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FOREWORD 


The Proceedings of the American Society for Testing Materials are 
published annually and include all reports and papers offered to the So- 
ciety during the current year and accepted by the Administrative Com- 
mittee on Papers and Publications for the Proceedings, together with 
discussion. 

The table of contents and subject and author indexes cover all papers 
and reports published by the Society during the current year, which in 
addition to those appearing in the Proceedings includes those accepted 
for publication in the ASTM BUuttetin or as Special Technical Publi- 
cations. 

A list of the Special Technical Publications published by the Society 
in 1949 is given on the last page of this volume. This supplements the 
list appearing in the 1948 Proceedings covering all special publications 
published by the Society up to 1948, 
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Nothing contained in any publication of the American Soctety 

for Testing Materials ts to be construed as granting any right, 

by implication or otherwise, for manufacture, sale, or use in 

connection with any method, apparatus, or product covered by 

Letters Patent, nor as insuring anyone against liability for 

infringement of Letters Patent. 


The Society is not responsible, as a body, for the statements 
and opinions advanced in this publication 


: 
q 
q 
{ 
= 
= 
q 
s 
aft 
/ 


CONTENTS 


PROCEEDINGS 
PAG 


Summary of Proceedings of the Fifty-second Annual Meeting. . hee = 
Annual Address by the President—R. L. Templin: “The ins of A.S.T.M.”. ». 
Annual Report of the Board of Directors. 
Appendix I. — Report of the Auditors for the Fiscal Year, January 1 to Decem- 
Appendix II. Report of Administrative Committee on Standards 
Appendix III. Report of Administrative Committee on Research... .. . 
Appendix IV. Report of Administrative Committee on Papers and Publica- 


Appendix V.— Report of Administrative Committee on Ultimate Consumer 
Appendix VI. Report of Administrative Committee on Simulated Service 


Appendix VII. Report of Administrative Committee on District Activities... . 


COMMITTEE REPORTS 
Ferrous Metals 


Appendix. Recommendations Affecting Standards on Steel................. 
Appendix I. Report of Subcommittee XV on Impact Testing............ ; 
Appendix II. Proposed Methods of Impact Testing of Cast Iron............. 
Report of Committee A-5 on Corrosion of Iron and Steel...................... : 
Report of Subcommittee XV on Field Tests of Wire and Wire Products....... 
Report of Committee A-6 on Magnetic Properties.......... 
Report of Committee A- on Iron 


Report of Special Committee ot  tnspection of Stainless Steel Archi- 


Non-Ferrous Metals 


Report of Committee B-1 on Wires for Electrical Conductors.................. 
Report of Committee B-2 on Non-Ferrous Metals and Alloys 
Report of Committee B-3 on Corrosion of Non-Ferrous Metals and Alloys 
Appendix. Effect of Weather on the Initial Corrosion Rate of Sheet Zinc 0. 
B. Ellis. 
Discussion 
Report of Committee B-4 on Electrical Heating, Resistance, and Related Alloys. . 
Report of Committee B-5 on Copper and Copper Alloys, Cast and Wrought , 
Appendix. Recommendations Affecting Standards for Copper and Copper 
Alloys 
Report of Commitee B-6 on Die-Cast Metals and Alloys 
Report of Committee B-7 on Light Metals and Alloys, Cast and WwW rought 
Appendix. Recommendations Affecting Standards for Light Metals and Alloys, 
Cast and Wrought 
Report of Committee B-8 on E lectrodeposited Metallic C oatings 
Appendix. Recommendations Affecting Standards Relating to Elec trodeposited 
Metallic Cc ‘oatings. 


Vv 


33 


® 
E 
| 
|__| 
l 
7 | 
) 
4 
) 
7 
100 
105 
110 
113 
128 
1 
2 
8 
} 
6 
9 
2 
8 
1 
4 
7 
3 
5 
5 
218 
220 


Report of Joint Committee on Effect of Temperature on the Properties of Metals. . 
Appendix I. Effect of Variables on the Creep Resistance of Steels (Project 
No. 18)—Prepared by H. C. Cross... . . 
Appendix II. Stability of Steels as Affected I by Temperature (Project No. 29)— 
Prepared by J. J. Kanter 
Appendix III. High-Temperature and Low- Temperature Testing. Equipment 


Cementitious, Ceramic, Concrete, and Masonry Materials 


Appendix I. Report of Cooperative Tests on the C omparative Relationship of 
Tensile, Compressive and Flexural Strength of Mortar to the Flexural 

and Compressive Strength of Concrete........ 
Appendix ITI. Report of the Study Sponsored by the Working C ommittee on SO; 

Report of Committee C-8 on Refrac 
Report of Committee C-9 on Concrete and Concrete Aggregates................. 
Report of Committee C-14 on Glass and Glass Products.....................4.. 
Report of Committee C-15 on Manufactured Masonry Units.................... 
Report of Committee C-16 on Thermal Insulating Materials.................... 
Report of Committee C-17 on Asbestos-Cement Products....................... 
Report of Committee C-19 on Structural Sandwich Constructions................ 


Miscellaneous Materials 


Report of Committee D-1 on Paint, Varnish, Lacquer, and Related Products...... 
Appendix. The Surface Preparation and Repainting of Structural Iron and Steel 
—Prepared by A. J. Eickhoff. 
Report of Committee D-2 on Petroleum Products and Lubricants................ 
Appendix I. Proposed Method of Test for the Determination of Micro Cone 
Appendix II. | Proposed Method of Test for Apparent Viscosity of Lubricating 
Appendix III. Proposed Definitions, Functions, Types, and Designations of 
Appendix IV. Proposed Carburetor Jacket for Use with Motor and Research 
Methods to Rate High Vapor Pressure Fuels........................4.. 
Appendix V. Proposed Method for Determination of Color Index of Petro- 
leum Products by Photoelectric Colorimeter......................00055 
Appendix VI. Proposed Method of Test for Sulfur in Petroleum Products by 
Appendix VII. Proposed Me thod of Test for Boiling Point ied of Polymeri- 
Appendix VIII. Proposed Method of Test for Phosphorus in L ubricating Oils, 
Lubricating Oil Additives and Their Concentrates................. 
Appendix IX. Proposed Method of Test for Bromine Number of Petroleum 
Distillates (Color Indicator Method). . 
Appendix X. Proposed Method of Test for Bromine Number of Petroleum 
Report of Committee D-3 on Gaseous 
Report of Committee D-4 on Road and Paving Materials....................... 
Report of Committee D-5 on Coal and Coke. 
Report of Committee D-6 on Paper and Paper ETE 
Report of Committee D-8 on Bituminous W aterproofing and Roofing Materials... 
Report of Committee D-9 on Electrical Insulating Materials..................... 
Appendix. Recommendations Affecting Standards for Electrical | Insulating 
Report of Committee D- 10 on n Shipping OEE OMELET DIE 
Report of C ameiaes D- 11 on Rubber and Rubber-Like Materials............... 


Report of Committee D-14 on Adhesives. ... 


PAGE 


241 
246 
247 
249 


256 


vil CONTENTS 
= 
263 
277 
280 
281 
286 
293 
295 
299 
302 
303 
305 
311 
318 
334 
338 
345 
347 
349 
355 
369 
379 
386 
388 
401 
404 
407 
415 
418 
423 
430 
431 
441 
445 
449 
458 


CONTENTS 


Report of Committee D-15 on Engine Antifreezes 
Report of Committee D-17 on Naval Stores. . 
Appendix I. Proposed Tests for Evaporation Residue Acidity of Turpentine. . 
Appendix II. Proposed Additions to the Standard Methods of Sampling and 
Testing Turpentine ( D 233 - 48).. 


Miscellaneous Subjects 


Report of Committee E-1 on Methods of Testing. 
Report of Committee E-2 on Spectrographic Analysis................ 
Report of Committee E-3 on Chemical Analysis of Metals 
Report of Committee E-4 on Metallography = 
Report of Committee E-6 on Methods of Testing Building Constructions......... 
Report of Committee E-7 on Non-Destructive Testing 
Report of Committee E-9 on Fatigue 

Appendix. Report of Subcommittee on Research 
Report of Committee E-11 on Quality Control of Materials 
Report of Committee E-12 on Appearance 


TECHNICAL PAPERS 
oe Edgar Marburg Lecture 


Residual Stresses In Metals—William Marsh Baldwin, Jr 


Metals 


Effect of Manufacturing Practice on Creep and Creep-Rupture Strength of Low- 
Carbon Steel—G. V. Smith and E. J. Dulis...................... 
Discussion 
The Effects of Temperature and Material Structure on the Fracture Properties of 
Medium-Carbon Steel—Julius Miklowitz 
The Influence of Conditions of Heat Treatment and Hot-Cold Work on the Properties 
of Low-Carbon N155 Alloy at Room Temperature and 1200F.—J. W. Free- 
man, E. E. Reynolds, D. N. Frey, and A. E. White 
The Influence of Fluctuations in Stress Amplitude on the Fatigue of Metals—T. J. 
Dolan, F. E. Richart, Jr., and C. E. Work 
Discussion - 
The Effects of Metallizing Procedures on the Fatigue Properties of Steel—W. Lee 
Williams 
Discussion 
A New High-Speed Metal Fatigue Testing Machine for Unsymmetrical Bending 
Studies—G. R. Gohn and E. R. Morton 
Discussion 
The Time Delay for the Initiation of Plastic Deformation at Rapidly Applied Con- 
stant Stress—D. S. Clark and D. S. Wood 
Discussion. . 
Elastic Fracture Toughness Studies of Stainless Steel—Carl W. Muhlenbruch...... 
Discussion 
Dynamic Creep and Creep Rupture Properties of Temperature-Resistant Materials 
Under Tensile Fatigue Stress—B. J. Lazan 
Effect of Pulsating Loads on the Creep Characteristics of Aluminum Alloy 14 ‘7 
—M. J. Manjoine 
Joint Discussion 
Fatigue Characteristics of Aluminum Alloy 75S-T6 Plate in Reversed Bending as 
Affected by Type of Machine and Specimen—T. T. Oberg and R. J. ete 
Discussion 
Creep and Stress- -Rupture Investigations on Some Aluminum Alloy Sheet Metals— 
J. E. Dorn and T. E. Tietz 
Discussion 
The Influence of Vibration on the Creep of Lead—J. Neill Greenwood 
Discussion 


vil 
_ 
PAGE 
461 
463 
9 
m 472 
Report of Committee D-19 on Industrial Wate .. 476 
Report of Committee D-20 on Plastics. . 483 
Appendix. Recommendation 
13 
18 
20 
22 
23 
32 
34 
34 
0 
18 
46 
83 
O1 
02 
14 
17 
36 
38 
54 
57 
88 
99 
04 
13 
15 
32 
34 
S1 


“See 


PA 
Magnetism in Copper Alloys: The Effect of Iron as Impurity—Allison Butts and 
Discussion 
I ffect of Weather on the Initial Corrosion Rate of Sheet Zinc--O. B. Ellis (Appendix 
to B-3 Report p. 152). 
Kecent Milestones in Metals and Minerals— John D. Sullivan (see ASTM BULLETIN, — 
No. 156, January, 1949, p. 41 (7 P 3)) 
Evaluation of Polishes for Use on Aluminum Aircraft Surfaces—Roy A. Machlowitz — 
(see ASTM Butietin, No. 156, January, 1949, p. 46 (TP 8)). 
“Aluminum” k. L. Templin (see ASTM No. 158, May, 1949, p. 45 
71)). 
Aluminum Condenser and Heat Exchanger Tubes—-J.S. Hamilton and J. J. Bowman © 
(see ASTM Butietin No. 159, July, 1949, p. 44 (TP 104)). 
Magnesium Alloys and A pplications—John C. McDonald (see ASTM BULLETIN No. 
159, July, 1949, p. 67 (TP 127)). 
A pplication of the Radioactive Tracer Technique to Metal Cleaning—J. C. Harris, 
Rk. E. Kamp and W. H. Yanko (see ASTM Butietin No. 158, May, 1949, 
p. 49 (TP 75)). 
Kffect of Temperature on the Kate of Blister Failure of Finishes on Steel in Water Im- 
mersion Tests—J. A. Boylan and R.I1.Wray (see ASTM Butvetin No. 15 7, 
March, 1949, p. 53 (TP 45)). 
A Geiger-Miiller ‘ounter Method of Determining Phosphorus in Steels—Ford R. 
Bryan and George A. Nahstoll (see ASTM Butietin No. 157, March, 1949, 
p. 55 (TP 47)). 7 
Effect of Speed of Testing on the Tensile Properties of Austenitic Stainless Steel Sheets 
R. H. Heyer (see ASTM Butietin No. 158, May, 1949, p. 57 (TP 83); 
Discussion No. 162, December, — 4 53 (T P 221)). 
A Compressibility Test for Metal Powders—F. V. Lenel (see ASTM BULLETIN No. 
158, May, 1949, p. 52 (TP 78)). 
Inf-uence of T ype of Machine, Range of Speed, and Specimen Shape on Fatigue Test — 
Data—P. K. Roos, D. C. Lemmon, and J. T. Ransom (see ASTM Bu LLETIN 
No. 158, May, 1949, p. 63 (TP 89)). 7 
A pproximate Statistical Method for Fatigue Data—R. E. Peterson (see ASTM BULLETIN | 
No. 156, January, 1949, p. 50 (TP 11); Discussion, No. 158, May, 1949, p. 
62 (TP 88), No. 159, July, 1949, p.65 (TP 125)). 
S pectrographic Methods for Determining Magnesium in Nodular Iron—-Ford RK. Bryan, — 
G. A. Nahstoll, and H. D. Veldhuis (see ASTM BULLETIN No. 162, December, 
1949, p. 69 (TP 237)). 
Nomograms for Obtaining the Compound Composition from the Oxide Analysis of j 
Hydrated Limes— Ernest M. Levin (see ASTM BuLtetin No. 162, December, 
1949, p. 58 (TP 226)). 
Some Notes on the Effect of Testing Machines on the Tensile Properties of Plastic Films 
Ladislav Boor (see ASTM Butrtetin No. 162, December, 1949, p. 47 
(TP 215)). 
Ignition and Burning Characteristics of Polyester, Phenolic, and Melamine Fibrous | 
Glass Laminates—H. J. Stark (see ASTM Butietin No. 162, December, 1949, ‘ 
p. 55 (7 P 223)). 
Measurement of the Thermal Transmission of Textile Fabrics—Gerald Winston and 
Stanley Backer (see ASTM Butietin No. 162, December, 1949, p. 62 (TP 
230). 


on 
~ 


Symposium on Evaluation Tests for Stainless Steels 
Summary of Proceedings of the Symposium on Evaluation Tests for Stainless Steels 
(Special Technical Publication No. 93) 887 


: Symposium on Rapid Methods for the Identification of Metals 
Summary of Proceedings of the Symposium on Rapid Methods for the Identification 
of Metals (Special Technical Publication No. 98)........... ..... 888 
Symposium on Testing of Cast Iron with SR-4 Type of Gage 
Summary of Proceedings of the Symposium on Testing of Cast Iron with SR-4 
Type of Gage (Special Technical Publication No. 97)............. se 
Papers on Radiography 


Summary of Proceedings of the Papers on Radiography (Special Technical Publica- 


CONTENTS 


Cement 


The Use of Natural Anhydrite in Portland Cement—W. C. Hansen and J. O. Hunt 
(see ASTM Buttetin No. 161, October, 1949, p. 50 (TP 194)). 
A Polarographic Method for the Direct Determination of Aluminum Oxide in Portland 
Cement—C. L. Ford and Lorrayne LeMar (see ASTM Buttetin No. 157, 
March, 1949, p. 66 (TP 58)). 
The Nonevaporable Water Content of Hardened Portland Cement Paste—Its Signifi- 
cance for Concrete Research and Its Method of Determination—Treval C 
Powers (see ASTM But etin No. 158, May, 1949, p. 68 (TP 94)). 
The Direct and Continuous Measurement of Bleeding in Portland Cement-Water 
Mixtures—Rudolph C. Valore, Jr., James E. Bowling, and R. L. Blaine... 
Long Time Tests of Concrete Containing Cements of Types I, Il, and ILL Under 
Various Storage Conditions—W. J. McCoy and S. B. Helms... .. 
Discussion 
The Design of Concrete Mixes Containing Entrained Air—Thomas H. Thornburn. 
Discussion 
A Wetting-and-Drying Test for r Predicting | Cement- Aggregate Reaction—C. H. 
Scholer 
Discussion . 
Chemical Reactions of Indiana Aggregate i in Disintegration of Concrete—Floyd O. 
Slate. 
Discussion . 
Engineering Properties of Coral Reef Materials—C. Martin Duke..... 
Concrete for Airport Runways—Inge Lyse (see ASTM BULLETIN, No. 161, October, 
1949, p. 48 (TP 192)). 


Soils 
The Procedure and Significance of Chemical and Mineralogical Tests on Soils— 
V. F. B. de Mello and T. William Lambe 977 
Discussion 990 
Subsurface Explorations by Geophy sical Methods- . 993 
Discussion . . 1010 
1016 
1034 
A New Durability Test for Marble—D. W. Kessler (see ASTM BULLE TIN, Not 159, 
July, 1949, p. 45 (TP 105)) 
20 to 30 Years’ Weathering of A sphalt Shingles Made with Unfilled Coatings—G. L. 
Oliensis (see ASTM Butietin, No. 165, April, 1950, p.59 (TP 85)). 


Symposium on Accelerated Durability Testing of Bituminous Materials 
Summary of Proceedings of the Symposium on Accelerated Testing of Bituminous 
Materials (Special Technical Publication No. 94) a pieccteresy 
Symposium on Industrial Gear Lubricants 
Summary of Proceedings of the Symposium on Industrial Gear Lubricants (Special 
Technical Publication No. 88) 
Symposium on Lubrication of High-Speed Turbine Gear Equipment 


Summary of Proceedings of the Symposium on Lubrication of High-Speed Turbine 
Gear Equipment (Special Technical Publication No. 92)................. 1039 


Symposium on Insulating Oils 


Summary of Proceedings of the Symposium on Insulating Oils (Special Technical 


Round Table Discussion on the Need for Standaids for the Examination of 
Water-Borne Industrial Wastes 


(see ASTM Buttetin, No. 162, December, 1949.) 
Introduction—L. Kermit Herndon (p. 35 (TP 203)). 
Analysis of Water-Borne Industrial Wastes: The Need for Uniformity in Methods 
of Analysis and Reporting—George D. Beal and S. A. Braley (p. 36 (T P 204)). 
Gaging and Sampling W ater-Borne W astes—Charles F. Hauck (p. 38 (TP 206)). 
Joint Discussion (p. 43 (T P 211)). —————_ we 


44 
Ix 
1 
9 
10 
4 


x = CONTENTS 


Miscellaneous 


Evaluation of Mineral Transformer Oil During Service—Frank M. Clark...... - 

Size and Border Conditions of Test Specimen in Their Relation to Results of Fire 

Tests—S. H. Ingberg 

Surface Preparation and Repainting of Structural Iron and Steel—Arnold J. Eick- 
hoff (Appendix to D-1 Report, p. 311). 

A Method for Evaluating the Surface and Volume Resistance Characteristics of Solid 
Dielectric Materials—-William G. Amey and Ferdinand Hamburger, Jr... . 

Ilexure Testing of Plastic Materials—J. W. Westwater 

Damping and Resonant Load-Carrying Capacities of Polystyrene and Other High 

Polymers—J. A. Sauer and W. J. Oliphant................ 

Impact Testing of Plastics: Elimination of the Toss Factor—Bryce Maxwell and L. 
F. Rahm (see ASTM Buttetin, No. 161, October, 1949, p. 44 (TP 188)). 

The Significance of the Charpy and F ‘lexure Tests in Evaluating the I mpact Resistance 
of Plastics—H. M. Quackenbos, Jr., J. M. Hill, Jr., and C. E. Staff (see 
ASTM Buttetin No. 159, July, 1949, p. 56 (TP 116)). 

Method for Weight Loss of Plastic Films and Sheets on Heating—Maurice E. Marks 
(see ASTM Buttetin No. 159, July, 1949, p. 53 (TP 113)). 

The Creep Characteristics of Compression Molded Polyethylene—G. R. Gohn, J. D. 

Discussion. . . . 

Creep-Time Relations for Polystyrene Under Tension, Bending, and Torsion—Joseph 

Marin and G. E. Spares 
Some Problems in the Sampling of Bulk Materials—Louis Tanner and W. Edwards 

Abstract of a Talk on—X-ray Studies of Synthetic Fibers—A. F. Smith (see ASTM 
Standards on Textile Materials, 1949, p. 519). 

X-ray Diffraction Analysis and Its A pplication lo the Study of Native Cellulose 
Fibers—Wayne A. Sission (see ASTM Standards on Textile Materials, 1949, 
p. 515). 

X-ray Study of Keratin and Other Protein Fibers—-George C. Nutting (see ASTM Stand- 
ards on Textile Materials, 1949, p. 525). 

The Precision of Fuel Rating—Donald B. Brooks and Robetta B. Cleaten (see ASTM 
Butvetin No. 156, January, 1949, p. 56 (TP 18)). 

Simplified Preparation of Flat Specimens for Tensile Strength Tests—V. C. Taxwood 
(see ASTM Butietin No. 157, March, 1949, p. 77 (TP 69); Discussion, 
No. 162, December, 1949, p. 72 (TP 240)). 

The Concept of Organic Coating Hardness—M. H. Switzer (see ASTM BuLtetin No. 
156, January, 1949, p. 67 (TP 29)). 

A Method of Determining the Percentage Elongation at Maximum Load in the Tension 
Test—Paul G. Nelson and Joseph Winlock (see ASTM Buttetin No. 156, 
January, 1949, p. 53 (TP 15); Discussion No. 162, December, 1949, p. 46 
(TP 214)). 

Study of A.S.T.M. Tentative Stiffness Test as Applied to Rubber—Dietrich G. Stechert 
(see ASTM Buttetin No. 157, March, 1949, p. 61 (TP 53)). 

Apparatus for Automatic Uniform Controlled Rise of Temperature—V. C. Taxwood 


1139 


. 1152 


1175 


1181 
1187 


and C. R. Stock (see ASTM BuLtetin No. 157, March, 1949, p. 76(TP 68)). 


Simple Calorimeter for Specific Heat Measurements—Roger B. Rice (see ASTM Butte- 
TIN No. 157, March, 1949, p. 72 (TP 64)). 

A History of Hardness Tests Based on Scratch Resistance Measurements—Ernest C. 
Bernhardt (see ASTM Buttetin No. 157, March, 1949, p. 49 (TP 41)). 


A Direct Reading Portable Photoelectric Photometer for Determining Reflectance of — 


Highway Centerlines—John M. Hill and Howard W. Ecker (see ASTM 
BULLETIN No. 159, July, 1949, p. 69 (TP 129)). 

Improved Single-Unit Schiefer Abrasion Testing Machine—Herbert F. Schiefer, Law- 
rence E. Crean, and John F. Krasny (see ASTM Buttetin No. 159, July, 
1949, p.73 (TP 133)). 

Performance Tesling of Packages in Relation to Handling and Shipping—Julian 


Harrison Toulouse (see ASTM Buttetin No. 159, July, 1949, p. 50 (TP 110). 


P 


"AGE 
O41 
065 
| 078 
079 
092 
118 
119 
132 S 
— 
é 


CONTENTS 


PAGE 
Philosophy of Specifications—L. S. Reid and W. R. Willets (see ASTM BULLETIN, 
No. 156, January, 1949, p. 39 (TP 1)). 
Round-Table Discussion on Wood Pole Testing (see abstract of discussion in ASTM BULLE- 
TIN, No. 161, October, 1949, p. 23 (TP 167)). 


SPRING MEETING SYMPOSIUM 


Symposium on Aging of Rubbers 
Summary of Proceedings of the Symposium on Aging of Rubbers (Special Technical 
Publication No. 89)... 


PACIFIC AREA NATIONAL MEETING | 


Summary of Proceedings of the First Pacific Area National Meeting 


Subject Index 


Insert Plates 
Plates I and If. Wire Inspection Reports, Report of Committee A-5 


xi 
1189 
> 


bee = | 
bed 
| 


ATLANTIC City, N. J., JUNE 27-Jury 1, 1949 


The follow ing Summary records the action taken by the Society at the Annual Meeting 
on the Recommendations Affecting Standards appearing in the annual reports of the tech- 
In the individual committee reports attention is called through an edi- 
torial footnote to any modifications of the recommedations or where the recommendations 
In all other instances it is to be understood that the 
recommendations were approved as submitted by the committee. 
standards and tentatives are published in the 1949 Book of A.S.T.M. Standards. 
noted, the reports and papers appear in this volume. 


nical committees. 


of the committee were not approved. 


This summary of the Fifty-second An- 
nual Meeting of the American Society 
for Testing Materials, held at the Chal- 
fonte-Haddon Hall Hotel, Atlantic City, 
NX. J., June 27—July 1, 1949, is a record 
of the transactions of the meeting, in- 
cluding the actions taken on the various 
recommendations submitted by the tech- 
nical committees. In all, 22 technical 
sessions and 3 informal sessions were 
held. 

The registered attendance of the meet- 
ing is as follows: Members present or 
represented, 1092; committee members, 
530; guests, 235; total 1857; ladies, 345. 

The Proceedings are set forth session 
by session. There were 57 reports and 
105 formal papers presented. The record 
with respect to each has been briefed, 
the recommendations in the reports hav- 
ing been grouped so as to cover the ac- 
ceptance of material for publication as 
tentative, such as new specifications, 
methods of test, revisions of tentatives, 
and proposed revisions of existing stand- 


ards, and as a separate group, the ap- 


SUMMARY OF PROCEEDINGS 
OF THE 
FIFTY-SECOND ANNUAL MEETING 4 


The new and revised 
Except as 


proval of matters that were referred to 
letter ballot of the Society, comprising 
the adoption of tentatives as standard 
and the adoption of revisions of stand- 
ards. Accordingly, wherever the action 
is reported as “adopted as standard” or 
“adopted as standard, revisions in” it is 
understood that this indicates approval 
of the Annual Meeting for reference to 
letter ballot of the Society. The various 
recommendations so recorded are in- 
cluded in the Society letter ballot.! The 
actions designated as ‘‘accepted as tenta- 
tive” or “accepted as tentative, revisions 
in,” are self-evident as indicating accept- 
ance by the Society at the Annual Meet- 
ing for publication as tentative. 

While all of the items on the program 
are recorded under the particular session 
in which they were presented, for con- 
venience in locating actions with respect 
to any particular report, the accompany- 
ing list is presented of all the reports 
together with the page reference where 
the action thereon is recorded: 


1 The letter ballot on recommendations affecting stand- 
ards, distributed to the ao membership, was canvassed 
actions were approved, 


vie 


on September 30, 1949, and al 
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Committee: 
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PAPERS ON RADIOGRAPHY? 
Monpay, JUNE 27, 1:30 p.m. 


CHAIRMAN: L. W. BALL 


X-Ray Moving Pictures—C. M. Slack, presented 
from manuscript by Mr. Donald Dickson. 

Recent Progress in High Speed Flash Radiog- 
raphy —J. C. Clark, presented from manu- 
script by the author. 

10 Mev. X-Ray Technique—D. T. O’Connor, 
E. L. Cruiscuolo, and Artie Pace, presented 
from manuscript by Mr. O’Connor. 

Mobilizing the Van de Graaff Generator for Pre- 
cision Radiography—E. A. Burrill, presented 
from manuscript by the author. 


A Universal Exposure Calculator for Radium 
Radiography and Its Application to Current 
Industrial Radiographic Films and Tech- 
niques—N. A. Kahn, E. A. Imbembo, and Jay 
Bland, presented from manuscript by Mr. 
Kahn. 

A Discussion on Radiographic Sensitivity— 
Carlton H. Hastings, presented from manu- 
script by the author. 

A Revised Procedure for Establishing Radio- 
graphic Standards—L. W. Ball, presented 


FIRST SESSION—OPENING SESSION; FATIGUE OF METALS 
Monpay, 27, 8 P.M. 
Session Co-CHAIRMEN: PRESIDENT R. L. Past-PrESwWENT J. R. TOWNSEND 


President Templin, in opening the 
Fifty-second Annual Meeting extended 
a cordial welcome to all members and 
guests of the Society in attendance. He 
noted briefly that there were 105 tech- 
nical papers and 57 committee reports 
to be presented, making a total of 162 
items distributed among the 25 sessions. 
He pointed out that about half of this 
information has been preprinted for the 
meeting making a total of around 1500 
pages which is as much preprinted ma- 
terial as ever before published by the 
Society for an Annual Meeting. He re- 
ferred to the 450 meetings scheduled for 
the week, which exceeded any previous 
Annual Meeting. In conclusion, Mr. 
Templin stated that from the expected 
attendance, the number of committee 
meetings, and the number of interesting 
technical sessions this promised to be 
one of the largest and most successful 
meetings held by the Society. 


Minutes of Fifty-first Annual Meeting 


The minutes of the Fifty-first Annual 
Meeting were distributed during the 
summer of 1948 as a Summary of Pro- 
ceedings. This summary is published in 


? To be issued as a separate publication. 


from manuscript by the author. 


the 1948 Proceedings.’ On motion, the 
minutes were approved. 
Report of Board of Directors 

In presenting the Report of the Board 
of Directors, the Executive Secretary, 
C. L. Warwick, called attention first to 
the reports of the following Adminis- 


trative Committees that were appended 
to the report: 


Administrative Committee on Standards 
Administrative Committee on Research 
Administrative Committee on Papers and 
Publications 
Administrative Committee on Ultimate Con- 
sumer Goods 
Administrative Committee on Simulated Serv- 
ice Testing 
Administrative Committee on District Ac- 
tivities 
These brief reports summarized the 
activities in the designated fields of work. 
Mr. Warwick pointed out that this 
past year has seen the work of the So- 
ciety expand into important new fields, 
which in turn has brought into the So- 
ciety new members to work out their 
testing and specification problems in the 


3Summary of Proceedings of the Fifty-first Annual 
Meeting, Proceedings, Am. Soc. Testing Mats., Vol. 48, 


p. 1 (1948). 
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environment and under the established 
procedures of A.S.T.M. He also empha- 
sized the significance of the first national 
meeting west of the Rockies, to be held 
in October in San Francisco, which is 
Zz reaching since it is the first time that 
the work of A.S.T.M. will be carried so 
intimately to its members in the rapidly 
growing industries in the Pacific Area. 
Mr. Warwick further stressed the great 
activity by the members and Society 
committees in both standardization and 
‘research on engineering materials. He 
reviewed a number of important aspects 
of the Society’s work, including mem- 
bership; meetings, both national and 
local; headquarters; publications; techni- 
cal activities; organization of new com- 
-mittees; relations with other organiza- 
‘tions; cooperation with the American 
Standards Association; and considera- 
tion of internatic al standardization ac- 
tivities. 
An amendment of the By-laws was 
presented for action as given in detail 
in the Report of the Board of Directors. 
‘This amendment proposes that the fol- 
_ lowing sentence in Article I, Section 7, 
of the By-laws dealing with honorary 
members be changed from its present 
form, namely, “The number of Hon- 
_ orary Members shall not exceed twenty,” 
to read: ““The number of Honorary Mem- 
bers shall be left to the discretion of the 
Board of Directors.”’ Consideration of 


SUMMARY OF PROCEEDINGS 


— 


matters relating to the election of hon. 
orary members had led the Board to fee! 
that it will be in the better interests of 
the Society if the number of honorary 
members be not limited in the By-laws 
but left to the discretion of thé Board. 

On motion, duly seconded, it was 

VOTED that the proposed amend. 
ment be referred to letter ballot of the 
Society. 

On motion duly seconded, the report 
of the Board of Directors was accepted 
for publication in the Proceedings. 

The chair was then turned over to 
Mr. J. R. Townsend, who presided dur- 
ing the presentation of papers on the 
Fatigue of Metals as recorded below. 


= 


The Influence of Fluctuations in Stress Ampli- 
tude on the Fatigue of Metals—T. J. Dolan, 
F. E. Richart, Jr., and C. E. Work, presented 
by Mr. Dolan. 

The Effects of Spray Metallizing Procedures on 
the Fatigue of Steel—W. Lee Williams, pre- 
sented by the author. 

A New High-Speed Sheet Metal Fatigue Testing 
Machine for Unsymmetrical Bending Studies 
—G. R. Gohn and E. R. Morton, presented 
by Mr. Gohn. 

Dynamic Creep and Rupture Properties of Tem- 
perature-Resistant Materials Under Tensile 
Fatigue Loading—B. J. Lazan, presented from 
manuscript by the author. 

Effect of Pulsating Loads on the Creep Charac 
teristics of Aluminum Alloy 14S-T.—M. J 
Manjoine, presented by the author. 


Committee D-18 on Soils for Engineering 

Purposes: 

Report presented from manuscript by 
E. J. Kilcawley, chairman, and accepted 
as a report of progress. 

Papers: 
The Procedure and Significance of Chemical and 


SECOND SESSION—SOILS 


a Session CHAIRMAN: K. B. Woops - 


TuESDAY, JUNE 28, 9 A.M. 


Mineralogical Tests on Soils—T. William 
Lambe and V. F. B. de Mello, presented by 
Mr. Lambe. 

Subsurface Explorations by Geophysical Meth- 
ods—E. Raymond Shepard, presented by the 
author. 

Study on Mechanical Oscillators—R. K. Bern- 
hard, presented by the author. 
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THIRD SESSION—SYMPOSIUM ON RAPID METHODS FOR THE IDENTIFICATION 
TUESDAY, JUNE 28, 10 
SESSION CHAIRMAN: L. A. WOOTEN 
Introductory Remarks—L. A. Wooten. 


Development, Present State, and Outlook of 
Spot Test Analysis—Fritz Feigl, presented 


Hermance and H. V. Wadlow, presented from 
manuscript by Mr. Wadlow. 

Instruments for Rapid Metal Identification— 
R. R. Webster, presented from manuscript 
by the author. 

[Symposium continued in Fifth Session] 


from manuscript by the author. 


Electro Spot T esting and Electrography—H. W. 


FOURTH SESSION—LUNCHEON, PRESIDENT’S ADDRESS, RECOGNITION OF 40- 
AND 50-YEAR MEMBERS, AND INTRODUCTION OF NEW OFFICERS 


| Turspay, June 28, 12:15 p.m. 


? CHAIRMAN: PAST-PRESIDENT T. A. Boyp 


For Vice-President, to serve for two years: 
R. E. Richart, 1036 votes. 

For Directors, to serve for three years: 
R. D. Bonney, 1036 votes. 


One of the innovations at the Annual 
Meeting was the scheduling of a lunch- 
eon as an Official session at which about 
300 members and guests were present. C. H. Fellows, 1036 votes. 
During the luncheon, the annual address H. F. Gonnerman, 1036 votes. 
of the President was presented, the first N. L. Mochel, 1036 votes. 
awards of 50-year certificates were made, M. O. Withey, 1036 votes. 
and also the 40-year members were recog- 
nized. Past-President J. R. Townsend pre- 
sented the Past-President Pin to retiring 
President R. L. Templin. Mr. Templin, 
in recognizing Mr. Townsend, com- 
mented on the latter’s outstanding record 
f service as an officer of the Society 
which occasioned a special letter of ap- 
preciation from the Board of Directors 
on his retirement from the Board. — 


Election of Officers: ; 
Results of the letter ballot on election 

of new officers were announced by the 

Chairman of the Tellers’ Committee, E. 


J. Albert. Of the 1036 ballots cast, the 
results were as follows: 


The newly elected members of the 
Board of Directors who were present 
were introduced, as was the new Presi- 
dent, J. G. Morrow, who spoke briefly. 
The new Vice-President, Prof. F. E. Rich- 
art, was absent because of illness. 

Executive Secretary Warwick gave 
brief citations for the 50-year members 
after which specially engrossed framed 
certificates were tendered by Mr. Tem- 
plin. The 40-year members were also noted 
by Mr. Warwick and each received the 
40-year certificate. 

Presidential Address: 

The chairman presented the Presi- 

dent, R. L. Templin, who delivered the 


presidential address entitled, “The Prog- 
ress of A.S.T.M.” 


For President, to serve for one year: 


J. G. Morrow, 1036 votes a 
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Committee E-3 on Chemical Analysis of 
Metals: 


Report presented by D. R. Evans, chairman, 
and the following actions taken: 


Adopted as Standard: 


Chemical Analysis of Special 
Bronzes (E 54-46 T) 

Chemical Analysis of White Metal Bearing 
Alloys (E 57 — 46 T) 

Chemical Analysis of Lead- and Tin-Base Solder 
Metal (E 46-46 T), as revised 


Brasses and 


Adopted as Standard, Revisions in: 


Chemical Analysis of Aluminum and Aluminum- 
Base Alloys (E 34-45) 

Chemical Analysis of Magnesium and Mag- 
nesium-Base Alloys (EF 35 — 45) 


Papers: 


‘This session was a continuation of the 
Symposium on Rapid Methods for the 


SESSION CHAIRMAN: 


FIFTH SESSION—SYMPOSIUM ON RAPID METHODS FOR THE IDENTIFICATION OF 


METALS (continued from Third Session) 
TuESDAY, JUNE 28, 2:30 P.M. 


Identification of Metals.* The papers pre. 
sented at this session are listed below: 


Separating Alloys by Relative Spot Tests—H. 
Kirtchik, presented from manuscript by the 
author. 

Rapid Methods for the Identification of Copper- 
Base Alloys—R. P. Nevers, presented from 
manuscript by the author. 

Rapid Identification of Metal Finishes—D. R. 
Evans and A. Lewis, presented from imanu- 
script by Mr. Lewis. 

Examination of Plated and Protective Coatings 
by Electrographic Analysis—N. Galitzine and 
S. E. Q. Ashley, presented from manuscript 
by Mr. Galitzine. 

Separating Tin-Lead, Antimony-Lead, and Pure 
Lead by Spot Test Analysis—C. A. Ray, pre- 
sented from manuscript by the author. 

A Field Test Kit for Rapid Identification of 
Nickel Alloys—H. B. Lea, presented from 
manuscript by the author. 

Rapid Tests for Identifying Alloy Steels—Elbert 
C. Kirkham, presented from manuscript by 


S. E. Q. ASHLEY 


Basic Principles of Ultrasonic Testing—J. C. 
Smack, presented from manuscript by the 
author. 

Ultrasonics in the Heavy Forging Industry —J. C. 
Hartley, presented from manuscript by the 
author. 

Application of Ultrasonics to the Fabrication of 
Aluminum—J. V. Carroll, presented from 
manuscript by the author. 

Ultrasonics in the Railroad Industry—E. D. 


SIXTH SESSION—MARBURG 


President Templin presented Dr. W. 
M. Baldwin, Jr., Research Professor and 
Director, Metals Research Laboratory, 
Department of Metallurgical Engineer- 
ing, Case Institute of Technology, Cleve- 


PAPERS ON ULTRASONIC TESTING? 
TUESDAY, JUNE 28, 2:30 p.m. 
SESSION CHarRMAN: H. C. AmMTSBERG 


LECTURE; 
TEMPLIN AWARD; SAM TOUR AWARD 


TUESDAY, JUNE 28, 8:00 P.M. 
SESSION CHAIRMAN: Presipent R. L. TEMPLIN 


the author. 


Hall, presented from manuscript by Mr. S. E. 
Ladner. 

Ultrasonics in the Electrical Industry—D. M. 
Kelman, presented from manuscript by the 
author. 

Application of Ultrasonics to Naval Problems— 
H. M. Trent, presented from manuscript by 
the author. 

Application of Ultrasonics to Bronze Forgings 
and Ingots—A. Piltch, presented from manu- 
script by the author. 


{ 


AWARD; 


DUDLEY MEDAL RICHARD 


land, Ohio, as the Twenty-third Mar- 
burg Lecturer, who then delivered the 
lecture on “Residual Stresses in Metals.” 
The lecture covered the development of 
residual stresses. A description of the 
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experimental methods used to evaluate 
residual stresses, the various residual 
stress patterns found in fabrication of 
metals, the effects of residual stresses, 
ind methods for the elimination of resi- 
yal stresses were all covered in the lec- 
ture. 

President Templin, in expressing ap- 
preciation to Dr. Baldwin for his very 
timely and instructive lecture on a sub- 
ject of particular interest to the A.S. 
[.M., presented to him, on behalf of the 
Society, The Edgar Marburg Lecture 
Certificate. 


Medalists and Award Winners: 


The Charles B. Dudley Medal, named 
alter the Society’s first president and 
awarded to the author or authors of a 
paper of outstanding merit constituting 
an original contribution on research and 
engineering materials, was presented to 
W. W. Buechner, R. J. Van de Graaff, 
H. Feshbach, A. Sperduto, on the staff 
of Massachusetts Institute of Tech- 
nology, and E. A. Burril, L. R. McIn- 
tosh, formerly on the Staff of M.I.T., 
now with the High Voltage Engineering 
Corp., for their paper on “‘An Investiga- 


tion of Radiography in the Range from 
0.5 to 2.5 Million Volts,” published in 
the December, 1948, issue of the ASTM 
BULLETIN. 

The Richard L. Templin Award, to 
stimulate research in the development 
of testing methods and apparatus and 
to encourage the presentation to the So- 
ciety of papers describing new and useful 
testing procedures and apparatus, was 
given to W. T. Lankford, Research As- 
sociate, Research and Technology Dept., 
Carnegie-Illinois Steel Corp., for his pa- 
per on “Hydraulic Bulge Testing of Sheet 
Metals,” presented at the 1948 Annual 
Meeting and published in the 1948 Pro- 
ceedings. 


The first Sam Tour Award, to en- 


courage research on the improvement 
and evaluation of corrosion testing meth- 
ods and to stimulate the preparation of 
technical papers in this field, was given 
to V. M. Darsey and W. R. Cavanagh, 
President and Research Chemist, respec- 
tively, Parker Rust Proof Co., for their 
paper on “Apparatus and Factors in Salt 
Fog Testing,” presented at the 1948 An- 
nual Meeting and published in the 1948 


Proceedings. 


SEVENTH SESSION—NON-FERROUS METALS—CORROSION, FATIGUE, ETC. 


WEDNESDAY, JUNE 29, 9:30 a.m. 


SESSION CHAIRMAN: PRESIDENT R. L. TEMPLIN 


Committee B-4 on Electrical Heating, 
Resistance, and Related Alloys: 


Report presented by S. A. Standing, chair- 


man,and the following actionstaken: 


Accepted as Tentative, Revisions in: 


Adopted as Standard: 


Test for Resistivity of Metallically Conducting 
Resistance and Contact Metals (B 63 - 48 T) 

Method for Life Test of Electrical Contact Ma- 
terials (B 182 - 46 T) 

Test for Diameter by Weighing of Fine Wire 
e in Electronic Devices and Lamps (B 205 
-45 T) 


Committee B-7 on Light Metals and Alloys, 
Cast and Wrought: 


Report presented by I. V. Williams, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Spec. for Aluminum-Alloy Pipe, with minor cor- 


rections in the weights for standard and —_ 


heavy pipes given in Table ITI. 


Spec. for Magnesium-Base Alloy Sand Castings 
(B 80 - 47 T) 

Spec. for Magnesium-Base Alloy Sheet (B 90 - 
46 T) 

Spec. for Magnesium-Base Alloy Forgings (B 91 
- 45 T) 

Spec. for Magnesium-Base Alloys in Ingot Form 
for Sand Castings, Die Castings and Per- 
manent Mold Castings (B 93 — 47 T) 

Spec. for Magnesium-Base Alloy Bars, Rods and 
Shapes (B 107 — 48 T) 

Spec. for Aluminum and Aluminum-Alloy Sheet 
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and Plate for Use in Pressure Vessels (B 178 - 
47 T) 

Spec. for Magnesium-Base Alloy Permanent 
Mold Castings (B 199 - 47 T) 

Spec. for Aluminum and Aluminum-Alloy Sheet 
and Plate (B 209 - 48 T) 

Spec. for Aluminum-Alloy Drawn Seamless Tub- 
ing (B 210 - 48 T) 

Spec. for Aluminum and Aluminum-Alloy Bars, 
Rods and Wire (B 211-48T) . 

Spec. for Aluminum and Aluminum-Alloy Ex- 
truded Bars, Rods, and Shapes (B 221 — 48 T) 

Spec. for Aluminum-Alloy Extruded Tubing (B 
235 - 48 T) 


Adopted as Standard: 


A. 
Spec. for Aluminum for Use in Iron and Steel 
Manufacture (B 37 - 46 T), as revised. 


Reaffirmation of Standard: 
Spec. for Magnesium Ingot and Stick for Remelt- 
ing (B 92 — 45) 


Committee B-8 on Electrodeposited Metallic 
Coatings: 


Report presented in the absence of the chair- 
man by A. W. Tracy and the following actions 
taken: 


Accepted as Tentative: 


Rec. Practice for Preparation of High-Carbon 
Steel for Electroplating 


Accepted as Tentative, Revisions in: 


Spec. for Electrodeposited Coatings of Zinc on 
Steel (A 164 - 40 T) 
_ Spec. for Electrodeposited Coatings of Cadmium 
on Steel (A 165 - 40 T) 
Spec. for Chromate Finishes on Electrodeposited 
Zinc, Hot-Dipped Galvanized, and Zinc Die- 
_ Cast Surfaces (B 201 — 45 T) 
_ Adopted as Standard: 
- Rec. Practice for Chromium Plating on Steel for 
Engineering Use (B 177 — 45 T) 
Rec. Practice for Preparation of Low-Carbon 
Steel for Electroplating (B 183 - 43 T) 


Attention was called to the incorrect number- 
ing of the three figures in the appended report 


SUMMARY OF PROCEEDINGS 


This round table discussion was spon- 
sored by Committee D-7 on Wood in 
view of its proposed expansion of ac- 


of Subcommittee II on Performance Tests, To 
correct this, the figures should be renumbered as 
follows: Change Fig. 1 to Fig. 3, Fig. 2 to Fig, 1, 
and Fig. 3 to Fig. 2. 


Committee E-7 on Non-Destructive Testing; 


Report presented by J. H. Bly, chairman, and 
the following action taken: 


Accepted as Tentative, Revisions in: 


Industrial Radiographic Terminology for Use in 
Radiographic Inspection of Castings and 
Weldments (E 52 - 45 T) 


Committee E-9 on Fatigue: 


Report presented by R. E. Peterson, chair. 
man, who called attention to a report on the ac- 
tivities of the Research Subcommittee which 
had been prepared by its chairman H. F. Moore, 
but not preprinted with the report. 


Committee B-3 on Corrosion of Non-Ferrous 
Metals and Alloys: 


Report presented, in the absence of the chair- 
man, by A. W. Tracy and the following action 
taken: 


Accepted as Tentative, Revisions in: 


Method of Salt Spray (Fog) Testing (B 117-4 
T) 


Appendix 


Effect of Weather on the Initial Corrosion 
Rate of Sheet Zinc—O. B. Ellis, presented 
by the author. 


Papers: 


Fatigue Characteristics of Aluminum Alloy 75S- 
T6 Plate in Reversed Bending as Affected by 
Type of Machine and Specimen—T. T. Oberg 
and R. J. Rooney, presented by Mr. T. J 
Dolan. 

Creep and Stress-Rupture Investigations on 
Some Aluminum Alloy Sheet Metals—J. £ 
Dorn and T. E. Tietz, presented by Mr. F.M 
Howell. 


The Influence of Vibration on the Creep of Lead § 


—J. Neill Greenwood, presented by Mr. H. F 
Moore. 


ROUND TABLE DISCUSSION ON WOOD POLE TESTING ; 
WEDNESDAY, JUNE 29, 9:30 a.m. 
SESSION CHAIRMAN: L. G. SmirH 


tivities to include the collection of reli- 
able data on the strength of wood poles. 
This field is of interest to both producers 
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and users of poles because of the persist- 
ent difficulty of interpreting test results 
that have been obtained by varying 
methods without the benefit of standard- 


ized testing procedures. The discussion — 
reviewed a proposed testing program 
and discussed methods of its implemen- 
tation.** 


EIGHTH AND NINTH SESSIONS—SYMPOSIUM ON TESTING CAST IRON WITH SR-4_ 
TYPE OF GAGE 


Eighth Session 
WEDNESDAY, JUNE 29, 9:30 A.M. 


Session CHAIRMAN: J. S. VANICK 


Committee A-3 on Cast Iron: 


Report presented by C. O. Burgess, secretary, 
and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Automotive Gray Iron Castings (A 159 
- 47) 


Reafirmation of Standard: 


Spec. for Gray Iron Castings for Valves, Flanges, 
and Pipe Fittings (A 126 — 42) = 


Editorial Change Accepted in: ‘ 


Spec. for Gray Iron Castings (A 48 — 48) 

Attention was called to an error under Re- 
afirmation of Standards where the Standard 
Specifications for Welded Wrought Iron Pipe 
(A72-45) had been listed instead of the Stan- 
dard Specifications for Cast Iron Soil Pipe and 
Fittings (A 74 - 42). 


J. T. MacKenzie presented a report on Im- 
pact Testing which is to be appended to the com- 
mittee report in the Proceedings. 


Ninth Session 
WEDNESDAY, JUNE 29, 1:30 P.M. 


SESSION CHAIRMAN: H. BORNSTEIN 


Committee E-1 on Methods of Testing: 


Report presented by J. RK. Townsend, chair- 
man, and the following actions taken: 


Awepted as Tentative, Revisions in: 
Spec. for A.S.T.M. Thermometers (E 1-48 T) 
Adopted as Standard: 


Spec. for A.S.T.M. Thermometers (E 1 - 48 T), 
adoption of the A.S.T.M. Gas Calorimeter In- 
let Thermometer (50 F - 47 T) and the Gas 


- Strain Testing of Crank Shafts, Engine Frames, 


e a 
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Symposium on Testing Cast Iron with SR-4 
Type of Gage:* 


Stress Analysis of Automotive Cylinder Blocks— 
Martin A. Erickson, presented from manu- 
script by the author. 

Residual Stresses in Cylinder Blocks—R. J. 
King, presented from manuscript by the 
author. 

An Analysis of Locked-In Stresses in Automotive 
Cylinder Blocks—S. J. Stockett and H. W. 
Lownie, Jr., presented from manuscript by 
Mr. Stockett. 


and Cylinders—H. M. Hardy and T. O. Kuivi- 
nen, presented from manuscript by Mr. Kuivi- 
nen. 
Strain Gage Tests on Diesel Cylinder Blocks, 
Heads and Pistons—C. L. Newton and J. D. 
Swannack, presented by title only. 
Stress-Strain Tests on Rectangular Cast Iron 
Beams—Oliver Smalley, presented from man- 
uscript by Mr. E. S. Clark. 
Stress-Strain Tests on Various Cast Iron Beam 
Sections—H. M. Hardy and T. O. Kuivinen, 
presented from manuscript by Mr. Kuivinen. 


Calorimeter Outlet Thermometer (51 F - 47 


Adopted as Standard, Revisions in: 

Spec. for A.S.T.M. Thermometers (E 1 - 47) 
Reaffirmation of Standards: 


Spec. for Sieves for Testing Purposes (E 11 — 39) 
Hardness Conversion Table for Cartridge Brass 
(E 33 - 42) 
3 A detailed article by L. G. Smith covering this pro- 


gram with notes on the discussion will appear in the A.S. 
T.M. BuLietin, September, 1949. 
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_ Symposium on Testing Cast Iron with SR-4 
‘Type of Gage:* 


This session was a continuation of the 
Symposium on Testing Cast Iron with 
~SR-4 Type of Gage. The papers pre- 
sented at this session are listed below: 


Stress Analysis of a Cast Iron 125-lb. Valve As- 
sembly—V. T. Malcolm and S. Low, pre- 
sented from manuscript by Mr. Low. 

Stress Analysis of a Cast Iron Split Tapping 
Sleeve—E. C. Sears, J. W. Miner, and E. D. 

McCauley, presented from manuscript by Mr. 

Miner. 


SUMMARY OF PROCEEDINGS 


Stress-Strain Analysis of Cast Irons for Valye 
Parts—Harold Wyatt, presented by title only 

Residual Stresses in Cast Iron Deaerating Trays 
—J. A. Cameron, presented from manuscrip 
by the author. 

Stress Determination in Cast Irons for Railrvad 
Service—Richard A. Flinn and Robert J. Ely 
presented from manuscript by Mr. Flinn. 

Some Strain Gage Studies of Cast Iron Punch 
Press Frames—Given A. Brewer, presented 
from manuscript by Mr. J. S. Vanick. 

Location and Measurement of Stresses in Gray 
Iron Tractor Castings—Hyman Bornstein, 
presented from manuscript by the author. 

Stress-Strain Studies of Cast Iron for Textile 
Machinery Parts—Victor E. Hillman, pre. 
sented by title only. 


Committee E-4 on Metallography: 
Report presented by L. L. Wyman, chairman, 
and the following actions taken: 
Accepted as Tentative, Revisions in: 


Methods of Preparation of Micrographs of 
Metals and Alloys (Including Recommended 
Practice for Photography as Applied to Meta!- 
lography) (E 2 - 44 T) 


 Reaffirmation of Standards: 
_ Def. of Terms Relating to Metallography (E 7 - 


27) 
~ Rec. Practice for Thermal Analysis of Steel (E 
14 — 33) 


_ Committee A-7 on Malleable Iron Castings: 


Report presented by W. A. Kennedy, chair- 
man. 
It was announced that the committee had 
_ withdrawn from the report as preprinted, the 
_ recommendation for adoption as standard of the 
_ Tentative Specifications for Pearlitic Malleable 
Iron Castings (A 220-48 T) and the Tentative 
Specifications for Malleable Iron Flanges, Pipe 
Fittings and Valve Parts (A 277-44 T), these 
_ specifications being continued as tentative. 


Committee A-5 on Corrosion of Iron and 
Steel: 


Report presented by T. R. Galloway, chair- 
_ man, and the following actions taken: 


TENTH SESSION—STEEL, FERRO-ALLOYS, EFFECT OF TEMPERATURE 
WEDNESDAY, JUNE 29, 1:30 P.M. 
SESSION CHAIRMAN: VICE-PRESIDENT J. G. Morrow 


Adopted as Standard: 4 


Test for Weight and Composition of Coating on 
Long Terne Sheets by the Triple Spot Test 
(A 309 - 47 T) 

Spec. for Zinc Coating (Hot Dip) on Iron and 
Steel Hardware (A 153 - 47 T), as revised. 


It was announced that the committee had 
withdrawn from the report as preprinted, the 
proposed revisions in the Standard Method of 
Test for Uniformity of Coating by the Preece 
Test (Copper Sulfate Dip) on Zinc-Coated (Gal- 
vanized) Iron or Steel Articles (A 239 - 41). 


Reaffirmation of Standards: 


Spec. for Zinc-Coated (Galvanized) Iron or Stee 
Telephone and Telegraph Line Wire (A 111- 
43) 

Spec. for Zinc-Coated (Galvanized) Iron or Stee! 
Tie Wires (A 112 - 33) 

Spec. for Zinc-Coated Iron or Steel Chain-Link 
Fence Fabric Galvanized After Weaving (A 
117-33) 

Spec. for Zinc-Coated Steel Wire Strand (“Gal- 
vanized” and Class A (“Extra Galvanized”) 
(A 122 - 41) 

Spec. for Zinc-Coated Steel Wire Strand (Class 
B and Class C Coatings) (A 218 - 41) 

Test for Weight of Coating on Zinc-Coated (Gal- 
vanized) Iron or Steel Articles (A 90 - 39) 


Committee A-1 on Steel: 


Report presented by N. L. Mochel, chairman, 
and the following actions taken: 
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Awepled as Tentative: 


Spec. for Hot-Rolled Carbon-Steel Bars (A 107 - 


4 

Spec. for Cold-Finished Carbon-Steel Bars and 
‘Shafting (A 108 - 47) 

Spec. for Heat-Treated Carbon- and Alloy-Steel 
Track Bolts and Nuts (A 183 - 46) 

Spec. for Structural Steel for Locomotives and 

Cars (A 113-49 T) with a minor revision in 
Table II consisting of changing the bend test 
requirement for material over 2 in. in thick- 
ness for grade B from the present “2” to read 

Spec. for Forged or Rolled Alloy-Steel Pipe 
Flanges, Forged Fittings, and Valves and 
Parts for High-Temperature Service (A 182 - 
48 T) 

Spec. for High-Strength Structural Rivet Steel 
(A195 - 49 T) 

Spec. for Nickel-Steel Plates for Boilers and 
Other Pressure Vessels (A 203 - 49 T) 

Spec. for Chromium-Molybdenum Steel Plates 
for Boilers and Other Pressure Vessels (A 301 
-49T) 

Spec. for Open-Hearth Carbon-Steel Rails (A 1 - 
46) 

Spec, for Open-Hearth Carbon-Steel Girder Rails 
of Plain, Grooved and Guard Types (A 2-27) 

Spec. for Low-Carbon Steel Joint Bars (A 3- 46) 

Spec. for Medium-Carbon Steel Joint Bars (A 4 
14) 

Spec. for Boiler Rivet Steel and Rivets (A31- 
40) 

Spec. for Soft Steel Track Spikes (A 65 - 33) 

Spec. for Steel Screw Spikes (A 66 - 33) 

Spec. for Low-Carbon Steel Track Bolts and 
Nuts (A 76 - 46) 

Spec. for Cold-Rolled Strip Steel (A 109 - 38) 

Spec. for Carbon-Silicon Steel Plates of Inter- 
mediate Tensile Ranges for Fusion-Welded 
Boilers and Other Pressure Vessels (A 201 - 47) 

Spec. for Molybdenum-Steel Plates for Boilers 
and Other Pressure Vessels (A 204 - 47) 

Spec. for High Tensile Strength Carbon-Silicon 
Steel Plates for Boilers and Other Pressure 
Vessels (Plates 6 in. and Under in Thickness 
(A212 - 47)) 

Spec. for Manganese-Vanadium Steel Plates for 
Boilers and Other Pressure Vessels (A 225-47) 


Accepted as Tentative, Revisions in: 


Adopted as Standard: 


Spec. for Minimum Requirements for the Defor- 
mations of Deformed Steel Bars for Concrete 
Reinforcement (A 305-477); including the 


following revisions not included in the report _ 
as preprinted :* 

Introduction.—Delete the following from the 
last sentence: “‘that the design of the deforma- 
tion shall provide for a bearing area of the de- 
formations against the concrete, in square 
inches per lineal inch length of bar when pro- 
jected on a plane normal to the axis of the bar, 
of approximately 15 per cent of the nominal 
size of the bar expressed in inches.”’ 

Section 3 (c).—Change to read as follows by 
the addition of the italicized words: ‘‘(c) The 
average spacing or distance between deforma- 
tions on each side of the bar shall not exceed 
seven-tenths of the nominal size of the bar.” 

Section 3 (e).—Change to read as follows: 

(e) The average height of deformations shall c 
not be less than the following percentages of 
the nominal size of the bar: 


Minimum Height of Deforma- 


Nominal Size tions, per cent of Nom- 
of Bar, in. inal Size of Bar 
4 
4 


44 
5 
Table I.—Change to read as given in the ac- 


companying Table I. 


Adopted as Standard, Revisions in: 


Spec. for Silicon-Manganese Steel Bars for 
Springs (A 59 - 39), with a minor revision in 
Table I deleting size ranges “over 6 to 8, incl.” 

Spec. for Chromium-Vanadium Steel Bars for 
Springs (A 60-42), with the same revision 
given above for Spec. A 59. 

Spec. for Carbon-Steel Bars for Springs with — 
Special Silicon Requirements (A 68 — 44) 

Spec. for Forged or Rolled Steel Pipe Flanges for — 
General Service (A 181 — 46) 


Withdrawal of Standard: 


Spec. for Carbon-Steel Bars for Springs (A 14 - 
44) 


Joint Committee on Effect of Temperature 
on the Properties of Metals: 


Report presented from manuscript by E. L. 
Robinson, chairman, and accepted as a report of 


progress. 


Report presented by W. C. Bowden, | an 
chairman, and accepted as a report of progress. 


Committee A-9 on Ferro-Alloys: 


4 This recommendation, not preprinted, was accepted _ 
subject to unanimous affirmative letter ballot of Com- 
mittee A-1, which ballot has been favorable. 
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Summary OF PROCEE DINGS 


TABLE I.—DIMENSIONAL REQUIREMENTS FOR DEFORMED STEEL BARS FOR CONCRETE 
REINFO ORCEMENT. 


| 


Spacipgand Heightso Maximum Gap 
P Nominal me Nominal ord of 12% 
Nominal Size, in. pay ey Diameter, a ——| Perimeter, per cent of 
3. in. Maximum in Nominal 
Average Minimum Perimeter), 
| Spacing, in. Height, in. ‘ | in. 
1 2 3 | 4 5 6 | 7 
Rounds: 
0.500 0.350 | 0.020 1.571 0.191 
0.875 0.612 0.044 2.749 0.334 
Squares | 
1.000 0.700 0.050 4.00 0.500 
1.125 0.787 0.056 4.50 0.562 
1.250 0.875 0.063 5.00 0.625 
Rounds having sections 
equivalent to sec- 
tions of the following 
squares:* 
1.270 0.889 0.064 3.990 0.487 
1.410 | 0.987 0.071 4.430 0 


* Certain rounds are rolled to sections equivalent to the sections of squares. The aed size shall be taken as th. 
diameter of plain rounds having the same area as the corresponding squares. 


Papers: 


Elastic Fracture Toughness Studies of Stainless 
Steel—Carl W. Muhlenbruch, presented by 
the author. 

The Influence of Conditions of Heat Treatment 
and Hot-Cold Work on the Properties of Low- 
Carbon N155 Alloy at Room Temperature 
and 1200 F—J. W. Freeman, E. E. Reynolds, 
D. N. Frey, and A. E. White, presented by Mr. 
Reynolds. 

~ Effect of Manufacturing Practice on Creep and 


Creep-Rupture Strength of Low-Carbon Stee] 
—G. V. Smith and E. J. Dulis, presented by 
Mr. Smith. 

The Effects of Temperature and Material Struc- 
ture on the Fracture Properties of Medium- 
Carbon Steel—Julius Miklowitz, presented 
from manuscript by Mr. M. J. Manjoine. 

The Time Delay for the Initiation of Plastic 
Deformation at Rapidly Applied Constant 
Stress—D. S. Clark and D. S. Wood, presented 
by title only. 


ELEVENTH SESSION—ELECTRICAL INSULATING MATERIALS, QUALITY CONTROL, 


TEXTILES, ADHESIVES, FUELS 
WEDNESDAY, JUNE 29, 1:30 P.m. 


Session Co-CHAIRMEN: A. W. GAUGER; Past-PRESIDENT H. J. BALL 


Committee D-3 on Gaseous Fuels: 


Report presented by A. W. Gauger, chairman, 
_and accepted as a report of progress. 
Committee D-5 on Coal and Coke: 


Report presented by W. A. Selvig, chairman, 
_and the following actions taken: 


Adopted as Standard: 

Drop Shatter Test for Coal (D 440 
vised. 

 Reaffirmation of Standards: 

Spec. for Gas and Coking Coals (D 166 - 24) 


48 T), as re- 


Spec. for Classification of Coals by Rank (D 388 
ay 


Spec. for Classification of Coals by Grade (D 389 
37) 

Test for Volume of Cell Space of Lump Coke (D 
167 — 24) 

Test for Cubic Foot Weight of Crushed Bitumi- 
nous Coal (D 291 — 29) 

Test for Cubic Foot Weight of Coke (D 292 - 29 

Test for Sieve Analysis of Coke (D 293 - 29) 

Method of Tumbler Test for Coke (D 294 - 29) 

Test for Size of Anthracite (D 310 —- 34) 

Test for Sieve Analysis of Crushed Bituminous 
Coal (D 311 — 30) 

Sampling Coke for Analysis (D 346 — 35) 

Test for Screen Analysis of Coal (D 410- 38) 

Test for Index of Pustiness of Coal and Coke 
(D 547 - 41) 


aye 
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Def. of Terms Relating to Coal and Coke (D 121 
- 30) 

Def. for Commercial Varieties of Bituminous 
and Subbituminous Coals (D 493 — 39) 


Committee E-11 on Quality Control of Ma- 
terials: 


Report presented in the absence of the chair- 
nan, by W. E. Deming, and accepted as a re- 
port of progress. 


Committee D-13 on Textile Materials: 


Report presented by H. J. Ball, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Methods of Core Sampling of Wool in Packages 
for Determination of Percentage of Hard 
Scoured Wool Content 

Spec. and Methods of Test for Asbestos Lap 

Testing Single Kraft Yarn 7 

Test for Stretch of Hosiery 

Test for Yarn Number of Yarn from Fabrics » 


Accepted as Tentative, Revisions in: 


Methods of Testing and Tolerances for Cotton 
Yarns (D 180 - 47 T) 

General Methods of Testing Cotton Fibers (D 
414-47 T) 

Methods of Testing and Tolerances for Glass 
Yarn (D 578 - 47 T) 

Test for Resistance of Textile Fabrics and Yarns 
to Insect Pests (D 582 - 45 T) 

Test for Evaluating Compounds Designed to In- 
crease Resistance of Fabrics and Yarns to In- 
sect Pests (D 627 - 41 T) 

Rec. Practice for Planning Interlaboratory Test- 
ing of Textile Materials (D 990 - 48 T) 

Def. of Terms Relating to Textile Materials (D 
123 - 48 T) 

Spec. and Methods of Test for Asbestos Yarns 
(D 299 48 T) 

Methods of Testing Felt (D 461 — 47) 


Spec. for Mechanical Roll Felt (D 944-49) 


Adopted as Standard: 


Test for Compatibility of Glass Yarn with In- 
sulating Varnish (D 886 - 46 T) 

Spec. for Mechanical Roll Felt (D 944 - 48 T) 

Methods for Identification of Fibers in Textiles 
(D 276-43 T), as revised. 

Def. of Terms Relating to Textile Materials (D 
123-48 T), definitions of ten terms 


It was announced that the committee had 
withdrawn from the report as preprinted, the 
‘ecommendation for adoption as standard of the 
Tentative Specifications and Methods of Test for 
Fineness of Wool Tops (D 472 - 47 T) and the 


Tentative Methods of Test for Fineness of Wool 
(D 419 - 47 T). 


Adopted as Standard, Revisions in: 

General Methods of Testing Woven Textile Fab-— 
rics (D 39 — 39) 

Spec. for Textile Testing Machines (D 76 - 47) 

Methods of Testing Felt (D 461 - 47) ’ 

Testing and Tolerances for Woven Glass Fabrics y 
(D 579 - 47) 

Methods of Testing and Tolerances for Woven 
Glass Tubular Sleeving and Braids (D 581 - 
Hy 

Methods of Testing and Tolerances for Woven » 
Glass Tapes (D 580 - 47) 

Spec. and Methods of Test for Asbestos Tape for _ 
Electrical Purposes (D 315 — 44) 7 

Spec. and Methods of Test for Asbestos Roving — 
for Electrical Purposes (D 375 - 44) ; 

Method of Test for Fiber Length of Wool (D 519 
- 40) 

of Testing and Tolerances for Single 


Jute Yarn (D 541 - 41) 


Withdrawal of Standard and Tentatives: 


Test for Strength of Rayon and Estron Woven — 
Fabrics When Wet (D 415 — 38) 

Spec. for All Wool, All Cotton, and Wool and 
Cotton Blanketing (Household) (D 576-40 
T) 

Spec. for Medium-Weight Cotton Corduroy Fab- — 
rics (D 625 - 41 T) 

Spec. for Finished, All-Cotton, Upholstery — 
Tapestries (D 678 - 42 T) 


Reaffirmation of Standards: 


Spec. and Methods of Test for Tire Fabrics 
Other than Cord Fabrics (D 122 - 37) 

Spec. and Methods of Test for Certain Heavy 
Cotton Fabrics for Manufacture of Hose and 
Belting (D 181 - 42) 

Methods of Testing and Tolerances for Certain 
Light and Medium Weight Cotton Fabrics 
(D 274 - 36) 

Method of Determining Relative Humidity (D 
337 — 34) 

Methods of Testing and Tolerances for Tubular 
Sleeving and Braids (D 354 - 41) 

Spec. and Methods of Test for Holland Cloth 
(D 376 — 35) 

Methods of Testing Pile Floor Covering (D 418 
42) 

Test for Resistance to Yarn Slippage in Silk, 
Rayon, and Estron Woven Fabrics (D 434 - 
42) 

Test for Shrinkage in Laundering of Woven Cot- 
ton Cloth (D 437 — 36) 

Methods of Testing and Tolerances for Yarns 
Spun from Mixed Fibers (D 508 — 43) 

Methods of Testing Woven Asbestos Cloth (D 
577 - 42) 
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Committee D-12 on Soaps and Other De- Accepted as Tentative, Revisions in: 
tergents: 


Test for Electrical Resistance of Insulating Ma. 
Report presented in the absence of the chair- terials (D 257-46) . 

_man, by P. J. Smith and the following actions Spec. for Phenolic Molding Compounds (D 70 

~ taken: -45T), jointly with Committee D-20 wit 


an addition to Section 6(j) as given unde, 
_ Adopted as Standard: Committee D-20 


Spec. for Laminated Thermosetting Materi 

Total Immersion Corrosion Test of Water-Solu- pe — ’ & Materials 

ble Aluminum Cleaners (D 930-47), asre- (D 709-487), jointly with Committee 

ohel Spec. for Vulcanized Fiber Sheets, Rods, and 

- Method of Sampling and Chemical Analysis of aD Used for Electrical Insulation (D 710- 

(D 501 - 

Borex (D S01 ~ 487) Spec. for Nonrigid Vinyl Chloride Plastics (D 

Adopted as Standard, Revisions in: 744 -44T), subject to concurrence of Com. 


~~ aan ne Methods of Testing Vulcanized Fiber Used for 
: Electrical Insulation (D 619 - 46 T) 
Editorial Changes Accepted in: Test for Flexural Properties of Plastics (D 790- 
1 > a ae ane . Bar Soap (D 497 - 39) nished Cloth Tapes Used in Electrical Insula- 


tion (D 295 - 47 T) 
yt ry ga (Nonalkaline Soap Methods of Sampling and Testing Untreated 


Spex for White Floating Toilet Soap (D 499 - pa Used in Electrical Insulation (D 202- 
; Methods of Conditioning Plastics and Electrical 
(Type A Insulating Materials for Testing (D 618-4 
Type B, Blended) (D 535 - 41) 
. Methods of Testing Laminated Tubes Used in 
A, Straight; lectrical Insulation (D 348 - 46) 
Methods of Testing Laminated Round Rods 
A, Straight; Used in Electrical Insulation (D 349 46) 
ype B, Blende - 
Spec. for Salt-Water Soap (D 593 — 42) ; 
Spec. for Olive Oil Chip Soap (Type A, Straight; | 4@opted as Standard: 
Type B, Blended) (D 630 - 42) 
Chip Soap (with Rosin) (D Lime-Glass Insulators (D 730-46 T) 

S fe 4 a Spec. for Natural Block Mica and Mica Films 
gee h Rosin) (D a Suitable for Use in Fixed Mica-Dielectric 
ted, with Rosin) -~*) Capacitors (D 748 - 47 T) | 
Committee D-9 on Electrical Insulating ‘Spec. for Enclosures for Small Testing Machines 

Materials: for Tests at Subnormal and Supernormal Tem- 

: peratures of Electrical Insulating Materials 

Report presented by C. T. Hatcher, chair- and Plastics (D 760 - 44 T), jointly with Con- 
man, and the following actions taken: mittee D-20 


Spec. for Low and Medium Voltage Pin-Type 


- “ae Spec. for Servicing Units for Tests at Subnormal 

Accepied os Tentative: Supernormal Temperatures of Electrica 
Rec. Practice for the Purchase of Uninhibited Insulating Materials and Plastics (D 761-4 

Mineral Oil for Use in Transformers and in T), jointly with Committee D-20 

Oil Circuit Breakers Spec. for Communication and Signal Pin-Type 
Methods of Testing Glass Bonded Mica Used as Lime-Glass Insulators (D 879 - 46 T) 

Electrical Insulation Test for Dielectric Strength of Insulating Oil o 
Test for the Aqueous Extract Conductivity of Petroleum Origin (D 877 — 46 T) 

Paper Used in Electrical Insulation, to be in- Test for Inorganic Chlorides and Sulfates in In- 

corporated as part of Methods D 202 sulating Oil (D 878 - 46 T) 
Rec. Practice for Maintaining Constant Relative | Methods of Sampling Electrical Insulating is 

Humidity by Means of Aqueous Solutions, (D 923 - 47 T) 

jointly with Committee D-20 Test for Power Factor and Dielectric Constat! 
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of Electrical Insulating Oils of Petroleum 
Origin (D 924 - 47 T) 


{dopted as Standard, Revisions in: 


Testing Sheet and Plate Materials Used in Elec- 
trical Insulation (D 229-46), revision of 
Rockwell hardness method 

Testing Pasted Mica Used in Electrical Insula- 
tion (D 532 — 39) 


Committee D-14 on Adhesives: 


Report presented by F. W. Reinhart, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Test for Cleavage Strength of Metal-to-Metal 
Adhesives 


Adopted as Standard: 


Test for Tensile Properties of Adhesives (D 897 
- 46 T) 

Test for Peel or Stripping Strength of Adhesives 
(D 903 ~ 46 T) 

Test for Strength Properties of Adhesives in 
Shear by Compression Loading (D 905 - 47 T) 

Test for Strength Properties of Adhesives in Ply- 
wood Type Construction in Shear by Tension 
Loading (D 906 - 47 T) 


It was announced that Committee D-14 had 
approved by letter ballot, previous to the Annual 
Meeting, the revision, not preprinted, of the 
above tentatives being recommended for adop- 
tion as standard, to conform with the standard 
laboratory atmosphere in accordance with that 
specified in the Tentative Definitions with Pro- 
cedures Relating to Conditioning and Weather- 
ing (A.S.T.M. Designation: E 41). 


Committee C-19 on Structural Sandwich — 


Constructions: 


Report presented from manuscript by A. G. 
H. Dietz, chairman, and accepted as a report of 
progress. 


Papers: 


Some Problems in the Sampling of Bulk 
Materials—Louis Tanner and W. Edwards 
Deming, presented by Mr. Tanner. 

Evaluation of Mineral Transformer Oil During 
Service—Frank M. Clark, presented by Mr. 
E. A. Snyder. 

Fatigue Tests Under Axial Loads of Aluminum 
Joints Bonded with Cycleweld Adhesive—Wil- 
liam N. Findley, Bernard A. Century, and C. 
P. Hendrickson, presented from manuscript 
by Mr. Findley.® 


A 


WEDNESDAY, JUNE 29, 7:30 P.M. 


Another innovation of the Annual 
Meeting this year was the absence of any 
business functions or addresses at the 
Annual Dinner which was Sponsored by 
the Philadelphia District. Following an 
excellent meal there was provided a fine 


program of entertainment that had been 
underwritten by members and friends of 
the Society in the Philadelphia District. 


Approximately 275 members and guests 


attended. 


TWELFTH SESSION—SYMPOSIUM ON EVALUATION TESTS FOR STAINLESS STEELS 


Tuurspay, JUNE 30, 9:30 a.m. 


SESSION CHAIRMAN: F. L. LA Que 


Committee A-10 on Iron-Chromium, Iron- 
Chromium-Nickel, and Related Alloys: 


Report presented by Jerome Strauss, chair- 


man, and the following actions taken: x 


Accepted as Tentative, Revisions in: 


Spec. for Corrosion-Resistant Iron-Chromium 
and Iron-Chromium-Nickel Alloy Castings for 
General Application (A 296 - 46 T) 

Spec. for Heat-Resistant Iron-Chromium and 


Iron-Chromium-Nickel Alloys for General Ap- 
plication (A 297 - 46 T) 

Spec. for Hot-Rolled and Cold-Finished Corro- 
sion-Resisting Steel Bars (A 276 — 44 T), delet- 
ing the paragraph relating to tensile strength 
for types 410, 416, and 430, as preprinted. 


Adopted as Standard, Revisions in: 


Spec. for Corrosion-Resisting Chromium Steel 


Plate, Sheet, and Strip (A176-44) 


Publication pending. 
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Spec. for Corrosion-Resisting Chromium and 
Chromium Nickel Steel Plate, Sheet, and Strip 
for Fusion Welded Unfired Pressure Vessels 
(A 240 — 44), deleting all references pertaining 


to the addition of a new grade “R,” as pre- 
printed. 


Symposium on Evaluation Tests for Stain- 


less Steels :* 
Present Knowledge of Low-Carbon 18-8—H. W. 


Gillett, presented by Mr. H. C. Cross 
Corrosion Resistance and Mechanical Properties 
of Low-Carbon Austenitic Stainless Steels— 


D. C. Buck, J. J. Heger, F. J. Phillips, and 
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B. R. Queneau, presented from manuscript | 
Mr. Buck. 
Accelerated Corrosion Testing of Chromiyy 
Nickel Stainless Steel Weldments—F, x 
Bloom and M. E. Carruthers, presented fron 
manuscript by Mr. Carruthers. 
An Appraisal of Methods for Evaluating the Co, 


rosion Resistance of Stainless Steels—M, 4 


Brown, W. B. DeLong, and W. R. Myers, pre 
sented from manuscript by Mr. Brown. 


Some Observations on Tests for Intergranulg 


Susceptibility of 18-8 Mo Stainless Steels 
Hilmer Ebling and M. A. Scheil, present 
from manuscript by Mr. Ebling. 


[Symposium continued in Fifteenth Session) 


SESSION CHAIRMAN: Past- 


Committee B-5 or. Copper and Copper Alloys, 
Cast and Wrought: 


Report presented by V. P. Weaver, secretary, 
and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Cartridge Brass Sheet, Strip, Plate, 
Bar, and Disks (B 19 - 47 T) witha correction 
in Item 2 of Section 14 (d), as preprinted, in 
which the first part of the sentence is changed 

- to read as follows: ‘‘When specific or stock 

lengths are ordered with ends,” 

Spec. for Naval Brass Rods, Bars, and Shapes 
(B 21-48 T) 

Spec. for Brass Plate, Sheet, and Strip (B 36 - 48 
T) 

Spec. for Seamless Copper Tubes (B 75 — 48 T) 

Spec. for Leaded Brass Plate, Sheet, and Strip 
(B 121-47 T) 

Spec. for Copper-Nickel-Zinc and Copper-Nickel 
Alloy Plate, Sheet, and Strip (B 122 - 48T) 
with further revision,®* consisting of the sub- 
stitution of “Copper plus sum of named ele- 
ments, 99.5 per cent,” for “Copper Remain- 
der” for alloys 5, 6, and 7 

Spec. for Cartridge Brass Cartridge Case Cups 
(B 129 —- 47 T) 

Spec. for Gilding Metal Strip (B 130 - 47 T) 

Spec. for Gilding Metal Bullet Jacket Cups (B 
131-47 T) 

Spec. for Copper Rods, Bars, and Shapes (B 133 
- 48 T) 

Spec. for Miscellaneous Brass Tubes (B 135 - 47 
T) 


8¢These recommendations, not preprinted, were 
accepted subject to confirming letter ballot of committee 
B-5, which ballot has been favorable. 


THIRTEENTH SESSION—NON-FERROUS METALS 
Tuurspay, JoNE 30, 11 


PRESENT J. R. TOWNSEND 


Spec. for Phosphor Bronze Rods, Bars, and 
Shapes (B 139-48), further revised 
deletion of “copper remainder” in the table 
for chemical requirements 

Spec. for Aluminum Bronze Rods, Bars, an 
Shapes (B 150 - 48 T) 

Spec. for Copper-Nickel-Zinc Alloy Rods an 
Bars (B 151 - 48 T) 

Spec. for Copper Sheet, Strip, and Plate (B 152 
- 48 T) 

Spec. for Phosphor Bronze Wire (B 159 - 47T), 
further revised’* by deletion of “copper re- 
mainder” in the table for chemical require: 
ments 

Spec. for Aluminum Bronze, Plate, Sheet, and 
Strip (B 169 - 47 T) 

Spec. for Copper Bus Bars, Rods, and Shapes 
(B 187 - 48 T) 

Spec. for Copper Bus Pipes and Tubes (B 188- 
47 T) 

Spec. for Beryllium-Copper Alloy Plate, Sheet, 
and Strip (B 194 - 47 T) 

Spec. for Beryllium-Copper Alloy Strip, Special 
Grade (B 195 — 47 T), further revised®* by de- 
letion of footnote a in section 4 

Spec. for Beryllium-Copper Alloy Rod and Bar 
(B 196 —- 48 T) 


Spec. for Beryllium-Copper Alloy Wire (B 197 - 


47 T) 
Spec. for Copper-Nickel-Zinc Alloy Wire (B 206 
-47 T) 
Rec. Practice for Preparing Tension Test Spec 
mens for Copper-Base Alloy Castings (B 208- 
467), with a substitution of Fig. 3 of Rec. 
Practice B 208 - 46 T for Fig. 4 in the revised 
' & B 208 as appearing in the preprinted report 


al 


pec. for Copper Rods for Locomotive Staybolts 
B 12 - 47) 

sec, for Free-Cutting Brass Rod and Bar for 
Use in Screw Machines (B 16 - 47) 

‘ec. for Copper-Silicon Alloy Rods, Bars, and 
Shapes (B 98 - 47) 

‘ec, for Manganese Bronze Rods, Bars, and 
Shapes (B 138 - 48) 

‘ec. for Leaded Red Brass (Hardware Bronze) 
Rods, Bars, and Shapes (B 140 - 47) 


tdopted as Standard: 


sec. for Bronze Castings for Turntables and 
Movable Bridges and for Bearing and Expan- 
ion Plates of Fixed Bridges (B 22 - 47 T), as 
revised 


jopted as Standard, Revisions in: 


ec. for Copper Plates for Locomotive Fire- 
boxes (B 11 47) 
ec. for Copper Rods for Locomotive Staybolts 
12 - 47) 

ec. for Seamless Copper Boiler Tubes (B 13 - 

41) 

ec. for Seamless Brass Boiler Tubes (B 14- 

18) 

ec. for Free-Cutting Brass Rod and Bar for 

Use in Screw Machines (B 16 - 47) 

ec. for Copper-Base Alloys in Ingot Form for 

Sand Castings (B 30 - 48) 

ec. for Copper Pipe, Standard Sizes (B 42 - 

47) 

pec. for Red Brass Pipe, Standard Sizes (B 43 - 

47) 

‘pec. for Steam or Valve Bronze Castings (B 61 - 

46) 

‘pec. for Composition Brass or Ounce Metal 

Castings (B 62 - 46) 

‘pec. for Bronze Castings in the Rough for Loco- 

motive Wearing Parts (B 66 — 46) 

spec. for Car and Tender Journal Bearings, 

Lined (B 67 — 46) 

pec. for Seamless Copper Tubing, Bright An- 

nealed (B 68 - 47) 

pec. for Copper Water Tube (B 88 - 48) with 
the revision in Section 15, as preprinted, cor- 
rected to read “... ‘5’ to read ‘7’.” 

ec. for Copper-Silicon Alloy Plate and Sheet 
for Pressure Vessels (B 96 — 47) 

ec. for Copper-Silicon Alloy Plate, Sheet, and 
Strip for General Purposes (B 97 - 47) 

xc. for Copper-Silicon Alloy Rods, Bars, and 
Shapes (B 98 - 47) 

pec. for Copper-Silicon Alloy Wire for General 
Purposes (B 99 - 47) 

‘ec. for Rolled Copper-Alloy Bearing and Ex- 
pansion Plates and Sheets For Bridge and 
Other Structural Uses (B 100 - 47) further re- 
visedS* by deletion of “copper remainder” for 
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alloy No. 2 in the table for chemical require- 
ments 

Spec. for Phosphor Bronze Plate, Sheet, and 
Strip (B 103 - 47) further revised®* by deletion 
of “copper remainder” in the table for chemi- 
cal requirements 

Spec. for Copper and Copper-Alloy Seamless 
Condenser Tubes and Ferrule Stock (B 111 - 
48) with the same revision®* for aluminum 
bronze and copper-nickel alloys as given above 
for Spec. B 122. 

Spec. for Copper and Copper-Base Alloy Forg- 
ing Rods, Bars, and Shapes (B 124 - 48), with 
a correction in the table in Section 4 in the 
nickel content of alloy No. 11b from “4.0 to 
11.0” to read “4.0 to 5.5,” and the addition of 


Oo the following: “For alloy No. 12, delete 99.90 
in the column headed ‘Sum of Named Ele- 
ie ments, min., per cent.’” For alloy No.7, change 


the zinc limit from ‘‘1.7’’ to read “11.5 max. 
per cent.” 

Spec. for Leaded High-Strength Yellow Brass 
(Manganese Bronze) Sand Castings (B 132 - 
48) 

Spec. for Brass Wire (B 134 - 48) 

Spec. for Manganese Bronze Rods, Bars, and 
Shapes (B 138 — 48) 

Spec. for Leaded Red Brass (Hardware Bronze) 
Rods, Bars, and Shapes (B 140 - 47) 

Spec. for Tin-Bronze and Leaded Tin-Bronze 
Sand Castings (B 143 — 48) 

Spec. for High-Leaded Tin-Bronze Sand Cast- 
ings (B 144 - 48) 

Spec. for Leaded Red Brass and Leaded Semi- 
Red Brass Sand Castings (B 145 - 48) 

Spec. for Leaded Yellow Brass Sand Castings for 
General Purposes (B 146 — 48) 

Spec. for High-Strength Yellow Brass (Man- 
ganese Bronze) and Leaded High-Strength 
Yellow Brass (Leaded Manganese Bronze) 
Sand Castings (B 147 — 48) 

Spec. for Aluminum Bronze Sand Castings (B 
148 - 48) 


Spec. for Leaded Nickel-Brass (Leaded Nickel- | 
Silver) and Leaded Nickel-Bronze (Leaded | 


Nickel-Silver) Sand Castings (B 149 — 48) 
Spec. for Copper-Alloy Condenser Tube Plates 
(B 171-48) with the same revision®* for 


copper-nickel alloy as given above for Spec. B © 


122. For aluminum bronze, substitute “Copper 
plus sum of named elements, 99.5 per cent” 
for “Copper 78.0 min.” Delete the require- 
ment “Other impurities 0.5 max., per cent.” 

Spec. for Silicon-Bronze and Silicon-Brass Sand 
Castings (B 198 — 48) 


The committee recommends the following 
editorial changes in the report as preprinted:*¢ 
In the table of physical requirements of Tenta- 
tive Specifications B 21, B 133, B 139, B 150, 
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_ B 187, B 196, and of Standard Specifications 
B12, B 16, B 98, B 138, and B 140, change “Elon- 
_ gation in 4 X Diameter’’ to read: “Elongation 
in 4 X Diameter or Thickness of Specimen,”’ 
_with the footnote changed to read: “In any case a 


_ minimum gage length of 1 in. shall be used and 
_ in the case of rectangles, the width of the test 


specimens shall not be more than half the gage 
length.” 


Committee B-9 on Metal Powders and Metal 
Powder Products: 


Report presented by W. A. Reich, chairman, 
and the following action taken: 


Accepted as Tentative: 


Def. of Terms Used in Powder Metallurgy 


Committee B-2 on Non-Ferrous Metals and 
Alloys: 


Report presented by G. H. Le Fevre, secre- 
tary, and the following actions taken: 

Adopted as Standard: 

Spec. for White Metal Bearing Alloys (Known 
Commercially as “Babbitt Metal’) (B 23 48 
T) 

_ Spec. for Soft Solder Metal (B 32 - 48 T) 


Spec. for Fire-Refined Copper for Wrought Prod- 
ucts and Alloys (B 216-47 T) 


Adopted as Standard, Revisions in: 


Spec. for Slab Zinc (Spelter) (B 6-48) 
Spec. for Pig Lead (B 29 — 43) 


Reaffirmation of Standards: 


_ Spec. for Lake Copper Wire Bars, Cakes, Slabs, 
Billets, Ingots, and Ingot Bars (B 4 - 42) 

Spec. for Electrolytic Copper Wire Bars, Cakes, 
Slabs, Billets, Ingots, and Ingot Bars (B 5- 
43) 

Spec. for Nickel (B 39 — 22) 

Spec. for Rolled Zinc (B 69 — 39) 

Spec. for Lead-Coated Copper Sheets (B 101 - 
40) 

Spec. for Electrolytic Cathode Copper (B 115 - 
43) 


Committee B-6 on Die-Cast Metals and 


Alloys: 


Report presented by J. R. Townsend, chair- 
man, and the following action taken: 


Accepted as Tentative: 


Spec. for Zinc-Base Alloys in Ingot Form for Die 
Castings 


Committee B-1 on Wires for Electrical Con. 
ductors: 


Report presented by W. R. Hibbard, vice. 
chairman, and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Rope-Lay-Stranded Copper Conduc 
tors Having Bunch-Stranded Members, {fo 
Electrical Conductors (B 172 - 45 T) 

Spec. for Rope-Lay-Stranded Copper Condyc. 
tors Having Concentric-Stranded Member 
for Electrical Conductors (B 173 - 47 T) 

Spec. for Bunch-Stranded Copper Conductors 
for Electrical Conductors (B 174 - 45 T) 

Spec. for Hard-Drawn Aluminum Wire for Elec. 
trical Purposes (B 230-48 T), with further 
revisions in Sections 6(c), 8(b) (1) and Table 
I, changing the minimum wire size from 


“0.0180 in.” to “0.0105 in.” - 
Adopted as Standard: 
Test for Resistivity of Electrical Conductor Ma- 

terials (B 193 - 48 T) 

Spec. for Cored, Annular, Concentric-Lay. 
Stranded Copper Conductors (B 226-487) 

Spec. for Concentric-Lay-Stranded Copper 
Covered Steel Conductors (B 228 - 48 T) 

Spec. for Concentric-Lay-Stranded Copper and 
Copper-Covered Steel Composite Conductors 
(B 229 - 48 T), with a revision in Section 4 
(a), changing the maximum length of lay from 
“18” to “20” times outside diameter. 

Spec. for Rolled Aluminum Rods (EC Grade) for 
Electrical Purposes (B 233 - 48 T) 

Spec. for Concentric-Lay-Stranded Copper Con- 
ductors, Hard, Medium-Hard, or Soft (B8- 
48 T), as revised 

Spec. for Soft Rectangular and Square Bare Cop- 
per Wire for Electrical Conductors (B 48-48 
T), as revised 

Spec. for Hard-Drawn Copper-Covered Steel 
Wire (B 227 - 48 T), as revised 

Spec. for Concentric-Lay-Stranded Aluminum 
Conductors, Hard-Drawn (B 231-48 T), a 
revised 


Adopted as Standard, Revisions in: 


Spec. for Bronze Trolley Wire (B 9 - 46) 

Spec. for Copper Trolley Wire (B 47 - 46) 

Spec. for Figure-9 Deep-Section Grooved and 
Figure-8 Copper Trolley Wire for Industrial 
Haulage (B 116 - 46) 

Spec. for Hard-Drawn Copper Wire (B 1 - 47) 

Spec. for Medium-Hard-Drawn Copper Wire (8 
2 - 47) 

Spec.. for Hard-Drawn Copper Alloy Wires for 
Electrical Conductors (B 105 - 47) 
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revision is contemplated of the Tentative Speci- 
‘cations for Concentric-Lay-Stranded Alumi- 
ym Conductors, Steel-Reinforced (ACSR) (B 
232-48 T) through the Administrative Com- 
mittee on Standards to add a reference to a new 
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tentative for core wire to be submitted concur- 
rently to the Standards Committee. 
Committee E-2 on Spectrographic Analysis: 


Report presented from manuscript by B. F. 
Scribner, chairman, and accepted as a report of 


progress. 


Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products: 


Report presented by W. T. Pearce, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Test for Acetone Number of Heat-Bodied Dry- 
ing Oils 

Test for Bituminous Emulsions Intended for Use 
as Protective Coatings for Metal 

Test for Night Visibility of Traffic Paints 

Test for Aniline Point and Mixed Aniline Point 
of Hydrocarbon Solvents 

Test for Total Nitrogen in Resins for Surface 
Coatings 

Method of Conducting Exterior Exposure Tests 
of Paints on Steel 


It was announced that the committee had 
withdrawn from the report as preprinted, the 
proposed Tentative Method of Test for Heptane 
Number of Hydrocarbon Solvents and the Ten- 
tative Method of Test for Determination of 
Kauri-Butanol Number of Hydrocarbon Sol- 
vents for further consideration. 


Accepted as Tentative, Revisions in: 


Test for 60-deg. Specular Gloss of Paint Finishes 
(D 523 - 48 T) 
Methods of Testing Drying Oils (D 555 - 47) 


Adopted as Standard: 


“= for Pure Para Red Toner, Light (D 475 - 
T) 
: for Pure Toluidine Red Toner (D 656 - 48 


= hag Copper Phthalocyanine Blue (D 963 - 
) 


Spec. for Aluminum Pigments, Powder and 
Paste, for Paints (D 962 - 48 T) 

Test for Phthalic Anhydride Content of Alkyd 

Resins and Resin Solutions (D 563 - 47 T) 


FOURTEENTH SESSION—PAINT, NAVAL STORES, WOOD, APPEARANCE 
Tuurspay, JuNE 30, 11 A.M. 


SESSION CHAIRMAN: VICE-PRESIDENT L. J. MARKWARDT 


Adopted as Standard, Revisions in: 


Spec. for Dry Bleached Shellac (D 207 - 35) 

Spec. for Zinc Yellow (Zinc Chromate) (D 478 - 
47) 

Methods of Sampling and Testing Lacquer Sol- 
vents and Diluents (D 268 - 48) 

Spec. for Tricresyl Phosphate (D 363 — 46) 


Editorial Changes Accepted in: 


Test for Spectral Characteristics and Color of 
Objects and Materials (D 307 - 44) 

Spec. for Acetone (D 329 33) 

Spec. for Amy] Alcohol (Synthetic) (D 319 — 40) i 

Spec. for Amy] Acetate (Synthetic) (85 to 88 per 
cent Grade) (D 318 - 39) 

Spec. for Amyl Acetate Made from Fusel Oil (85 — 
to 88 per cent Grade) (D 554 — 39) 

Spec. for Butanol (Normal Butyl Alcohol) (D | 
304 45) 

Spec. for Normal Butyl Acetate (88 to 92 per 
cent Grade) (D 303 — 40) 

Spec. for Butyl Propionate (90 to 93 per cent — 
Grade) (D 320-40) 

Spec. for Dibutylphthalate (D 608 — 43) 

Spec. for Ethyl Acetate (85 to 88 per cent Grade) _ 
(D 302 — 33) 

Spec. for Ethyl Lactate (Synthetic) (D 321 - 40) 

Spec. for Ethylene Glycol Monoethyl Ether (D 
331 - 35) 

Spec. for Acetate Ester of Ethylene Glycol 
Monoethy! Ether (95 to 96 per cent Grade) 


(D 343 - 35) 
Spec. for Ethylene Glycol Monobutyl Ether (D- 
330 — 35) 
Spec. for Isopropyl Acetate (D 657 - 44) 
Spec. for Isopropyl Alcohol (D 770 - 46) 
Spec. for Methyl Ethyl Ketone (D 740 - 46) 
Committee D-7 on Wood: 
Report presented by L. J. Markwardt, chair- 
man, and the following actions taken: 
Accepted as Tentative: 
Spec. for Creosoted End-Grain Wood Block 
Flooring for Interior Use 
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Spec. for Chromated Zinc Chloride 
Spec. for Tanalith 
Methods of Chemical Analysis of Chromated 
Zinc Chloride 
Methods of Chemical Analysis of Tanalith 
Methods of Static Tests of Wood Poles 
_ Test for Evaluating the Properties of Building 
Boards 
Def. of Terms Relating to Veneer and Plywood 


Accepted as Tentative, Revisions in: 


Spec. for Creosote-Coal-Tar Solution (D 391- 
36) 

_ Spec. for Zinc Chloride (D 432 - 39) 

- Methods of Chemical Analysis of Zinc Chloride 
(D 199 — 27) 


_ Adopted as Standard, Revisions in: 


Spec. for Creosote (D 390 - 36) 

Test for Distillation of Creosote (D 246 - 42) 

Test for Insoluble Matter in Creosote (D 367 - 
33) 

Methods of Testing Small Clear Specimens of 
Timber (D 143 - 48) 


Committee E-6 on Methods of Testing 
Building Constructions: 


Report presented, in the absence of the chair- 
man, by R. E. Hess, Assistant Executive Secre- 
tary, and accepted as a report of progress. 


Committee E-12 on Appearance: 


Report presented by R. C. Adams, vice-chair- 
man, and accepted as a report of progress. 


Committee D-17 on Naval Stores: 


Report presented by V. E. Grotlisch, chai: 
man, and the following actions taken: 


Accepted as Tentative: 


Test for Ash in Rosin 
Test for Iron in Rosin 
Test for Unsaponifiable Matter in Rosin 


Accepted as Tentative, Revisions in: 


Methods of Testing Tall Oil (D 803-44T 
deleting the revision of Section 31, as pre 
printed, and changing the revision of Sectior 
30 to read as follows: 

Section 30.—In line 2, delete the wor 
“modified,” and change the numeral “1” g 
the end of the formula to “2”; also delete th 
words “corrected (Note)” in the legend of | 
and the note at the end of this section. 

Test for Acid Number of Rosin (D 465 - 42) 

Test for Saponification Number of Rosin (D 464 
~ 42) 


Adopted as Standard: 


Methods of Sampling and Testing Pine Oil (D 
802 - 46 T), as revised. 

Methods of Testing Pine Tar and Tar Oil (D 85 
— 46 T), as revised. 


Editorial Changes Accepted in: 
Methods of Sampling and Grading Rosin (D 50 


Paper: 


Surface Preparation and R painting of Struc- 
tural Iron and Steel—Arnold J. Eickhoff, pre- 
sented from manuscript by the author. 


Committee A-6 on Magnetic Properties: 
Report presented by R. L. Sanford, chairman, 
and the following actions taken: 
Adopted as Standard: 
Spec. for Flat-Rolled Electrical Steel (A 310- 
47 T) 
Adopted as Standard, Revisions in: 


Methods of Testing Magnetic Materials (A 34 - 
48), with the following correction in Table I: 


FIFTEENTH SESSION—SYMPOSIUM ON EVALUATION TESTS FOR STAINLESS STEELS 
(Continued from Twelfth Session) 
Tuurspay, JUNE 30, 2 
SESSION CHAIRMAN: 


H. L. MAxweELi 


In the chemical composition for Alnicos 6 and 
12, values shown in the Tungsten column are 
actually titantium contents and should bes 
designated, with the value for Alnico 12 
changed from “3” to “8.” 

Test for Normal Induction and Hysteresis of 
Magnetic Materials (A 341 — 49) with the fol- 
lowing corrections: 

Figure 1.—Revise this figure to eliminate 
switch 3 and make corresponding editorial 
changes in the description of the basic circult 
in Section 4 (a). 

Section 5.—In Paragraphs (c), (d), (e), and 
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(f), designate theaccuraciesas “plusor minus”’ 
instead of “within.” 

In Paragraph (c) qualify the reference to 
“methods specified in Table I” by adding “for 
Hf greater than 1.0 oersted.” 

In Paragraph (d), in the first sentence, add 
“and excluding spirally wound cores” after 
the reference to Paragraph (c). 

Table I.—In the title, change “Appropriate” 
to “Practicable.” In the first column, insert 
“0.01 to 1.0” opposite “Burrows” and “0.1 to 
1.0” opposite “Fahy Simplex.” Delete the en- 
tire line designated “Full Range.” In the last 
column, opposite “Isthmus” change ‘1000 
andover’’ toread ‘‘1000 to 20,000” witha refer- 
ence to a footnote b which will read: “20,000 
obtained with a 1 cm. gap.” 

Test for Permeability of Feebly Magnetic Ma- 
terials (A 342 - 49) 

Test for Core Loss and Permeability of Magnetic 
Materials by Alternating Current Procedures 
(A 343 - 49), changing the title to read ‘“Test 
for Alternating Current Core Loss and Per- 
meability of Magnetic Materials.” 

Test for Electrical and Mechanical Properties 
of Magnetic Materials (A 344-49) 


Papers: 


This session was a continuation of the 
Symposium on Evaluation Tests for 
Stainless Steels. The papers presented 
at this session are listed below: 


Influence of Carbon and Molybdenum on the 
Intergranular Corrosion Resistance of Aus- 
tenitic Chromium-Nickel Steels With and 
Without Columbium—W. O. Binder and C. 
M. Brown, presented from manuscript by Mr. 
Binder. 

Comparative Corrosion Resistance of Stainless 
Steels in Various Acids—R. B. Mears, C. P. 
Larrabee, and C. J. Fetner, presented oom 
manuscript by Mr. Larrabee. 

Comparison of Plant Corrosion Test Results on 
Austenitic Stainless Steels with Results of 
Huey and Strauss Tests—H. O. Teeple, pre- 
sented from manuscript by the author. 

Results of Some Plant Corrosion Tests of 
Welded Stainless Steels—G. F. Comstock, 
presented by the author. 

Testing Multiple Specimens of Stainless Steels 
in a Modified Boiling Nitric Acid Test Appa- 
ratus—W. B. DeLong, presented from manu- 

script by the author. 


SIXTEENTH SESSION—PLASTICS ] 
THURSDAY, JUNE 30, 2 P.M. 


SESSION CHAIRMAN: ROBERT BuRNS 


Committee D-20 on Plastics: 


Report presented by B. L. Lewis, secretary, 
and the following actions taken: 


Accepted as Tentative: 


Test for Haze and Luminous Transmittance of 
Transparent Plastics 

Method for Measuring Changes in Linear Di- 
mensions of Plastics 

Test for Stiffness Properties of Nonrigid Plastics 
as a Function of Temperature by Means of a 
Torsional Test 

Test for Resistance of Transparent Plastics to 
Surface Abrasion, with a change in Section 
3 (a), as preprinted, revising the loads from 
“125 to 1000 G.” to read “250, 500, or 1000 
g.” Also in Paragraph (c), omit reference to 
wheel CS-8. Add durometer hardness require- 
ments for wheel CS-10 and CS-10 F. Also add 
anew Paragraph (d) describing the Abraser 
turntable to “rotate substantially in a plane 
with a deviation at a distance of 1/16 in. 
from its periphery of not greater than plus or 
minus 0.002 in.” 


Methods of Sampling and Testing Plasticizers 
Used in Plastics 

Rec. Practice for Transfer Molding of Specimens 
of Phenolic Materials 

Rec. Practice for Maintaining Constant Rela- 
tive Humidity by Means of Aqueous Solu- 
tions, jointly with Committee D-9 


Accepted as Tentative, Revisions in: 


Methods of Conditioning Plastics and Electrical 
Insulating Materials for Testing (D618 - 
47 T), jointly with Committee D-9 on Elec- 
trical Insulating Materials 

Test for Tensile Properties of Plastics (D 638 - 
46 T) 

Spec. for Molds for Test Specimens of Molding 
Materials Used for Electrical Insulation 
(D 647 - 45 T) 

Test for Repeated Flexural Stress (Fatigue) of 
Plastics (D 671 - 42 T) 

Test for Compressive Strength of Plastics 
(D 695 - 44 T) 

Spec. for Phenolic Molding Compounds (D 700 - 
45 T), jointly with Committee D-9, with the 
addition of the —_— clause to Section 6 (j) 
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as preprinted: “and conditioned in accordance 
with Procedure C of A.S.T.M. Method D 618 
(90 per cent relative humidity at 35 C. for 
96 hr.), and measured while still in the condi- 
tioned atmosphere. The voltage applied to the 
electrodes shall be 100 v. D-C. 1 min. after 
application of voltage.” 
Spec. for Polystyrene Molding Compounds 
(D 703 - 48 T) 
Spec. for Laminated Thermosetting Materials 
(D 709 ~ 48 T), jointly with Committee D-9 
Test for Flexural Properties of Plastics (D 790 - 
45 T), jointly with Committee D-9 
Def. of Terms Relating to Plastics (D 883- 
46 T), including only Part I, Definitions of 
Terms Relating to Plastics. Further considera- 
tion is being given to Part II, Code for Desig- 
nating Form of Specimen and Direction of 
Testing Plastics, for publication as a tentative 
recommended practice. 


Adopted as Standard: 
Spec. for Cellulose Nitrate (Pyroxylin) Plastic 
Sheets, Rods, and Tubes (D 701 - 46 T) 
Spec. for Enclosures for Small Testing Machines 
for Tests at Subnormal and Supernormal 
Temperatures of Electrical Insulating Mate- 
rials and Plastics (D 760 - 44 T), jointly with 
Committee D-9 
Spec. for Servicing Units for Tests at Subnormal 
and Supernormal Temperatures of Electrical 
Insulating Materials and Plastics (D 761 - 
44 T), jointly with Committee D-9 
Spec. for Cellulose Acetate Plastic Sheets 
(D 786 —- 46 T) 
Test for Colorfastness of Plastics to Light 
(D 620 - 45 T) 
Test for Flammability of Plastics, Self-Extin- 
guishing Type (D 757 - 44 T) 
Test for Short-Time Stability at Elevated Tem- 
peratures of Plastics Containing Chlorine 
(D 793 - 44 T) 
Test for Acetyl and Butyryl Content of Cellulose 
Acetate Butyrate (D 817 - 44 T) 
‘Test for Ammonia in Phenol-Formaldehyde 
Molded Materials (D 834 - 45 T), as revised. 
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Rec. Practice for Determining Permanent Effect 
of Heat on Plastics (D 794 - 44 T) 

Rec. Practice for Accelerated Weathering oj 
Plastics Using S-1 Bulb and Fog Chamber 
(D 795 - 44 T) 

Rec. Practice for Molding Specimens of Phe. 
nolic Materials for Use in Electrical Tests 
(D 949 - 47 T) 

Rec. Practice for Molding Specimens of Phenolic 
Materials (D 796-48 T), as revised. 


Adopted as Standard, Revisions in: 


Spec. for Urea-Formaldehyde Molding Com. 
pounds (D 705 - 46) 


Reaffirmation of Standards: 


Test for Flammability of Plastics 0.050 in. and 
Under in Thickness (D 568 - 43) 

Test for Surfeve Irregularities of Flat Trans- 
parent Plastic Sheet (D 637 - 43) 


Papers: 


Impact Testing of Plastics—Elimination of the 
Toss Factor—Bryce Maxwell and L. F. Rahn, 
presented by Mr. Maxwell.® 

Flexure Testing of Plastic Materials—J. W. 
Westwater, presented by the author. 

Damping and Resonant Load-Carrying Capac- 
ities of Polystyrene and Other High Polymers 
—J. A. Sauer and W. J. Oliphant, presented 
by Mr. Sauer. 

The Creep Chayacteristics of Compression 
Molded Polyethylene—G. R. Gohn, J. D. 
Cummings, and W. C. Ellis, presented by Mr. 
Gohn. 

Five Plastic Laminates Under Fatigue, Creep, 
and Static Loads—William N. Findley and 
W. J. Worley, presented from manuscript by 
Mr. Findley.5 

The Effect of Temperature on the Creep and 
Recovery of a Glass Fabric Laminate Molded 
with a Melamine Resin—William J. Worley 
and W. N. Findley, presented from manu- 
script by Mr. Findley.® 

Creep-Time Relations for Polystyrene Under 

Tension, Bending, and Torsion—J. Marin 

and G. E. Cuff, presented by Mr. Marin. 


SESSI 


Committee D-4 on Road and Paving Ma- 
terials: 


Report presented by F. H. Baumann, chair- 
man, and the following actions taken: 
It was announced that the committee con- 


SEVENTEENTH SESSION—SYMPOSIUM ON ACCELERATED DURABILITY TESTING 
OF BITUMINOUS MATERIALS 


THurspay, June 30, 2 p.m. 


ON CHAIRMAN: 


y 


curred with Committee C-9, in recommending 
the publication as tentative of the Method of 
Test for Soft Particles in Coarse Aggregates, 
appended to the Report of Committee C-9. 


* Published in ASTM Butretin, No. 161, October, 
1949, p. 44. 


C. A. CARPENTER 
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FIFTY-SECOND ANNUAL MEETING 

Accepled as Tentative, Revisions in: Methods of Testing Preformed Expansion a 
Methods of Sampling Bituminous Materials Fillers for Concrete (Nonextruding and Re- 


(D 140 — 48 T) silient Types) (D 545 - 48) 
spec. for Hot-Mixed, Hot-Laid Asphaltic Con- Withdrawal of Standards: _ 


crete for Base and Surface Courses (D 947 - 
48T) Test for Penetra‘‘on of Bituminous Materials 


. for Asphaltic Mixtures for Sheet Asphalt (D 5 - 25) 
yl (D 978 - 48 T) , Spec. for Medium-Setting Emulsified Asphalt 
Methods of Sampling Bituminous Paving Mix- (for Retread and Coarse Aggregate Mixes) 
tures (D 979-48 T) (D 398 — 39) 
Spec. for Bituminous Paving Plant Require- Spec. for Medium-Setting Emulsified Asphalt — 
ments (D 995 - 48 T) (Heavy Premix-Summer Grade) (D 399 - 39) 
Test for Abrasion of Coarse Aggregate by Use Spec. for Quick-Setting Emulsified Asphalt (for 
of the Los Angeles Machine (C 131-47), Penetration and Surface Treatment) (D 401 - 
jointly with Committee C-9 on Concrete and 40) 
Concrete Aggregates Spec. for Slow-Setting Emulsified Asphalt (for 
Def. of Terms Relating to Materials for Roads Fine Aggregate Mixes) (D 631-46) 
and Pavements (D 8 - 46) Spec. for Sand for Sheet Asphalt and Bituminous 
Concrete Pavements (D 162-29) 
Adopted as Standard: Spec. for Medium-Setting Emulsified Asphalt 


Spec. for Emulsified Asphalt (D 977 - 48 T) (for Coarse Aggregate Plant Mixes) (D 397 - 


Test for Moisture-Density Relations of Soils 39) 
(D 698-42 T), subject to approval of Com- —Reaffirmation of Standards: 


mittee D-18 on Soils for Engineering Purposes % zs 
Test for Penetration of Bituminous Materials Test for Abrasion of Rock by Use of the Deval 


(D5-47T), as revised. Machine (D 2 - 33) ; 
Test for Hot Extraction of Asphaltic Materials Test for Toughness of Rock ac 3-18) 
and Recovery of Bitumen by the Modified Test for Distillation of Tar Products Suitable 


Abson Procedure (D 762-47 T), as revised. for Road Treatment (D 20-30) 


Test for Softening Point of Bituminous Materials 
Adopled as Standard, Revisions in: (Ring-and-Ball Method) (D 36-26) 
Test for Softening Point of Tar Products (Cube- 
in-Water Method) (D 61 - 38) 
Test for Specific Gravity of Road Oils, Road 
Tars, Asphalt Cements, and Soft Tar Pitches 


Def. of Terms Relating to Materials for Roads 
and Pavements (D 8 - 46) 

Test for Amount of Material Finer Than No. 
200 Sieve in Aggregates (C 117 - 48), jointly ze 
with Committee C-9 (D 70 27) ‘ 

Test for Specific Gravity of Asphalts and Tar 

Method of Float Test for Bituminous Materials ‘tches Sufficiently Solid be Handled i 
(D 139 - 27) Pitches Sufficiently id to be Handled in 


Test for Distillation of Cut-Back Asphaltic  Fements (D 71-27) 


Products (D 402 - 48), changing the addition Editorial Changes Accepted in: 
of the note from Section 7 (e) to Section 1. Test for Softening Poi f Bi ‘ Mat 
Spec. for Standard Sizes of Coarse Aggregate 


rials (Ring-and-Ball Method) (D 36-26) 
ond Test for Softening Point of Tar Products (Cube- 
Gravel for Bituminous Concrete Base and in-Water Method) (D ol ~ 38) , 
Surface Courses of Pavements (D 692-47) Test for Ductility of Bituminous Materials 

Spec. for Crushed Stone and Crushed Slag for (D 113 - 44) 

Zituminous Macadam Base and Surface 
Courses of Pavements (D 693 - 44) 

Spec. for Crushed Stone, Crushed Slag, and 
Gravel for Water-Bound Macadam Base and Report presented by E. E. Berger, vice-chair- 
Surface Courses of Pavements (D 694-44) man, and the following actions taken: 

Methods of Testing Emulsified Asphalts . 

(D 244 - 42), jointly with Committee D-8 on 440Pted as Standard: 
Bituminous Waterproofing and Roofing Ma- Spec. for Asphalt for Dampproofing and Water- 
terials proofing (D 449 - 47 T) 

Spec. for Preformed Expansion Joint Fillers for Spec. for Coal-Tar Pitch for Steep Built-Up 

Concrete (Nonextruding and Resilient Types, . Roofs (D 654 — 42 T) 


(D 544-48) Methods of Sampling Bituminous Materials 


Committee D-8 on Bituminous Water- 
proofing and Roofing Materials: 
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a SUMMARY OF PROCEEDINGS 


(D 140 - 48 T), as revised, subject to approval 
Committee D-4 


Adopted as Standard, Revisions in: 


Methods of Testing Emulsified Asphalts 
(D 244-42), jointly with Committee D-4 


Reaffirmation of Standards: 


Spec. for Primer for Use with Asphalt in Damp- 
proofing and Waterproofing (D 41 - 41) 

Spec. for Creosote for Priming Coat with Coal- 
Tar Pitch in Dampproofing and Waterproofing 
(D 43 - 41) 

Spec. for Coal-Tar Pitch for Roofing, Damp 
proofing, and Waterproofing (D 450 - 41) 
Spec. for Asphalt Mastic for Use in Water- 
proofing (Asphalt Cement, Mineral Filler, 

Mineral Aggregate) (D 491 — 41) 

Spec. for Bituminous Grout for Use in Water- 
proofing Above Ground Level (D 170-41) 
Spec. for Bituminous Grout for Use in Water- 
proofing Below Ground Level (D 171 - 41) 
Methods of Testing Bituminous Mastics, Grouts, 

and Like Mixtures (D 147 - 41) 

Test for Steam Distillation of Bituminous Pro- 
tective Coatings (D 255 — 28) 

Test for Sieve Analysis of Granular Mineral 
Surfacing for Asphalt Roofing and Shingles 
(D 451 — 40) 

Test for Sieve Analysis of Nongranular Mineral 
Surfacing for Asphalt Roofing and Shingles 
(D 452 - 40) 

Testing Films Deposited from Bituminous Emul- 
sions (D 466 —- 42) 

Test for Coarse Particles in Mixtures of Asphalt 
and Mineral Matter (D 313 - 41) 


Editorial Changes Accepted in: 


Spec. for Bituminous Grout for Use in Water- 
proofing Above Ground Level (D 170-41) 


[Symposium Continued in Twentieth Session 


Spec. for Bituminous Grout for Use in Water. 
proofing Below Ground Level (D 171 - 41) 
Test for Coarse Particles in Mixtures of Asphalt 

and Mineral Matter (D 313 - 41) 
Spec. for Asphalt Roofing Surfaced with Poy. 
dered Talc or Mica (D 224 - 46 T) 


Symposium on Accelerated Durability Test. 
ing of Bituminous Materials:* 


A Review of Accelerated Test Methods for the 
Evaluation of Road Tars—E. O. Rhodes 
presented from manuscript by the author. 

Characteristics of Carbon Arc Light Sources for 
Accelerated Exposure Testing —W. W. Lozier 
M. R. Null, and F. T. Bowditch, presented 
from manuscript by Mr. Lozier. 

Behavior of Bituminous Road Materials Under 
Accelerated Exposure Conditions and Labo- 
ratory Heat Tests—Richard H. Lewis, pre- 
sented from manuscript by the author. 

Accelerated Weathering of Road Tars—E. W 
McGovern, presented from manuscript by 
the author. 

Immersion-Compression ‘Tests Compared with 
Laboratory Traffic Tests on Bituminous Con- 
crete—A. T. Goldbeck, presented from manu- 
script by the author. 

The Use of an Abrasion Test as a Measure of 
Durability of Bituminous Mixtures—John H. 
Swanberg and W. L. Hindermann, presented 
from manuscript by Mr. Swanberg. 

Test Methods for Performing Accelerated Dura- 
bility Tests on Asphalts—T. E. Stanton, 
presented from manuscript by Mr. V. H. 
Endersby. 


Committee C-7 on Lime: 


Report presented by W. C. Voss, chairman, 


and the following actions taken: - 

Adopted as Standard: 

Spec. for Normal Finishing Hydrated Lime 
(C 6-46 T) 

Spec. for Special Finishing Hydrated Lime 
(C 206 - 46 T) 

Spec. for Hydrated Lime for Masonry Purposes 
(C 207 - 46 T) 

Methods of Physical Testing of Quicklime and 
Hydrated Lime (C 110-45 T) 


EIGHTEENTH SESSION—CONCRETE, THERMAL INSULATING MATERIALS 


TuursDAY, JUNE 30, 8 P.M. 


SESSION CHAIRMAN: A. T. we 


Reaffirmation of Standards: 


Spec. for Quicklime for Structural Purposes 
(C 5-26) 

Spec. for Sand for Use in Plaster (C 35 - 39) 

Spec. for Quicklime and Hydrated Lime for 
Cooking of Rags in Paper Manufacture (C 45- 
25) 

Spec. for Quicklime for Sulfite Pulp Manufacture 
(C 46 - 27) 

Spec. for Hydrated Lime for Varnish Manu 
facture (C 47 - 27) 

Spec. for Quicklime and Hydrated Lime for Use 
in the Textile Industry (C 48-24) 
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Spec. for Quicklime and Hydrated Lime for 
Silica Brick Manufacture (C 49 - 42) 

Spec. for Quicklime and Hydrated Lime for 
Water Treatment (C 53-39) 

Spec. for Hydraulic Hydrated Lime for Struc- 
tural Purposes (C 141 - 42) 

Methods of Sampling, Inspection, Packing, and 
Marking of Quicklime and Lime Products 
(C 50 - 27) 


Committee C-16 on Thermal Insulating 
Materials: 


Report presented by B. A. Hollenbeck, vice- 
chairman, and the following actions taken: 


Accepted as Tentative: 


Test for Thermal Conductance and Trans- 
mittance of Built-Up Sections by Means of 
the Guarded Hot Box Method 


Editorial Changes Accepted in: 


Spec. for 85 per cent Magnesia Thermal Insu- 
lating Cement (C 193 — 48) 

Spec. for Asbestos Thermal Insulating Cement 
(C 194 — 48) 

Spec. for Mineral Wool Thermal Insulating 
Cement (C 195 - 48 T) 

Spec. for Expanded or Exfoliated Vermiculite 
Thermal Insulating Cement (C 196-48) 

Spec. for Diatomaceous Silica Thermal Insulat- 
ing Cement (C 197 — 48) 

Methods of Sampling and Mixing Thermal In- 
sulating Cement (C 163 - 44) 


Committee C-9 on Concrete and Concrete 
Aggregates: 


Report presented by K. B. Woods, chairman, 

and the following actions taken: _ 

Test for Bleeding of Concrete 

Test for Air Content of Freshly Mixed Concrete 
by the Pressure Method 

Test for Air-Entraining Admixtures for Con- 
crete 

Test for Comparing Concretes on the Basis of 
the Bond Developed with Reinforcing Steel 


Test for Soft Particles in Coarse Aggregates, 
jointly with Committee D-4 


Accepted as Tentative: 


Accepted as Tentative, Revisions in: 


Spec. for Waterproof Paper for Curing Con- 
crete (C 171 -42 T) 

Test for Abrasion of Coarse Aggregate by Use 
of the Los Angeles Machine (C 131-47), 


jointly with Committee D-4 ee Concrete (C 157-43) | 


Adopted as Standard: 


Method of Making and Curing Concrete Com- 
pression and Flexure Test Specimens in the 
Laboratory (C 192-47 T), as revised, with 
the following editorial corrections: 

Section 9.—Delete the words “For rela- 
tively dry mixes” from the preprinted revi- 
sion of this section. 

Section 12.—Correct the revised sentence, 
as preprinted, to read: “The cross-section of 
the flexure test specimens shall be not less 
than 6 by 6 in. for coarse aggregate 2 in. and 
under in nominal size.” 


Adopted as Standard, Revisions in: 


Method of Making and Curing Concrete Com- 
pression and Flexure Test Specimens in the 
Field (C 31 - 44) 

Methods of Securing, Preparing and Testing 
Specimens from Hardened Concrete for Com- 
pressive and Flexural Strength (C 42 - 44) 

Test for Flexural Strength of Concrete (Using 
Simple Beam With Third-Point Loading, 
(C 78 - 44) 

Test for Compressive Strength of Concrete 
Using Portions of Beams Broken in Flexure 
(C 116 - 44) 

Spec. for Concrete Aggregates (C 33 - 46) 

Test for Compressive Strength of Molded Con- 
crete Cylinders (C 39-44) 

Test for Amount of Material Finer than No. 200 
Sieve in Aggregates (C 117 — 48), jointly with 
Committee D-4 

Method of Measuring Length of Drilled Con- 


crete Cores (C 174-44) 
Withdrawal of Standard: ; 
Spec. for Sodium Silicate for Curing Concrete 
(C 111 — 36) 


Reaffirmation of Standards: 


Test for Unit Weight of Aggregate (C 29-42) 

Test for Voids in Aggregate for Concrete (C 30 - 
37) 

Test for Cement Content of Hardened Portland- 
Cement Concrete (C 85 - 42) 

Test for Flow of Portland-Cement Concrete by 
Use of the Flow Table (C 124 - 38) 

Test for Specific Gravity and Absorption of 
Coarse Aggregate (C 127 - 42) 

Test for Specific Gravity and Absorption of Fine 
Aggregate (C 128 - 42) 

Test for Clay Lumps in Aggregates (C 142- 
39) 

Slump Test for Consistency of Portland-Cement 
Concrete (C 143 — 39) 

Test for Volume Change of Cement Mortar an 
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SUMMARY OF 


Spec. for Lightweight Aggregates for Concrete 
(C 130-42) 

Accepted for Publication as Information Only: 

Def. of the Term Chert 


Sanford E. Thompson Award: 


Mr. Woods then presented the eighth 
Sanford E. Thompson Award to Leslie 
P. Witte, co-author with Richard C. 
Mielenz, Materials Engineer and Head 
Petrographic Laboratory, respectively, 
Bureau of Reclamation, United States 
Department of Interior, for their paper 
on ‘‘Tests Used by the Bureau of Re- 
clamation for Identifying Reactive Con- 
crete Aggregates,” published in the 1948 
Proceedings. Mr. Witte expressed appre- 
ciation for both himself and Mr. Mielenz 
who was unable to be present. This award 
was established in 1938 by Committee 


PROCEEDINGS 


C-9 on Concrete and Concrete Agere- 
gates as an annual token of recognition 
to the author or authors of a paper of 
outstanding merit on concrete and con- 
crete aggregates presented at an annual 
meeting of the Society. 


Papers: 

A Wetting and Drying Test for Predicting 
Cement-Aggregate Reaction—C. H. Scholer, 
presented by the author. 

Chemical Reactions of Indiana Aggregate in 
Disintegration of Concrete—Floyd O. Slate, 
presented by the author. 

Engineering Properties of Coral Reef Materials 
—C. Martin Duke, presented by the author. 

The Preparation of Concrete for Airport Run- 
ways—Inge Lyse, presented from manuscript 
by the author.’ 

The Design of Concrete Mixes Containing En- 
trained Air—Thomas H. Thornburn, brief 
summary of paper presented by Mr. D. L. 
Bloem. 


NINETEENTH SESSION—ROUND-TABLE DISCUSSION ON STANDARDS FOR WATER- 
BORNE WASTES 


Committee D-19 on Industrial Water: 


Report presented by Max Hecht, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Method of Sampling Steam 

Test for Acidity and Alkalinity in Industrial 
Water 

Test for Suspended and Dissolved Solids in 
Industrial Water 

Test for Iron in Industrial Water 


Accepted as Tentative, Revisions in: 


Test for Dissolved Oxygen in Industrial Water 
(D 888~46T), with a modification in the 
revised Fig. 1 to bring the dimensions into 

agreement with good glass-blowing practice 
and an editorial change in Section 5 (4) adding 
the following note: 
Note.—The end point may also be detected 
by means of “dead-stop”’ titration apparatus. 


Session Co-CHArRMEN: R. C. ApAMsS AND L. K. HERNDON 


THURSDAY, JUNE 30, 8 P.m. 


Add a footnote reference in the above note 
to the paper by R. C. Ulmer, J. M. Reynar, 
and J. M. Decker on “Applicability of the 
Schwartz-Gurney Method for Determining 
Dissolved Oxygen in Boiler Feedwater and 
Modification of the Method to Make It 
Especially Applicable in the Presence of Such 
Impurities as Are Encountered in Power 
Plants,” published in the 1943 Proceedings. 


Adopted as Standard: 
_ Methods of Sampling Water for Industrial Uses 


(D 510-47 T), as revised 

Test for Tendency of Boiler Water to Cause 
Embrittlement Cracking of Steel (D 807- 
48T), as revised 

Corrosion Tests in Industrial Waters (NDHA 


Method) (D 935-48 T), as revised 


7 Published in ASTM Buttetin, No. 161, October, 1949, 
. 48. 
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Test for Diente in Industrial Waters 
(D 858 - 48 T) 

Field Sampling of Water-Formed Deposits (D 
887 - 48 T) 

Method of Reporting Results of Chemical Anal- 
ysis of Water-Formed Deposits (D 933 - 47 T) 


Adopted as Standard, Revisions in: 


Method for Determination of the Chloride Ion 
in Industrial Waters (D 512 - 42) 

Method for Determination of the Sulfate Ion in 
Industrial Waters (D 516-42) 

Method of Reporting Results of Analysis of 
Industrial Waters (D 596-46) 


ANNUAL MEETING 


Round Table Discussion on Need for Stand- 


ards for Examination of Water-Borne 
Industrial Wastes :* 


The Need for Standards for the Inspection of 


Water-Borne Industrial Wastes—L. Kermit 
Herndon, presented from manuscript by the 
author. 


Gaging and Sampling of Water-Borne Industrial 
Wastes—C. F. Hauck, presented from manu- 


script by Mr. Hauck. 


Analysis of Water-Borne Industrial Wastes— 


George D. Beal and S. A. Braley, presented 
from manuscript by Mr. Braley. 


Sound Film in Color “Air, Water, and eee 


—Presented by Dow Chemical Co. 


This session was a continuation of the 
Symposium on Accelerated Durability 
Testing of Bituminous Materials.? The 
papers presented at this session are listed 
below: 


Durability Tests— A Word of Caution—G. L. 
Oliensis, presented from manuscript by the 
author. 

Accelerated Weathering of Pitches and Asphalts 

F. Fair, Jr.. H. R. Beck, and B. K. 
McKee, presented from manuscript by Mr. 
Fair. 

Mineral Stabilizers in Asphalt Roofings—L. 
Kirshbraun, R. H. Cubberley, and F. W. 
Yeager, presented from manuscript by Mr. 
Yeager. 


Fripay, Jury 1, 9:30 a.m. vy 


SEssION CHAIRMAN: W. F. Fair, Jr. 


TWENTIETH SESSION—SYMPOSIUM ON ACCELERATED DURABILITY TESTING OF 
BITUMINOUS MATERIALS (continued from Seventeenth Session) 


A New Photographic Methed for Evaluating 


Failure of Bituminous Materials Due to 
Weathering—J. B. Hunter, F. C. Gzemski, 
and L. Laskaris, presented from manuscript 
by Mr. Hunter. 


Os _ The Design and Application of a Spark-Gap 


Instrument for Detecting Crack Failures of 
Asphalt Coatings During Weathering Tests— 
A. H. Boenau and L. A. H. Baum, presented 
from manuscript by Mr. Boenau. 


Experience with Radiation in Accelerated Dura- 


bility Tests on Bituminous Materials—Joseph 
Zapata, presented from manuscript by the 


author. 


20 to 30 Years’ Weathering of Asphalt Shingles 


Made with Unfilled Coatings—G. L. Oliensis 
—presented by the author.® 


TWENTY-FIRST 


Lubricants: 


Report presented by O. L. Maag, vice- 


chairman 


SESSION—PETROLEUM PRODUCTS, 
ANTIFREEZES, HYDROCARBONS, SHIPPING MATERIALS 


Frimay, 1, 2 p.m. 
SESSION CHAIRMAN: Past-PRESIDENT A. W. CARPENTER 
Committee D-2 on Petroleum Products and Accepted as Tentative: 


Test for Acetylene in Polymerization Grade 


and the following actions taken: 


RUBBER, 


ENGINE 


oan Published in ASTM Buttetin, No. 162, Dec ember, 
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Butadiene by Silver Nitrate Method 

Test for Oxygen in Butadiene Vapors by Man- 
ganous Hydroxide Method 

Test for Peroxides in Butadiene by Ferrous- 
Titanous Method 

Test for Separation of Residue from Butadiene 

Test for Butadiene Dimer in Polymerization 
Grade Butadiene 

Test for Nonvolatile Residue of Polymerization 
Grade Butadiene 

Test for Sodium in Lubricating Oils and Lubri- 
cating Oil Additives 

Test for Measurement of Freezing Points for 
Evaluation of Purity 

Test for Determination of Purity from Freezing 
Points 

Test for Hydrogen in Petroleum Fractions by 
the Lamp Method 

Test for Olefinic Plus Aromatic Hydrocarbons 
in Petroleum Distillates 

Test for Benzene and Toluene by Ultraviolet 
_Spectrophotometry, with the addition of the 
_ following new Section 13 on Precision, not 
preprinted :° 

13. Precision.—Results should not differ 
from the mean by more than the following 
amounts: 


Concentration Range 


Repeatability Reproducibility 
for Benzene and 


(One Opera- (Different Op- 


Toluene, per cent tor and Ap- erators anc 
by weight paratus) Apparatus) 
0.5 to 2 0.05 0.10 
2 told 0.10 0.25 
10 to15 0.20 0.40 
15 to 20 0.25 0.50 
20 to 25 0.30 0.60 


Accepted as Tentative, Revisions in: 


Spec. for Gasoline (D 439-48 T) 

Test for Rust-Preventing Characteristics of 
Steam Turbine Oil in the Presence of Water 
(D 665 - 47 T) 

Test for Knock Characteristics of Aviation 
Fuels by the Aviation Method (D 614 - 48 T) 

Test for Oil Content of Paraffin Wax (D 721- 
47) 

Test for Knock Characteristics of Motor Fuels 
by the Research Method (D 908 - 48 T) 
Test for Knock Characteristics of Aviation 
Fuels by the Supercharge Method (D 909 - 

48 T) 

Test for Penetration of Petrolatum (D 937 - 
47 T) 

Test for Aromatic Hydrocarbons in Olefin-Free 
Gasolines by Silica Gel Adsorption (D 936 - 
47 T) 

Test for Detection of Free Sulfur and Corrosive 
Sulfur Compounds in Gasoline (D 130 - 30), 


© This addition was approved, subject to confirming 
letter ballot of Committee D-2, but since a favorable vote 
was not obtained, this additional change was not accepted. 


SUMMARY OF PROCEEDINGS 


in the form of a new tentative method with the 
following changes not preprinted:’ In Section 
4 (b) change “‘}-in. thick” to read ‘“?¢ to } in, 
thick”; in Section 6 (a), change “‘50 ml.” to 
read “30 ml.”’; in Section 6 (a) and (6), change 
“3 hr. to 3 hr. and 15 min.” to read “‘%3 hr, 
+ 5 min.” Also all temperatures will be ex- 
pressed in degrees Fahrenheit, followed by 


equivalent Centigrade values. 


Adopted as Standard: 

Test for Burning Quality of Kerosine (D 187- 
47 T) 

Test for Neutralization Value (Acid and Base 
Numbers by Electrometric Titration, (D 664- 
46 T) 

Test for Oxidation Stability of Aviation Gasoline 
(Potential Gum Method) (D 873 - 46), as 
revised 

Test for Congealing Point of Pharmaceutical 
Petrolatums (D 938 - 47 T) 

Method of Measurement of Density of Hydro- 
carbon Liquids by the Pycnometer (D 941- 
47 T) 


The committee withdrew from the report as 
preprinted, the recommendation for adoption as 
standard of the Tentative Method of Test for 
Water and Sediment in .Petroleum Products 
by Means of Centrifuge (D 96-47 T) and the 
revisions of the Tentative Method of Test for 
Kinematic Viscosity (D 445 - 46 T). 


Adopted as Standard, Revisions in: 


Test for Existent Gum in Gasoline (Air-Jet 
Evaporation Method) (D 381 - 46) 

Test for Oxidation Stability of Gasoline (Induc- 
tion Period Method) (D 525 - 46) 

Test for Vapor Pressure of Petroleum Products 
(Reid Method) (D 323 - 43) 

Test for Knock Characteristics of Motor Fuels 
by the Motor Method (D 357 — 48) 

Test for Melting Point of Petrolatum (D 127- 
30) 

Test for Color of Refined Petroleum Oil by 
Means of Saybolt Chromometer (D 156 - 38) 

Test for Sulfur in Petroleum Oils by Bomb 
Method (D 129 - 44) 

Def. of Terms Relating to Petroleum (D 288- 

48) 


Withdrawal of Tentative Methods: 


Test for Sulfur in Lubricating Oils (D 894- 
48 T) 

Test for Determination of Purity by Measure: 
ment of Freezing Points (D 940 - 47 T) 

Withdrawal of Standard: 


Test for Acid Heat of Gasoline (D 481 - 39) 
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FIFTY-SECOND ANNUAL MEETING 


Spec. for Stoddard Solvent (D 484 - 40) 

Test for Flash Point by Means of the Tag Closed 
Tester (D 56 — 36) 

fest for Melting Point of Paraffin Wax (D 87 - 
42) 

fest for Precipitation Number of Lubricating 
Qils (D 91 - 40) 

Test for Color of Refined Petroleum Oil by 
Means of Saybolt Chromometer (D 156- 
38) 

lest for Steam Emulsion of Lubricating Oils 
D 157 - 36) 

lest for Distillation of Gas Oil and Similar Dis- 
tillate Fuel Oils (D 15% - 41) 

{bridged Volume Correction Table for Petro- 
leum Oils (D 206 - 36) 

Test for Distillation of Natural Gasoline (D 
216 - 40) 

Test for Burning Quality of Long-Time Burning 
Oil for Railway Use (D 219 — 36) 

lest for Burning Quality of Mineral Seal Oil 
D 239 - 30) 

lest for Thermal Value of Fuel Oil (D 240- 
39) 

Test for Distillation of Crude Petroleum (D 
285 - 41) 

lest for Autogenous Ignition Temperatures of 
Petroleum Products (D 286 - 30) 
lest for Gravity of Petroleum and Petroleum 
Products by Means of the Hydrometer (D 
287 - 39) 
st for Dilution of Crankcase Oils (D 322 — 35) 
andard Viscosity-Temperature Charts for Liq- 
uid Petroleum Products (D 341 - 43) 
mversion of Kinematic Viscosity to Saybolt 
Universal Viscosity (D 446-39) 
lest for Distillation of Plant Spray Oils (D 
447 - 41) 
st for Unsulfonated Residue of Plant Spray 
Oils (D 483 - 40) 

Test for Carbon Residue of Petroleum Products 
(Ramsbottom Carbon Residue) (D 524 - 42) 
lest for Dropping Point of Lubricating Grease 
(D 566 - 42) 
lethod for Calculating Viscosity Index (D 
567 - 41) 


Accepted for Publication as Information Only: 


Test for Micro Cone Penetration of Lubricating 
Greases 

Test for Apparent Viscosity of Lubricating 
Greases 

Definitions, Functions, Types, and Desigra- 
tions of Cutting Fluids 

roposed Carburetor Jacket for Use with Motor 
and Research Methods to Rate High Vapor 
Pressure Fuels 

Determination of Color Index of Petroleum 
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Products by Photoelectric Colorimeter Test 
for Sulfur in Petroleum Products by the 
CO; - O2 Lamp Method with Supplement 


Committee D-16 on Industrial Aromatic 
Hydrocarbons: 


Report presented from manuscript, in the 
absence of the chairman, by P. J. Smith and 
accepted as a report of progress. 


Committee D-15 on Engine Antifreezes: 


Report presented, in the absence of the chair- 
man, by P. J. Smith and accepted as a report 
of progress. 


Committee D-11 on Rubber and Rubber- 
Like Materials: 


Report presented by Simon Collier, chairman, 
and the following actions taken: 


Accepted as Tentative: _ 


Spec. for Thermoplastic Vinyl Polymer Sheath 
Compound for Electrical Insulated Cords and 
Cables 

Spec. for Rubber Insulating Line Hose (Proof 
Test, 20,000 volts, 3 Minutes) 

Spec. for Rubber Insulating Hoods (Proof Test, 
20,000 volts, 3 Minutes) 

Spec. for Rubber Insulating Sleeves (Proof 
Test, 10,000 volts, 3 Minutes) with the follow- 
ing further revisions: 

Fig. 1.—Change “small and medium” to 
read “regular and long.” 

Section 3.—Omit the phrase “for full-length 
sleeves and 10 ma. for elbow length sleeves” 
and add the following footnote: ‘* There is 
reason to believe that present-day sleeves con- 
forming to these specifications would readily 
withstand a higher proof-voltage test than 
10,000 v. if a testing procedure could be de- 
vised for testing the sleeves with water elec- 
trodes but without folding the sleeve. One 
procedure which has given some promise of 
success in this direction uses a snugly-fitting 
porcelain plug 2} in. in thickness inserted at 
the cuff end of the sleeve after coating with a 
silicone grease (Dow-Corning DC-4 compound 
is one which has been found satisfactory); the 
cuff is then bound tightly over the plug with 
rubber cable bandage. The plugged sleeve is 
now filled with water to within 2} in. of the top 
edge and immersed in water to the same level.” 

Section 7.—Change to read as follows: “Un- 
less otherwise specified each sleeve shall be 
marked only with the style letter (R, L, or B), 
the manufacturer’s name, the catalogue num- 
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ber, the A.S.T.M. Designation D-——, and the 
ASA Designation J6.5. Such marking shall be 
confined to the shoulder flap and shall be done 
so as not to injure the sleeve. The style letter 
shall be molded into the outer rubber surface 
of the shoulder flap. If ink is used for the other 
required markings it shall be indelible and 
nonconducting.” 

Section 16 (a).—Change to read as follows: 

(a) Test Specimens.—Specimens cut from 
selected samples and tested in accordance 
with Paragraph (6) shall conform to the re- 
quirements for physical properties prescribed 
in Section 4 (a), (6), (c), and (e). In addition, 
two specimens cut so that the seam passes 
through the approximate center of the reduced 
section at right angles to the length of the 


specimen, when tested in accordance with 
Paragraph (b), shall conform to the require- 
ments of Section 4 (d). 
_ Spec. for Rubber Insulating Blankets (Without 
Fabric Reinforcement) (Proof Test, 16,000 
volts, 3 Minutes) with the same revision as 
given above for Section 7 of the Specifications 
for Sleeves 
Spec. and Methods of Test for Latex Foam 
Rubbers 
Spec. and Methods of Test for Sponge and 
Expanded Cellular Rubber Products 
Test for Resistance of Vulcanized Rubber or 
_ Synthetic Elastomers to Cut Growth by the 
Use of the Ross Flexing Machine 
Method of Measuring Low-Temperature Stiffen- 
ing of Rubber and Rubber-Like Materials by 
the Gehman Torsional Apparatus 
_ Test for Impact Resilience and Penetration of 
Rubber by the Rebound Pendulum 
Accepted as Tentative, Revisions in: 


Methods of Testing Rubber Hose (D 380 - 46 T) 

Test for Compression Set of Vulcanized Rubber 
(D 395 - 47 T) 

Methods of Testing Rubber Insulated Wire and 
Cable (D 470-48 T) except that the new 
Section 8 on Oil Immersion Test will provide 
for the use of A.S.T.M. Oil No. 2 as described 
in Table I of Methods D 471 instead of the oil 
specified in Section 8 (c) of Specifications 
D 752. 

Spec. for GR-M Polychloroprene Sheath Com- 
pound for Electrical Insulated Cords and 
Cables (D 752 - 46 T) 

Test for Mechanical Properties of Elastomeric 
Vulcanizates under Compressive or Shear 
Strains by the Mechanical Oscillograph (D 
945 48 T) 

Methods of Dynamic Testing for Ply Separation 


and Cracking of Rubber Products (D 43- 
40) 


Adopted as Standard: 


Spec. for Rubber Sheath Compound for Ele 
trical Insulated Cords and Cables (D 532 
46 T), as revised 


Adopted as Standard, Revisions in: 


Test for Indentation of Rubber by Means of th 
Pusey and Jones Plastometer (D 531 - 41) 

Spec. for Cotton Rubber-Lined Fire Hose fo; 
Public and Private Fire Department U;: 
(D 296 — 38) 

Method of Testing Compressed Asbestos She: 
Packing (D 733 - 46) 

Spec. for GR-M Polychloroprene Sheath Com. 
pound for Electrical Insulated Cords an 
Cables Where Extreme Abrasion Resistance 
is not Required (D 753 - 47) 


Withdrawal of Tentative Method: 


Test for Low-Temperature Brittleness of Rul 
ber and Rubber-Like Materials (D 736-461 


Editorial Changes Accepted in: 
Test for Changes in Properties of Rubber and 


Rubber-Like Materials in Liquids (D 471- 


46 T) 


Accepted for Publication as Information Only: 


Spec. and Methods of Test for Concentrate 
Ammonia Preserved, Creamed and Centr 
fuged Natural Rubber Latex 


Committee D-6 on Paper and Paper Prod- 


ucts: 

Report presented by W. R. Willetts, chair 

man, and the following actions taken: 
Accepted as Tentative: 


Method for Creasing Paper for Permeabilit) 
Tests 


Test for Fiber Analysis of Paper and Paper 


board 


Test for Ply Separation of Combined Container 


Board 
Test for Scuff Resistance of Paperboard 


Adopted as Standard: 


Test for Bleeding Resistance of Asphalted Paper 


at Elevated Temperature (D 917 - 47 T) 
Test for Blocking Resistance of Paper 4! 
Paperboard (D 918 - 47 T) 


Test for Copper Number of Paper and Pape 


board (D 919 - 47 T) 
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FIrry-SECOND ANNUAL MEETING 


tet for Crease Retention of Wrapping Paper 


D920 - 47 T) 
t for Titanium Dioxide in Paper (D921 - 
47 T) 
jopled as Standard, Revisions in: 
fthod of Conditioning Paperboard, Fiber- 
hoard and Paperboard Containers for Testing 
D 641 - 43) 
sfirmation of Standards: 
test for Bulking Thickness of Paper (D 527 - 
$1) 
t for Machine Direction of Paper (D 528- 


41) 
st for Water-Soluble Acidity or Alkalinity of 
Paper (D 548 - 41) 
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Method of Sampling Paper and Paper Products 
(D 585 — 42) 

Test for Ash Content of Paper and Paper 
Products (D 586 - 42) 

Test for Casein in Paper (D 587 - 42) 

Test for Alpha-, Beta-, and Gamma-Cellulose 
in Paper (D 588 - 42) 

Test for Paraffin Content of Waxed Paper 
(D 590 - 42) 

Test for Starch in Paper (D 591 - 42) 

Test for Folding Endurance of Paper (D 643 - 
43) 

Test for Thickness of Paper and Paper Products 
(D 645 — 43) 


Committee D-10 on Shipping Containers: 


Report presented from manuscript, in the 
absence of the chairman, by P. J. Smith and 
accepted as a report of progress. 


TWENTY-SECOND SESSION—CEMENTITIOUS AND BUILDING MATERIALS | 
Fripay, Jury 1, 2 p.m. 
SESSION CHAIRMAN: F, H. JACKSON 


Committee C-8 on Refractories: 


Report presented by R. B. Sosman, chair- 
man, and the following actions taken: 


Auepled as Tentative, Revisions in: 


Chemical Analysis of Refractory Materials (C 
18- 45) 
ec. for Refractories for Heavy Duty Station- 
ary Boiler Service (C 64 - 48) 
Spec. for Refractories for Incinerators (C 106 - 
48) 
ec. for Refractories for Moderate Duty Sta- 
tionary Boiler Service (C 153 - 48) 
Adopted as Standard, Revisions in: 
Method for Basic Procedure in Panel Spalling 
Test for Refractory Brick (C 38 - 47) 
Method of Testing Refractory Brick Under 
Load at High Temperatures (C 16-41) 
Def. of Terms Relating to Refractories (C 71 - 
47) 
est for Cold Crushing Strength and Modulus 
of Rupture of Refractory Brick and Shapes 
(C133 - 39) 
Method of Panel Spalling Test for Fireclay 
Plastic Refractories (C 180-47) 


Reafirmation of Standards: 


lassification of Fireclay Refractories (C 27 - 
41) 


Test for Size and Bulk Density of Refractory 
Brick (C 134 - 41) 


Test for Warpage of Refractory Brick and Tile 
(C 154 - 41) 


Committee C-17 on Asbestos-Cement Prod- 
ucts: 


Report presented from manuscript by H. R. 
Snoke, chairman, and accepted as a report of 
progress. 


Committee C-1 on Cement: 


Report presented by F. H. Jackson, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Test for Sodium Oxide and Potassium Oxide in 
Portland Cement by Flame Photometry 

Test for Setting Time of Hydraulic Cement 

Spec. for Flow Table for Use in Tests of Hy- 
draulic Cements 


Accepted as Tentative, Revisions in: 
Spec. for Natural Cement (C 10 - 37) 


Spec. for Portland Cement (C 150-47) 


Test for Air Content of Air-Entraining Portland 
Cement Mortar (C 185 - 47 T)" 


Adopted as Standard, Revisions in: 


Spec. for Portland Cement (C 150-47) 
Test for Autoclave Expansion of Portland Ce- 
ment (C 151 - 
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Spec. for Masonry Cement (C 91 - 48)" 

Test for Compressive Strength of Hydraulic- 
Cement Mortars (C 109-47)" 

Test for Heat of Hydration of Portland Ce- 
ment (C 180-47)" 

Test for Normal Consistency of Hydraulic 
Cement (C 187 - 44)" 

_ Test for Soundness of Hydraulic Cement Over 
Boiling Water (Pat Test) (C 189 - 44)" 

Test for Tensile Strength of Hydraulic-Cement 
Mortars (C 190 - 44)" 

Test for Time of Setting of Hydraulic Cement 
by the Vicat or Gillmore Needles (C 191 - 44)" 


Editorial Changes Accepted in: 


Test for Fineness of Portland Cement by the 
Turbidimeter (C 115 — 42) 

_ Test for Fineness of Portland Cement (C 204 - 
46 T) 

Chemical Analysis of Portland Cement (C 144 - 
48 T) 


Committee C-15 on Manufactured Masonry 
Units: 


Report presented, in the absence of the chair- 
man, by L. C. Gilbert and the following actions 
taken: 


Accepted as Tentative, Revisions in: 


Spec. for Building Brick (Made from Clay or 
Shale) (C 62 - 44) 

Spec. for Sewer Brick (Made from Clay or 
Shale) (C 32 - 42) 

Spec. for Structural Clay Load-Bearing Wall 
Tile (C 34-41) 

Spec. for Structural Clay Non-Load-Bearing 
Tile (C 56-41) 

Spec. for Structural Clay Floor Tile (C 57 — 39) 

Def. of Terms Relating to Structural Clay Tile 
(C 43 -49) 
1! The revisions in these standards comprise the changes 


in glass graduates and in standard laboratory conditions 
as govered in the report of Committee C-1. 
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PROCEEDINGS 


Methods of Sampling and Testing Brick (C 67- 
44) with a correction in the last sentence 
Section 39 (6), as preprinted, in which “0 
in.” is changed to read “32nds of an inch.” 


Adopted as Standard: 
Def. of Terms Relating to Structural Clay T; 


(C 43 - 46 T) 4 


Spec. for Building Brick (Made from Clay o 
Shale) (C 62 - 44) 

Spec. for Structural Clay Load-Bearing Wa 
Tile (C 34-41) 

Spec. for Structural Clay Non-Load-Bearing 
Tile (C 56 - 41) 

Spec. for Structural Clay Floor Tile (C57- 


39) 

Editorial Change Accepted a 

Spec. for Structural Clay Facing Tile (C 212- 
48 T) 


Papers: 


Adopted as Standard, Revisions in: 


Size and Border Conditions of Test Specime: 
in Their Relation to Results of Fire Tests 
S. H. Ingberg, presented by the author. , 

Long-Time Tests of Concrete Containing Ce 
ments of Types I, II, and III Under Variow 
Storage Conditions—W. J. McCoy and S. B. 
Helms, presented from manuscript by Mr 
McCoy. 

The Use of Natural Anhydrite in Portland 
Cement—W. C. Hansen and J. O. Huw 
presented by Mr. Hansen.'” 

The Direct and Continuous Measurement « 
Bleeding in Portland Cement-Water Mixture 
—Rudolph C. Valore, Jr., James E. Bowling 
and R. L. Blaine, presented by Mr. Valore. 


12 Published in ASTM Buttetin, No. 161, October, 1% 
p. 50. 
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PROGRESS OF A.S.T.M. 


ANNUAL ADDRESS OF THE PRESIDENT 
R. L. Temptin! 
JuNE 28, 1949 


| AM sure that mem- 
bers of the American Society for 
Testing Materials are interested in 
the progress of the Society. Those 
interested in the historical progress 
of the organization will find it has 
been ably presented on a number of 
occasions by former presidents. A 
particularly noteworthy review cov- 
ering the first half-century of the 
organization was given by President 
A. W. Carpenter in 1947. 

A complete and factual review of 
the progress made recently can be 
obtained from a perusal of the An- 
nual Report of the Board of Direc- 
tors and, in fairness to those you 
have selected to administer the 
affairs of the Society and as evidence 
of your interest as members, it 
merits your serious consideration. 

The satisfactory future progress of 
our Society, in accordance with its 
basic purposes, requires that the 
activities of the Society be kept 
closely attuned to the needs of those 
whom it serves. These include in- 
dustry, other technical societies, 
the U.S. Government, technologists, 
and many others. With the pri- 
mary objectives of promoting the 
knowledge of and the standardizing 
of materials and test methods, many 
opportunities are presented for ex- 


panding the scope of the activities 


~t Assistant Director of Research and Chief 
ngineer of Tests, Aluminum Company of 
America, New ee, Pa. 


of the Society. 
standards and test methods suitable 
for the development and application 
of new materials is very much in 
evidence. While this has been 
recognized by others, the fact still 
deserves emphasis by repetition. 


For satisfactory progress it is | 


necessary frequently to review speci- 
fications and test methods which 
were suitable for the purposes of 
yesterday but which may be inade- 
quate for those of today and to- 
morrow. In past years, for ex- 
ample, emphasis has been placed 
upon test methods which were in- 
tended to be a part of material or 


product specifications. In many 


instances the methods have been 
defined only in sufficient detail suit- 
able for routine inspection tests. 
When these tests are used for more 
precise investigation of the materials 
the deficiencies in the test method 
details often become manifest. 
Specifically, the standard round, 
3-in. diameter, tension test speci- 


men for metals as specified by 


A.S.T.M. has proved to be quite 
satisfactory for routine inspection 


in so far as tensile strength, yield — 


point or yield strength, elongation 
and reduction in area are concerned, 
but it is not suitable for precise 
determination of the tensile modulus 
of elasticity. 


The need for more 
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The use of dissimilar rectangular 
cross-section tension specimens for 
certain metal products makes com- 
parisons of elongation values diffi- 
cult or erroneous when different 
permissible sizes of specimens are 
involved. 

The cold bend test is called for'in a 
number of our metal product speci- 
fications, yet we do not have a stand- 
ard detailed method for making 
this test. Under such conditions 
the bend requirements lose much of 
their significance. 

_ The shearing properties of ma- 
terials are often of interest to de- 
signers of engineering structures, 
but A.S.T.M. has no standard 
methods for making shearing tests of 
metals. Again, the fatigue proper- 
ties of metals are very important to 
- designers of machines and struc- 
tures subjected to repeated loads, 
_ but so far no standard fatigue test- 
_ ing procedures for metals have been 
adopted by our Society. 
Although we have standards for 
verification of testing machines and 
load measuring devices for checking 
testing machines, yet currently we 
have no standards for strain or defor- 
mation measuring apparatus. 

These examples are some with 
which I am familiar but there are 
an ee numerous others in the 


same category in the many fields of 
interest to our Society. 

Many tests not directly a part of 
product specifications are often used 
_ for the improvement of commercial 
products and the development of 
new products. Currently too few 
_ of the users of these tests appreciate 
the merits of suitably standardized 
test methods for the purposes just 

indicated. In most tests, factors 
exist which, if not properly con- 
_ trolled, will cause substantial varia- 


tions in test data. These differ- 
ences in results may be erroneously 
attributed to the variables being 
studied, whereas in reality they are 
caused by uncontrolled variations in 
testing procedure. Departures 
from the standard sizes and geom- 
etry of tension test specimens in 
investigational studies of metals are 
often in evidence. Much atten- 
tion, therefore, must be given to all 
the details involved when carrying 
out investigational testing, in order 
to attain precision. 

Presumably many of the new 
products now being developed will 
require standards and undoubtedly 
some of these materials will require 
new tests. Certainly new uses of 
both old and new products often 
indicate the need for new tests. 
The technical symposia sponsored 
by A.S.T.M. have proved to be an 
effective means for developing these 
needs. 

To deal adequately with the prob- 
lems that have been only briefly 
indicated, much additional experi- 
mental or research work will be re- 
quired. A considerable amount of 
such work is currently in progress as 
shown by the papers presented at 
this Annual Meeting, but more work 
will be necessary before suitable 
standards can be adopted. Effort 
of this character serves to emphasize 
the interest of our Society in re- 
search. 

The increasing number and va- 
riety of new materials and their prac- 
tical applications have increased the 
opportunities of 


future progress of our Society. 


A.S.T.M. and. 
broadened the horizons of its inter-- 
ests. If we take proper advantage: 
of the possibilities thus afforded, 
there need be no concern about the: 
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This report of the Board of Directors 
to the Society is presented to the mem- 
bers at an annual meeting that marks 
the conclusion of a most active year— 
one that represents much in accomplish- 
ment of our technical committees, as 
may be seen by examination of the current 
committee reports. The year also has 
seen our work expand into important 
new fields, which in turn has brought into 
the Society new members to work out 
their testing and specification problems 
in the environment and under the estab- 
lished procedures of A.S.T.M. This kind 
of growth, which has of course been going 
on for years, is the soundest possible 
foundation upon which to build the fu- 
ture accomplishments of the Society. 
The Board cordially welcomes all the 
new members who have affiliated with 
us during the year and also wishes to 
commend our committees and _ their 
members for the splendid work they are 
doing to advance research and standardi- 
zation in the materials field. Also to 
those who present to the Society the re- 
sults of their researches in the form of 
technical papers and discussions, the 
Board extends a sincere word of apprecia- 
tion, for it is the combination of com- 
mittee work and technical papers that 
enables the Society to accomplish the 
purposes for which it exists—“the promo- 
tion of knowledge of the materials of en- 
gineering, and the standardization of spec- 
ifications and the methods of testing.” 

The report records briefly the principal 
happenings and developments of the So- 
ciety year, including matters of policy 
and administration. New publication 
policies announced a year ago are being 
put into effect. On the financial side, the 


"Presented at the Fifty-second Annual Meeting of the 


Society, June 27-July 1, 1949. 


ANNUAL REPORT OF THE BOARD OF DIRECTORS* 


Society’s position has been materially 


strengthened by the increase in dues that 
has been so splendidly supported by in- 
dividual and company members alike. 
We are still on the inflationary spiral with 
respect to costs of goods and services, 
especially printing, which has greatly 
increased our operating expenses and 
leaves less than is needed for support of 
expanded activities and increased serv- 
ices to members. Happily, there are signs 
that costs may be at their peak and that 
the situation may take a more favorable 
turn. This important phase of Society 
operations is covered fully in the section 
of this report on finances, and merits the 
attention of each member. 

At best this report, together with the 
reports of the Administrative Commit- 
tees appended, is but an outline of prog- 
ress during the year; it must be filled in 
with the wealth of technical data, tests 
and specifications presented to the mem- 
bers at this annual meeting and in the 
many publications issued and others be- 
ing planned. The importance, too, of the 
meetings held in the several districts of 
the Society cannot be exaggerated, for 
such meetings carry to members and 
others throughout the country the real 
meaning of the Society and its work. 
Finally, the significance of our first na- 
tional meeting west of the Rockies, to be 
held next October in San Francisco, is 
far reaching, for it marks the first time 
the work of A.S.T.M. has been displayed 
so intimately to our members in the 
rapidly growing industries in the Pacific 
Area. A splendid technical program has 
been arranged, together with a number 
of important committee meetings, and the 
Board earnestly hopes that as many mem- 
bers as possible will attend this meeting 
and help make it an outstanding success. 
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ANNUAL OF BOARD OF 
Technical Activities 


The technical work of the Society has 
been actively carried on during the year, 
as will be seen in the committee reports 
for this meeting, and the number of new 
specifications and methods submitted for 
action. The Administrative Committee 
on Standards is responsible for following 
the standardization activities of the So- 
ciety and in its annual report to the 
Board (Appendix II) records a number 
of interesting developments. The com- 
mittee fulfills an important function in 
passing upon new and revised tentatives 
between annual meetings of the Society, 
thereby speeding up the Society’s pro- 
cedure and at the same time insuring 
critical consideration of committee re- 
commendations, and the record of that 
work during the past year is most im- 
pressive. The committee is also conduct- 
ing valuable studies of proposals for ex- 
tension of the Society’s activities into 
new fields, among which are asphalt floor 
tile and other hard surface floor cover- 
ings, floor waxes, wall tile, and graphite. 
The Administrative Committee contin- 
ues to give particular attention to im- 
proving the quality of A.S.T.M. stand- 
ards from both editorial and technical 
points of view. 

The Administrative Committee on 
Research, whose annual report to the 
Board appears as Appendix ITI, has sub- 
mitted to the technical committees a 
suggested type of committee organization 
for handling research activities, based 
upon conferences with the officers of some 
ten committees representing various de- 
grees of interest and participation in 
research and a questionnaire to all com- 
mittee officers. Many committees are 
already soundly organized for carrying 
out research projects related to their 
needs for data on materials and methods 
of test, and others are giving thought to 
the matter. Considerable progress has 


also been ite in preparing statements 
of unsolved problems in the respective 
committee fields, for possible publication 
as an initial listing of research projects 
for the use of schools, research founda- 
tions, and industry. Further work will be 
done along these lines during the coming 
year. 

Two other administrative committees 
deal with certain phases of our technical 
activities, namely, the Administrative 
Committee on Ultimate Consumer Goods 
and the Administrative Committee on 
Simulated Service Testing. The annual 
reports of these two committees appear 
as Appendices V and -VI, respectively, 
and record briefly the progress made in 
these respective fields of work. These 
reports speak for themselves. However, 
the Board would point out that in the 
field of consumer goods, the Admin- 
istrative Committee has worked out a 
procedure in the technical committees 
for development of standards for such 
goods, involving a modification of the 
Regulations Governing Technical Com- 
mittees that is covered in a later section 
of this report. An advisory group of social 
and natural scientists has been formed 
whose functions are described in the ap- 


pended report. 


A new technical Committee E-12 on 
Appearance was organized in September, 
1948. The considerations leading to the 
organization of this committee were 
presented in the Board’s report a year 
ago, together with a statement of purpose 
and proposed activities, which with 4 
minor editorial revision has been ap- 
proved as the official statement of scope. 
In brief, the purpose of this committee 
is “to improve and develop methods for 
describing and evaluating the appearance 
properties (such as color, gloss, opacity, 
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and texture) of engineering materials.” 
At the organization meeting M. Rea 
Paul was elected chairman, R. C. Adams, 
vice-chairman, and Daniel Smith, secre- 
— committee was organized in 
tober, 1948, Committee C-21 on 
eramic Whitewares, which as explained 
in the Board’s report a year ago has 
ome about through the request of the 
American Ceramic Society that A.S.T.M. 
take over the development of test meth- 

is and specifications in this field. A 
formal statement of scope of the com- 
mittee is still under consideration. The 
following officers were elected: J. H. 
Koenig, chairman, J. R. Beam, vice- 
harman, and R. F. Geller, secretary. 

Stil a third new committee was 
formed during the year, C-20 on Acousti- 
al Materials, on May 3, 1949. The 
ganization of this committee stemmed 
rom a recommendation of the Adminis- 
rative Committee on Standards, to 
hich detailed reference was made a year 
wo. H. A. Leedy was elected chairman, 
’. M. Harris, vice-chairman, and H. J. 
Sabine, secretary. A formal statement of 
scope is under consideration. 

In the Board’s report a year ago it was 
mentioned that the Administrative Com- 
mittee on Standards was studying the 
lesirability of establishing an A.S.T.M. 
ommittee in the field of porcelain 
enamel. During the year this study led to 
aspecific proposal, pursuant to which the 
Board has authorized the formation of an 
AS.T.M. Committee on Porcelain Ena- 
mel, to which the designation C-22 will be 
assigned. W. N. Harrison has been 
appointed chairman pro-tem with the 
tesponsibility of recommending person- 
tel and scope of the committee and 
arranging for its formal organization. 

Work has been started on test methods 
and terminology for printing inks. A 
conference of manufacturers and users 
of printing inks was held at Society 
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Headquarters on May 18, 1949, at 
which it was decided to organize a 
committee on the subject. Because the 
raw materials and test methods em- 
ployed in printing inks are quite similar 
to those applying to paints and lacquers, 
this committee is being set up for the 
moment under the aegis of Committee 
D-1 on Paint, Varnish, Lacquer, and 
Related Products. The first meeting of 
this committee will be held during the 
annual meeting. 

The decision of Committee E-2 to 
confine its scope to emission spec- 
trography and not to cover the absorp- 
tion spectrographic technique, in which 
decision the Board of Directors has 
concurred, has led the Board to authorize 
the formation of a separate technical 
committee on absorption spectrography. 
Considerable work in this field has al- 
ready been done in some committees of 
the Society, notably in the petroleum 
and allied fields, and it is planned to 
hold soon a conference of members and 
committee representatives interested in 
the subject preliminary to the formal 
organization of the new committee. 

During the year the Board has con- 
sidered a number of suggestions for new _ 
fields of work developed and reported to 
it by a special committee charged with 
this responsibility. Certain of these 
suggestions fall within the scope of 
existing committees and will be discussed 
with those committees during the coming 
year. One such subject, namely, ultra- 
sonic methods of test, has already been 
taken up by Committee E-7. Other 
suggestions, if found practicable and 
commanding the necessary support of 
interested parties, will involve the 
organization of new committees. One 
such subject is that of absorption 
spectrography referred to above. 
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A.S.T.M. Corrosion Test Sites: 

Our work in the field of corrosion 
testing is perhaps one of the most import- 
ant activities in the Society. It has been 
carried on for upwards of forty years by 
individual committees interested in speci- 
fic materials and has made many major 
contributions to engineering knowledge 
in this field. At the moment seven 
committees of the Society are engaged in 
this type of work. The cooperative nature 
of the work, with the participation there- 
in of both producer and consumer 
interests as well as the careful planning 
and critical evaluation of results, has 

led to a wide acceptance of the published 
data as engineering facts that can be 
_ relied upon in design. 

At first, the coordination of this work 
was solely through interlocking member- 
ship and cooperation between committees 
working in fields of mutual interest. 

In 1942, coordination of corrosion testing 
in the Society was placed in the hands of 
the Advisory Committee on Corrosion, 
on which serve representatives of com- 
-mittees interested in corrosion testing, 
and to this committee has also been 
assigned responsibility for the acquisition 
and maintenance of test sites for use by 
committees of the Society. At present 
‘some twenty-five exposure sites are being 
used, for most of which we have no 
Clearly defined security of tenure. Some 
test programs have been interrupted 
_ because we have had to give up donated 
test sites or to move test sites to new 
locations. Efficient servicing of so many 
_ scattered sites has been a problem. 
During the past year the Advisory 
Committee on Corrosion has developed 
plans to procure, for definite rights of 
occupancy for suitable periods of time, 
-a smaller number of sites (probably not 
over ten) that experience has shown can 
_ be chosen to insure maximum coverage of 
service conditions not only for corrosion 
testing of metals but also exposure tests 


of a variety of materials, such as paints, 
plastics, textiles, and ceramics. To sup. 
port this program the committee plans 
to raise $100,000 of expendable funds to 
meet the needs of approximately ten 
years. In a formal report to the Board of 
Directors the committee outlined these 
plans and requested the Board to 
advance monies from the General Funds 
of the Society to initiate the work, and 
to add to the headquarters staff an 
engineer to service the sites and speci- 
mens and in general to advance the whole 
test site program, it being felt that such 
a staff man working under the general 
direction of the Advisory Committee on 
Corrosion is necessary for efficient opera- 
tion of this extensive program. The costs 
of the work, including salary of the staff 
man, are to be met from the funds to be 
raised. 

The Board of Directors, confident that 
this work has demonstrated to industry 
the importance of carrying it on in the 
future in the most effective manner pos- 
sible, has approved the Advisory Com- 
mittee’s recommendations. It has agreed 
to advance to the Advisory Committee 
up to $10,000 to meet initial costs, and 
it has added to the staff a young engineer 
to engage in this work. It is understood 
that monies advanced from the Genera 
Funds for this purpose will be repaid 
from the funds that the Advisory Com- 
mittee is now raising. 

A brochure has been prepared which 
describes current and proposed corrosiot 
projects, the types and probable locations 
of the test sites being acquired, and the 
needs for further work. A copy of this 
brochure may be obtained by any mem- 
ber of the Society who is interested. 

It is understood, of course, that these 
A.S.T.M. test sites when acquired wil 
be available to any committees of the 
Society that desire to conduct exposure 
tests. 

The Board earnestly commends this 
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«ntire program to all interested A.S.T.M. 

mmittees and asks for the whole- 
earted support of all industries that are 
any way concerned with determining 
e resistance of materials to deteriora- 
n. 


Commitiee Scopes and Appointments: 


Scopes of several of the committees 
ithe Society have been passed upon by 
e Board and the approved scopes are 
riven here as a matter of official record. 

Committee C-4 on Clay Pipe (revised 
y addition of italicized words): 


The formulation of specifications, nomen- 
ture and methods of test for clay pipe used 
‘the conveyance of sewage, industrial wastes 
ind storm waters, and for clay flue linings. 


Committee C-15 on Manufactured 
Masonry Units (revised by addition of 
italicized words) : 


The formulation of specifications, methods of 
test and definitions relating to units of inorganic 
substances such as building brick of clay, sand- 
ime and concrete; structural clay tiles; paving 
brick, hollow concrete units; sewer brick and 

xk; glazed building units; chemical resistant 
nils; and drain tile. The units shall not include 

tural building stone or slate nor products for 
¢ as refractories. 


Committee C-19 on Structural Sand- 
ich Constructions (new): 


The formulation of test methods and speci- 
ations applicable to structural sandwich con- 
‘ructions. Test methods and specifications on 
sic materials, as covered by other committees, 
all be used when applicable. 


Committee D-9 on Electrical Insulat- 
ng Materials (revised): 


Development of methods of sampling and 
sung, and formulation of specifications for 
«ctrical insulating materials, including research 


wcerning the properties of such materials and 
products, 


Committee E-1 on Methods of Testing 
revised) 


(a) To aid and advise the technical commit- 
tees of the Society in the preparation of standard 
methods and development of instruments of 
testing, in the correlation of similar methods 
prepared by different committees, and in insti- 
tuting cooperation between the technical com- 
mittees on matters of common interest relating 
to methods and instruments of testing, by the 
creation of subcommittees of Committee E-1 or 
otherwise. 

(b) To initiate, conduct, and report work upon 
the determination of properties of materials, 
and to prepare methods of testing and specifi- 
cations for instruments for testing materials of 
interest to the Society not coming within the 
scope of any other technical committee. 

(c) To encourage, secure and promote, with 
the approval of the Board of Directors, coopera- 
tion between technical committees of this Soci- 
ety and the committees of other societies and 
associations as regards methods and instruments 
of testing. 

(d) To standardize the nomenclature and 
definitions used in or relating to testing methods 
or instruments in cooperation with Committee 
E-8 on Nomenclature and Definitions. 

(e) To perform such other functions as may 
advance, improve, standardize and unify the 
procedures of materials testing. 


Committee E-7 on Non-Destructive 
Testing (revised): 


Promotion of knowledge and advancement 
of the art of non-destructive testing of engineer- 
ing materials for discontinuities or structural 
irregularities, and extensions of the methods used 
to other engineering problems; the formulation 
of requirements relating to the performance, 
interpretation and classification of results of 
such tests, without prejudice to the jurisdiction 
of product committees over their respective 
products; and the coordination and review of 
non-destructive testing clauses initiated by 
other committees. 


Joint Committee on Effect of 
Temperature on the Properties of Metals 
(revised): 


To sponsor investigations leading to the 
accumulation, evaluation, and dissemination of 
data on the engineering properties of metals at 
high and low temperatures and the standardiza- 
tion of test methods pertaining thereto. 


In acting upon the revised scope of 
Committee D-9, the Board took cog- 
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nizance of inevitable overlapping in 
scopes of Committees D-9, D-11 on 
Rubber and Rubber-Like Materials, 
D-13 on Textile Materials, and D-20 on 
Plastics. Jurisdictional questions raised 
in the work of these committees are being 
pointed out to the officers with the sug- 
gestion that new problems undertaken 
by any of them be analyzed carefully 
with respect to possible relationship to 
the activities of the other committees. 

In approving the revised statement of 
scope of Committee E-1 on Methods of 
Testing, the Board also reviewed the 
revised regulations governing the activ- 
ities of that committee designed to give 


effect to decisions of the Board set forth 
in its 1947 report. The Board feels thy 
these revised regulations give ever 
promise of accomplishing the objective 
sought in the reorganization of Comm 
tee E-1, although it must be recogniz 
that success of the committee depen 
greatly upon sincere cooperation betwe 
E-1 and the other committees of t 
Society. 

Growing interest in the work of t 
Joint Committee on Chemical Analysi 
by X-ray Diffraction has led to th 
appointment on the committee of repre. 
sentatives of a number of A.S.T.M. 
technical committees. 


District Activities 


As indicated in the Report of the 
Administrative Committee on District 
Activities which is appended (Appendix 
VII), no major administrative matters 
have come up during the past year. The 
districts functioned well under the 
A.S.T.M. District Charter and Manual, 
and as indicated in the accompanying 
table numerous successful and interesting 
meetings were sponsored. The final 
organization of the Ohio Valley District 
is still to be completed. 

Mention should be made of certain 
district activities in connection with 
functions of the Society. The Chicago 
District acted as host during the 1949 
Spring Meeting in March and arranged 
an interesting dinner and program of 
entertainment. The two districts in 
California, Northern and Southern, have 
been a nucleus for the General Com- 
mittee on Arrangements for the first 
Pacific Area National Meeting. The 
Philadelphia District will act as official 
host during the 1949 Annual Meeting in 
Atlantic City and is sponsoring the 
annual dinner and entertainment and 
also the ladies’ entertainment program. 


District Meetings: 


One significant practice which ha 
much to commend it has been particu 
larly prevalent during the year ani 
that is the sponsoring of local meeting 
jointly with the sections and chapter 
of other national organizations. The 
accompanying table indicates wher 
meetings were of a joint nature. 

Several of the district-sponsored meet 
ings were outstanding, including the o1 
in Philadelphia on February 10, 1%! 
the technical program of which con 
prised a Symposium on Industrial Qua 
ity Control. There were over 400 | 
attendance at dinner and at the afternoo 
and evening sessions, in spite of the fa 
that on that day Philadelphia had one 
its heavy snowstorms of the winte 
Another meeting with a large attendance 
was that in New York last October 
which involved domestic house-heating 
with three speakers and an attendan 
of 450. 

President Templin spoke at eleven 
the district meetings, in the easter 
districts giving his paper on “Alum 
inum,” and in California—Los Angel 
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snd San Francisco—speaking on “‘Mech- district meetings, as noted in the table, - 
nical Properties of Metals.” His paper have been published in the ASTM 4 
“Aluminum” and others presented at BULLETIN. 


To provide ample facilities for the effort is made to schedule such meetings _ 
large number of sessions and committee as efficiently as possible. 


meetings and the Eighth Exhibit of ‘ , . 
lesting Apparatus and Related Equip- Pacific Area National Meeting: 


ent at the 1948 Annual Meeting in The first national meeting of ‘the 
the | Detroit, it was necessary to schedule the Society in the Pacific Area at San Fran- 
pre events at three different hotels. By cisco the week of October 10, 1949, 
‘ME careful scheduling of the committee should be an outstanding one. The Board 
meetings so that they dovetailed well of Directors has appointed a General 
‘ith the sessions, there was a minimum Committee on Arrangements, as an- 
f confusion. While it is desirable to nounced in the March, 1949, issue of 
ave all of the annual meeting events in the BULLETIN, which has effectively 
ne hotel if possible, the Detroit experi- organized for the various features of the 
nce indicates that the meetings can be meeting, notably the technical program 
plit if necessary. The Detroit District of 70 papers by outstanding authorities 
Council acting as a committee on ar- in a variety of materials and testing 
rangements sponsored the annual dinner fields, and the entertainment and social 
ind arranged an outstanding entertain- events planned for the week. An import- 
ment program for the ladies. ant feature is the fact that ten technical 
= The 1949 Spring Meeting featured a committees and many of their subcom- 
| Symposium on Aging of Rubbers held mittees will meet throughout the week, 
during Committee Week in Chicago. making this a truly national meeting of 
There were upwards of 1100 registered the Society. 


ONE throughout the week, with approxi- A complete announcement of the 
i) mately 300 committee meetings sched- meeting is being mailed to each member - 
com | vled over five days. and committee member this month, with 
_With the continuing extension of the further details to appear in the July and 7 
Society’s work into new fields and the September BuLLETINs. 
number of technical committees, 
H’'E tbe problem of arranging 300 to 400 1930 Meetings: . 
” meetings of technical committees during The 1950 Annual Meeting, the 
ms week’s period is becoming somewhat Society’s Fifty-Third, will be held at 
lanc acute. Conflicts due to overlapping Chalfonte-Haddon Hall, Atlantic City, 
ober committee memberships areavoidedinso through the week of June 26, with the 
Ue: far as possible, but it is not possible to Ninth Exhibit of Testing Apparatus and 
dane BH ayoid all of these. The problem is further Related Equipment in progress con- 
.| mplicated at annual meetings where it currently. 
en Oe is necessary also to coordinate committee The 1950 Committee Week and Spring 
ister meetings with the technical sessions of Meeting will be held at the Hotel William 
ee the Society. Committee work is so vital Penn in Pittsburgh during the week of 


‘0 progress of the Society that every February 27. 
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A.S.T.M. MEETINGS JUNE, 1948-MAY, 1949, INCLUSIVE. 


Meeting 


Annual Meeting 


Place and Date 


Detroit, Mich. 

Hotels Book-Cadillac, Statler, De- 
troit-Leland 

June 21-25, 1948 


Notes 


19 Technical Sessions 

400 Committee Meetings, 8th Testing Apparatus Exhibit 
Photographic Exhibit 

(Registered Attendance—1768) 


A.S.T.M. 
mittee Week 


Spring Meeting 


Com- 


District or Local 

(sponsored by 
Councils indi- 
cated) 


Chicago, Ill. 

Edgewater Beach Hotel 
February 28-March 4, 1949 
Chicago, Ill. 

Edgewater Beach Hotel 
March 2, 1949 


300 Committee Meetings 
(Over 1100 in attendance) 


Symposium on Aging of Rubbers 
(About 400 in attendance) | 
District Dinner and Entertainment 


Philadelphia, Pa. 
Franklin Institute 
October 13, 1948 


Good Design—On Purpose! by W. T. Bean, Jr. 
(150 in attendance) 


Washington, D. C. 
Wardman Park Hotel 
October 14, 1948 


Aluminum,* by R. L. Templin; The Five Outstanding, 
velopments in Textiles During the Last Decade 
F. Bonnet. 

(125 in attendance) 


Chicago, Ill. 
W.S.E. Headquarters 
October 19, 1948 


Jointly with Western Society of Engineers 
Aluminum,? by R. L. Templin; Remarks, by V. O. McClur 
(85 in attendance) 


New York, New York 
Engineering Societies Bldg. 
October 26, 1948 


Jointly with N. Y. Section A.S.M.E. and A.S.H.V.E. 
Latest Developments in Domestic House-Heating: Electr 
Panel Heating, by H. H. Weber; Hot Water Panel Heating 
by Peter B. Gordon; Heat Pump, by W. L. Knaus. 
(450 in attendance) 


St. Louis, Mo. 
Engineers Club 
November 4, 1948 


Jointly with St. Louis Chapter A.S.M. 

Recent Milestones in Metals and Minerals,° by John D. Su 
livan, presented by Bruce W. Gonser. 

(165 in attendance) 


Philadelphia, Pa. 
Franklin Institute 
November 10, 1948 


Aluminum,* by R. L. Templin 
(135 in attendance) 


Cleveland, Ohio 
Cleveland Engineering Society 
November 16, 1948 


Aluminum,? by R. L. Templin 
(about 100 in attendance) 


Worcester, Mass. 
(New England) 
Sheraton Hotel 
November 19, 1948 


Jointly with New England Section TAPPI ; 

Specifications and Quality Control: The Philosophy 
Specifications,* by Wm. R. Willets and L. S. Reid: Pr. 
tical Quality Control, by G. P. Wadsworth. 

(about 150 in attendance) 


Pittsburgh, Pa. 
Mellon Institute Auditorium 
November 29, 1948 


Weather and Man, by Hans H. Neuberger. 
(75 in attendance) 


Los Angeles, Calif. 
(Southern California) 
Rodger Young Auditorium 
November 30, 1948 


Smog Testing, by L. C. McCabe 
(110 in attendance) 


“New York, N. Y. 
Engineering Societies Bldg. 


.| December 7, 1948 


Television Demonstration and Lecture: Standardizations 
the Television Industry, by R. D. Kell. 
(about 200 in attendance) 


New York, N. Y. 
Engineering Societies Bldg. 
February 3, 1949 


Jointly with N. Y. Section ASME, Machine Design Div. 
Aluminum and Its Uses, Including Application in Mac 

Design,* by R. L. Templin; Film—From Mine to Met 
(150 in attendance) 


Philadelphia, Pa. 
McCallister’s 
February 10, 1949 


Jointly with Phila. and Wilmington Sections A.S. roa 
Symposium on Industrial Quality Control (aiternoo 


Organizing for Quality and Waste Control, by E. 
MacNiece; Study of Process Capabilities and Applicat 
at the Foreman’s Level, by Anthony Oladko; dinner 
dress—Management Looks at Quality Control, by Gene 
D. Armstrong; (evening) Mobilizing for Quality Contr 
by Jos. N. Juran; Lecture and Training Film on 
Control, by Simon Collier. 


(425 in attendance) 


Detroit, Mich. 
Rackham Memorial Bldg. 


February 21, 1949 


Aluminum,* by R. L. Templin; Austin Grant (Radio C# 
mentator) 
(285 in attendance) 
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A.S.T.M. MEETINGS JUNE, 1948-MAY, 1949, INCLUSIVE (Continued). 


Meeting 


istrict or Local 
(sponsored by 
Councils indi- 
cated) 


Place and Date 


Notes 


Rochester, N. Y. 

(Western New York-Ontario) 
Rochester Engineering Society 
March 10, 1949 


Major Sources of Energy, by Eugene Ayres. 
(75 in attendance) 


Los Angeles, Calif. 
(Southern California) 

odger Young Auditorium 
March 15, 1949 


Metals, by R. L. Templin; Trends in Materials Testing 
and Research, by C. L. Warwick. 


Determination and Significance of Mechanical Properties of : : 
(85 in attendance) 


Chicago, Ill. 
Stevens Hotel 
March 15, 1949 


Jointly with Chicago Section A.I.M.E. 

Panel on Critical Materials. Two Speakers, Jos. K. Stone, 
- and R. L. Wilcox; as Part of Chicago Production Con- y 
erence. 


Philadelphia, Pa. 
Franklin Institute 
March 22, 1949 


Industrial Stream Pollution: The Problem, by Norris W. 
Vaux;* The Cure, by W. B. Hart. 
(300 in attendance) 


San Francisco, Calif. 
(Northern California) 
Engineers Club 
March 25, 1949 


Determination and Significance of Mechanical Properties of 
Metals, by R. L. Templin; Trends in Materials Testing 
and Research, by C. L. Warwick. 

(75 in attendance) 


New York, N. Y. 
Engineering Societies Bldg. 
April 5, 1949 


Major Sources of Energy, by Eugene Ayres. 
(65 in attendance) 


Cambridge, Mass 

(New England) 

Mass. Institute of Technology 
April 14, 1949 


a Metals and Alloys: Aluminum,® by R. L. Templin; | 
itanium, by, Bruce Gonser; Magnesium Alloys and ie 
Applications,/ by John C. McDonald. 
(150 in attendance) 


Pittsburgh, Pa. 
University Club 
May 4, 1949 


| (50 in attendance) 


St. Louis, Mo. 
York Hotel 
May 11, 1949 


Smoker: Remarks by R. L. Templin and C. L. Warwick. 


Opacity and Its Development in Porcelain Enamels, by 
Andrew I. Andrews. 


;, Published in ASTM BuLtetin No. 158, May, 1949, p. 45. _ 


Published in ASTM BuLtetin No. 155, December, 1948, p. 16. 
Published in ASTM BuLtetin No. 156, January, 1949, p. 41. 

Published in ASTM Butietin No. 156, January, 1949, p. 39. han 
*Mr. Vaux’s paper available in duplicated form, also Mr. Hart’s notes. 
! Published in ASTM Butietin, No. 15, July, 1949, p. 67. 


Responsibility for the publications of 
the Society is delegated to the Adminis- 
trative Committee on Papers and Pub- 
‘ications. The report of that committee 
is attached as Appendix IV; it reviews 
the activities of the committee and gives 
teresting information about the pub- 
‘tations for the past year as well as 
sme future publications. 

The annual volume of the Proceedings 
1366 pages) and the five Supplements to 


the Book of Standards (1648 pages) were 


the major 1948 publications. The ASTM 
BULLETIN published in six issues com- 


Publications a 


prised a total of 664 pages. Thirteen 
compilations of standards were printed 
during the year and together with various 
special technical publications listed in 
the committee’s report constituted an 
important part of the Society’s 1948 
publications. 

The most important and certainly the 
biggest publication problem now in hand 
is the 1949 edition of the Book of 
A.S.T.M. Standards, which, as already 
announced, will be published in six parts. 
The approximate classification of con- 
tents of these parts has been announced 
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s the members, together with the re- 
vised scale of charges to members for 
procuring more than one part of the 
_ Book on their membership. This year 
for the first time the six volumes will be 
published as a grouping together of 
separate compilations by making up 
and printing the individual compilations 
and overrunning on press the desired 
number of impressions for the Book of 
Standards. This will require special 
_ methods of paging and indexing. 
The 1949 Proceedings are expected to 
exceed in volume those of the preceding 
year, for while the program on papers 
eveloped by the Administrative Com- 
_mittee on Papers and Publications will 
entail about the same number of Pro- 
; ceeding pages as for 1948, the volume of 
committee reports is larger, as is to be 
expected from the steady expansion of 
committee work into new fields. 
The expansion of the ASTM BuLtetin 
from six to eight issues a year, as 
announced a year ago, is being put into 
effect as of July 1, 1949. This will mean 
that for 1949 there will be seven issues; 
_ beginning with 1950, eight issues will be 
published spaced approximately six 
weeks apart. This change-over has in- 
volved adjustment of advertising con- 
tracts and modifications of publication 
_ procedures in the staff. It is the hope of 
the Board that the mechanical cost of 
publishing the enlarged BULLETIN can 
still be met nearly, if not entirely, by 
receipts from advertising as had been 
generally true up to this time. 
One of the problems that lies ahead is 
that of publishing the technical papers 


Administrative Matters 


Proposed Amendment of By-laws: 


The Board of Directors recommends to 
the Society that the following sentence 
in Article I, Section 7, of the By-laws 

dealing with honorary members be 


and discussions that will comprise the 
Pacific Area National Meeting to be held 
next October in San Francisco. The 
committee in charge has developed an 
excellent technical program of 70 papers; 
the majority of these are formal papers, 
many describing new researches, but a 
number are rather brief contributions to 
symposiums on selected subjects. None 
of the papers will be preprinted, but it is 
hoped to have mimeographed copies of 
many of them available at the meeting. 
While a final decision on method of 
publication has not been made, it is 
probable that most of the papers will be 
issued as separate publications in ap- 
propriate groupings in the Society's 
Special Technical Publication series, with 
an STP number and identified as part of 
the Proceedings of the meeting. Such 
STPs would, in accordance with estab- 
lished procedure, be available to members 
at special prices. The several symposiums 
will especially lend themselves to that 
method of publication. Other papers 
may be published in the ASTM 
BULLETIN either in full or as extended 
abstracts. More specific announcement 
of publication plans will be made later. 

A publication development of some 
interest to the Society is the decision of 
the American Standards Association to 
adopt 8} by 11 in., 6 by 9 in., and 5) 
by 72 in. as standard nominal trim sizes 
of American Standards to be published 
by ASA. The inclusion of the 6 by 9 in. 
size, which is in use for all A.S.T.M. 
standards as well as those of many other 
bodies, incorporates our practice into the 


ASA procedure. a 


changed from its present form, namely, 
“The number of Honorary Members shal 
not exceed twenty,” to read: “The 
number of Honorary Members shall be 
left to the discretion of the Board 
Directors.” 
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Until 1945 the number of honorary 
members was limited to ten. In that year 
the Society on the recommendation of 
the then Executive Committee increased 
the allowable number of honorary mem- 
bers to twenty. Consideration of matters 
relating to the election of honorary 
members has led the Board to feel that 
it will be in the better interests of the 
Society if the number of honorary mem- 
bers be not limited in the By-laws but 
left to the discretion of the Board. In 
making this recommendation the Board 
wishes to state that it is not its intention 
greatly to increase the number of honor- 
ary members, but it does feel that the 
bestowing of this honor upon those who 
merit this distinction will be facilitated 
if the present limitation is removed from 
the By-laws as recommended. 

As required by the provisions of the 
By-laws, this proposed amendment has 
already been printed in the notices for 
the Annual Meeting and the Board now 
recommends that the Annual Meeting 
pass the proposed amendment to the 
required letter ballot vote of the Society. 


Regulations Governing Technical Com- 
millees: 


Two revisions in the Regulations 
Governing Technical Committees have 
been under consideration by the Board 
of Directors and each have been ap- 
proved for reference, as required in the 
procedure, to the chairmen of all techni- 
cal committees for advice and consulta- 
tion before final action by the Board. 
These deal with the following subjects: 

Special Procedure for Writing Ultimate 
Consumer Goods Standards.—After full 
consideration of all aspects of the 
problem involved, the Board has ap- 
Proved the following modifications of 
the Regulations Governing Technical 
Committees! to cover the development 


‘1948 A.S.T.M. Year Book, p. S18. 
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of standards in the ultimate consumer 
goods fields wherever it is not feasible 
to establish in the entire technical com- 
mittee the balance of interests between 
producer and consumer prescribed in ord 
regular procedure. It is the intention that — 
any work on standards for the ultimate 
consumer shall be handled within the 
framework of our present committee 
organization but that special provision 
should be made for having consideration 
of such standards in representative 
committees. 


1. Insert at the end of Article I, Sec- 
tion 2 (g): 


An exception to this rule may be involved in 
certain actions connected with ultimate con- 
sumer goods as set forth in Article III, Section 
14 (c). 


2. Add the following to Article II, 
Section 9: 


(See also Article III, Section 14 (c)). 


3. Change Article III, Section 14 (c) 
to Section 14 (d). 

4. Insert the following new Section 
14 (c): 


14 (c). In certain cases of actions involving 
ultimate consumer goods it may not be feasible 
to establish in the appropriate existing technical 
committee the balance of interests concerning a 
particular item of consumer goods as prescribed 
in Article I, Section 2 (g). In such cases where 
recommendations regarding standards or recom- 
mended practices involve ultimate consumer 
goods, the following special provisions shall 
apply. The technical committee may refer 
the matter with proper recommendations to a 
special subcommittee which shall consist of not 
fewer than nine members and to which shall be 
applied (rather than to the technical committee) 
the balance of interests as prescribed in Section 
2 (g) including representation of the ultimate 
consumer. Recommended action by such a sub- 
committee shall be by not less than two-thirds 
affirmative vote by letter ballot. Such subcom- 
mittee recommendations shall be addressed to 
the technical committee and shall then be 


) or (0). 
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The significant change is embodied in 
the new Section 14 (c) which establishes 
special provisions there set forth which 
may be followed by a technical com- 
mittee where it is not feasible to establish 
in the entire committee the balance of 
interests concerning a particular item 
of consumers goods specified in Article I 
of the Regulations. 
This modification of the Regulations 
is already in the hands of all technical 
baer gga chairmen for their advice, 
and the amendment will not become 
effective until the Board has considered 
such advice. 
Numeric Balance of Members of Tech- 
nical Commiltees.—Acting upon a pro- 
posal of Committee D-2 on Petroleum 
_ Products and Lubricants that the present 
provision in Article I, Section 2 (g) of the 
Regulations concerning the balance be- 
tween producer, consumer, and general 
interests be replaced by the provision 
on this matter that was in effect prior 
to the adoption of the present wording in 
- 1934, the Board believes that it is de- 
_ sirable to make the following amendment 


of this portion of the Regulations: 
_ Change the present wording, namely, 
Substantial balance with respect to interest 
shall exist between the general classifications of 
_ members appropriate for various types of stand- 
_ ards and no one classification shall have a major- 
ity save with the recorded assent of the other 
_ Classifications. In no case shall the number of 


producers exceed the combined number of con- 
-sumers and general interests. 


to read as follows: 


_ On such committees either an equal numeric 
balance shall be maintained between the pro- 
‘ ducers on the one hand and the consumers and 
general interests, jointly, on the other hand; or 
the consumers and general interests may be al- 
_ lowed to predominate in the absence of objection 
_ by a majority of the producers. Thus a substan- 
tial balance may be permitted to exist between 


the three general classifications of members on 
technical committees. 


For ready reference, following is the 
wording of this provision of the Regula. 
tions that existed prior to 1934: 


On such committees either an equal numeric 
balance shall be maintained between the pro. 
ducers on the one hand, and the consumers and 
general interests, jointly, on the other hand; or 
the consumers and general interests may be 
allowed to predominate by majority vote of the 
producers. 


The Board has concluded that the 
proposed wording is to be preferred as | 
indicating more directly the equality of 
representation between producers and 
non-producers that is basic in the 
philosophy of A.S.T.M. committee work. 
An objection to the adoption of the 
earlier wording, in that it required an 
actual vote of producers in order that 
consumers and general interests may be 
allowed to predominate on a committee, 
is obviated in the revised wording by 
providing that such preponderance of 
consumers and general interests may 
exist in the absence of objection by the 
producers. In view of the conditions 
that exist in the work of many commit- 
tees where substantial balance between 
producers, consumers and general inter- 
ests is found to be a desirable feature of 
the committee organization, the conclu¢- 
ing sentence of the proposed amendment 
has been included to point out that such 
balance between these interests may be 
permitted to exist under the revised 
Regulations. 

This revision of the Regulations was 
acted upon at the May meeting of the 
Board and has just been referred to the 
technical committee chairmen for advice 
and consultation, not to become effective 
until such advice has been received an¢ 
considered by the Board, concernisi 
which formal announcement will b 
made. 


Headquarters Staff: 
Further progress has been made durin: 


: 
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the year in enlarging the headquarters 
staff to meet the work-load imposed by 
growing technical, publication, and ad- 
ministrative activities. During the latter 
alf of 1948, the staff additions men- 
tioned in last year’s report as authorized 
vere made, namely, a young technically 
trained man to work on development of 
membership and publication sales under 
the Assistant Secretary, a stenographer 
in the same department, and an addi- 
tional bookkeeper in the finance depart- 
ment. In January, 1949, a young engineer 
was engaged for the corrosion test-site 
program already mentioned and since 
May 1 has been devoting half his time 
to regular staff work on the general 
Society salary roll. In this latter capacity 
he will engage primarily in staff service 
to technical committees, especially those 
working in the corrosion and related 
fields. A new stenographer in the editorial 
department and an assistant shipper 
bring the staff as of this date to 52, of 
whom 13 are on the administrative and 
technical staff and 39 on the secretarial 
and clerical staff—an increase of six 
during the year. In addition, several 
clerks and stenographers are employed 
from time to time on a part-time basis 
to meet peak load conditions. 

Some staff expansion in the editorial 
department beyond that above men- 
tioned has been provided for in the 1949 
budget. 


Society Headquarters: 


The Society Headquarters and its 
appointments are well suited to the 
requirements of the members and com- 
mittees of ‘the Society and to the daily 
work of the staff. Many have been the 
compliments of visitors, and the members 
who have used the meeting and other 
facilities frequently express their gratifi- 
cation in the Society’s having such a fine 
building of its own as its headquarters. 
During the calender year 1948 there were 


93 committee meetings and conferences 
held in the building, including four meet- 
ings of other organizations, to whom the 
Society is always pleased to extend this 
courtesy. 

A few minor alterations have been 
found advisable, particularly one to 
enlarge the accounting room by closing 
a little-used entrance and eliminating a 
corridor. Repairs have been practically 
nil, although some outside painting and 
rebuilding of a portion of the roof have 
been done. These are all charges against 
Headquarters’ Occupancy Expense in 
the general budget. 

Financial Aspects.—Later in this re- 
port, in the section on finances and in the 


auditors’ report covered in Appendix I, 


is given full information regarding the 
operations of the Building Fund through 
which the purchase of the headquarters — 
was made. The headquarters building is 
carried on the balance sheet as an asset 
after depreciation of $175,818.12. The 


building is nearly clear of indebtedness, 


there being only a note payable to Gen- 
eral Funds of $14,500 as of May 31, 1949, — 


Provision is made in the general budget | 


under Headquarters Occupancy Expense ~ 
to pay off this loan at the rate of approxi- — 
mately $1130 a year, but it is hoped that 
further contributions to the Building 
Fund will make possible a more rapid 
reduction of that indebiedness. 

Another item of interest is that the 
cost of operating the headquarters build- 
ing, including full depreciation charges 
and portions of staff salaries chargeable 
to management and maintenance service, 
is estimated for 1949 at about $2.25 per 
sq. ft., which represents an “equivalent 
rent” considerably less than for com- 
parable facilities elsewhere in Phila- 
delphia. 


Award of Merit: 


The Board of Directors has decided to 
establish an A.S.T.M. Award of Merit as 
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a means of recognizing individuals who 
have rendered distinguished service to 
the Society. The nature of the award and 

_ the rules for selecting those to whom it 
shall be granted are set forth in the 
following statement: 


A.S.T.M. AWarp oF MERIT 


1. Establishment of Award.—The Society 
shall establish an “Award of Merit” which 
may be granted annually at times and 
places determined by the Board of Direc- 
tors, to individuals for distinguished Service 
to the Society as hereinafter provided. 


2. Basis of Award.—Any or all of the 
- following types of service shall be considered 

as the basis for the Award of Merit: 

(a) Long active productive service in 
A.S.T.M. committee work. 

(b) Marked leadership in technical, ad- 
ministrative, or special committee 
or society activities. 

(c) Outstanding contribution in the form 
of research, development of ap- 

* paratus, or test methods and proce- 
dures not specifically recognized or 
duplicated by any of the other 
Society awards. 

(d) Publication of papers that have been 
of special benefit to the work of the 
Society or of a committee. 

(e) Outstanding activity orservice that has 
particularly advanced the Society’s 
prestige, standing, or interest. 

(f) Any distinguished service to the So- 
ciety not herein otherwise speci- 
fically provided for. 

3. Number of Awards.—The number of 
awards granted in any one year shall not 
: exceed one per 750 members, or fraction 

thereof. 

4. Method of Selection.— 

(a) The awards shall be granted by the 
| Board of Directors on recommendation of a 

special “Award of Merit’? Committee of five 
to be appointed annually by the President, 
with approval by the Board, on or before 
January 1 of each year. One member of the 
Committee shall be from the Board of Di- 
rectors, to serve for one year. The term of 
' the other four members shall be staggered, 
and of 2 years’ duration. 


(b) One nomination, accompanied by an 
appropriate citation, may be made annually 
(but not necessarily need be made annually) 
by each technical committee, by its Ad. 
visory Committee, or by a special committee 
appointed by the Chairman or appointed 
by the Advisory Committee. 

Other nominees may be selected by the 
‘Award of Merit’? Committee from members 
participating in other areas of the Society’s 
work. 

(c) Provided qualified candidates ar 
available, it is the intent that the awards 
made annually from among technical com- 
mittee members be equitably distributed 
among the several general committe 
groups A, B, C, D, and E. 

(d) All nominations for the Award of 
Merit shall be in the hands of the Executive 
Secretary of the Society for consideration 
by the “Award of Merit” committee not 
later than February 1 of each year. 

5. Form of Award—The “Award of 
Merit” shall consist of an appropriate certi 
ficate, duly authenticated, bearing in suit- 
able manner the name of the Society and the 
name of the award in such form and manner 
as may be designated and approved for this 
purpose by the Board. A special ‘‘Award of 
Merit” pin or button, appropriately de- 
signed, shall be made optionally available for 
purchase by those to whom the award i 
granted. 


It is planned to make the first such 
awards in 1950. 


Harold deWitt Smith Memorial Awari. 


The Board is pleased to be able t 
record in this report that the Society’ 
Committee D-13 on Textile Material 
has been selected to administer the 
award of the Harold deWitt Smith Mem 
orial Medal for Achievement in the 
Science and Utilization of Textile Fibers 
This award has been established by th 
Fabric Research Laboratories, Inc., 
member of the Society, to commemoratt 
the memory of the late Harold deWit 
Smith, who was an outstanding tec! 
nician in the textile field, an acti 
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member of Committee D-13, and the 
Marburg Lecturer in 1944 on “Textile 
Fibers—An Engineering Approach to an 
Understanding of Their Properties and 
Utilization.” Rules governing the estab- 
lishment and administration of the 
award have been set up by the officers of 
Committee D-13 in conference with the 
donor and have been published for infor- 
mation of all concerned in the ASTM 
BULLETIN and in various textile journals. 


Dudley Medal Award: 


In view of the increase in the number of 
papers that must be reviewed each year by 
the Committee on Dudley Medal Award 
ind the advisability, as shown by experi- 
ence, of providing some measure of contin- 
iity on the committee in successive years, 
ithas been decided to enlarge the com- 
mittee from three to six members with 
the members serving for three-year 
terms on a rotation basis. The Board will 


On June 1, 1949, the membership of the 
Society totaled 6620, compared with a 
total of 6438 on June 1 one year ago. 
Statistics showing gains and losses in 
various classes of membership are shown 
in the following table: 
uch 
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Membership 


designate the chairman of the committee 
each year from one of the two senior 
members. The committee will also be 
appointed in June of each year permitting 
an earlier start on its work. | 


Exhibits of Apparatus: 


Questions having arisen regarding the 
exhibiting of commercial testing equip- 
ment either at committee meetings or in 
connection with sessions of an annual 
meeting when the ASTM Exhibit of Test- 
ing Apparatus and Equipment is not being 
held, the Board has decided to permit the 
exhibit of commercially available appara- 
tuson such occasions providing the exhibi- 
tor will pay a suitable charge as in the 
regular Society exhibit. However, if a 
group desires to exhibit apparatus devel- 
oped privately and not available commer- 
cially and is prepared to set up such an 
exhibit, no charge would be made for — 
such an arrangement. | 


greater net increase due to fewer losses 1. 
from resignations, delinquency and 
deaths. The net increase of 182 for the 
year is about one-third greater than the 
net increase of 125 for the preceding year. 

It is encouraging that in contrast to © 


| Membership Losses Additions Total 
| June 1, | June 1,| Resig- | d|Death| Ttans- | Trans- | Elec- | 7... | Gai In- 
| 1948 1949 [nations | | Ve fer fer | tion | crease 


324 | 336 | 


* Net loss. 


It will be noted that 626 new members 


witt | "te elected, compared with 644 for the 
preceding year. But with slightly fewer 
ctive |” Members, there nevertheless was a 


considerably fewer members through the 
first quarter of 1949 the months of April 
and May have been among the best the 
Society has had for new members. 
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_ Through May, the five-month figure for 
“new members was 384, which is just 

ahead of the corresponding figure for 

1948. This good showing for these past 
two months is in part due to considerable 
promotional effort which the Board has 
felt should be given to membership 
work. 

In the procurement of new members, 
the activities of our Membership Com- 
mittee and of other members of the 

Society should be noted. Many of our 

members have been very helpful in 
suggesting the names of individuals and 
companies who should find membership 
of benefit, and many new members have 
resulted from such help. The Board is 
very appreciative of these efforts. | 


Suslaining Members: 


There have been 12 new sustaining 
_ members acquired, and there were six 
losses, two of these being transfers to 
company membership. The 12 new sus- 
taining members are: 


Burroughs Adding Machine Co. 
California Research Corp. 
_ The Colorado Fuel and Iron Corp. 
Continental Oil Co. 
Dominion Bridge Co., Ltd. 
General Petroleum Corp. 
Interchemical Corp. 
The Glenn L. Martin Co. 
Mid-Continent Petroleum Corp. 
Pennsylvania-Dixie Cement Corp. 
The Permanente Metals Corp. 
Southern Pacific Co. 


50-Year Members: 


There are ten individuals and 
companies as noted below that have been 
connected with the Society continuously 
for 50 years. Eight of these memberships 
date from 1898 when the forerunner of 
A.S.T.M. was the American Section of 
the International Association for Testing 
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Materials. Though the Society was not 
officially incorporated until 1902, it has 
been deemed fitting to recognize the year 
1898 in connection with the awards to 
long-time members. This year, 50-Year 
Certificates of appropriate design will be 
awarded for the first time. The members 
thus to be recognized are as follows: 


American Foundrymen’s Society (1898) 
Bethlehem Steel Co., Inc. (1898) 
Booth, Garrett & Blair (1898) 
Carnegie-Illinois Steel Co. (1898) | 
Allan W. Dow (1898) 

Robert W. Hunt Co. (1899) 

Franklin Institute (1898) 

William K. Hatt (1898) 

The Lowe Brothers Co. (1899) 
William Mueser (1898) 


40-Year Members: 


Since the plan of awarding certificates 
commemorating forty years of continu 
ous membership in the Society was ¢ 
tablished, 138 such certificates have thu 
far been awarded and this year the fol- 
lowing 20 companies and_ individual 
have qualified: 


Bird and Son, Inc. 

George W. Borton 
W. Boughton 

Joseph Brobston 

“Commonwealth EdisonCo. 

Electrical Testing Laboratories, Inc. 

W. H. Fulweiler 

General Electric Co., River Works 
Heppenstall Co. 

The Midvale Co. 

Phelps Dodge Copper Products Corp., Amer 

can Copper Products Division 

Raymond Concrete Pile Co. 

Schenectady Varnish Co., Inc. 

The Sherwin-Williams Co. 

Herbert Spencer 

Tulane University of Louisiana 

Isaac Van Trump 
Western Electric Co., 

Works 

Westinghouse Air Brake Co. 
Alfred H. White 
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Deaths: 


The Society has lost the following 35 
nembers through death: 


) Date of 
Member- 
r ship 
1937 
. Ashworth, Joseph A............ 1937 
Broadhurst, W. 1899 
Edwards, Warrick Rigeley...... 1902 


Elphinstone, Lewis M.......... 1941 


Ferguson, Lewis R............. 1909 
1905 
1937 
1947 
Jackson, Lawrence B........... 1946 
Kittredge, Harvey G........... 1903 
1923 
Macht, Maurice L............. 1945 
Marnes, A... . 1932 
1931 
tes Paterson, Clifford C............ 1918 
Powers, Frank T....... 1939 
Quimby, Henry H............. 1903 
es Seiler, J. F.... 
hus Shankland, Archibald D.. 1934 
Siegel, Harold 1947 
Thompson, Sanford E,......... 1904 
|) 1929 
1912 
Tompkins, Haldan M.......... 1935 
Weber, Charles G.............. 1948 
1943 


In addition to the above, the following 
representatives of company members of 
the Society passed away: 


H. H. Craver, Pittsburgh Testing Laboratory 
John L. Foulke, A. & M. Karagheusian, Inc. 
Henry C. Frey, Patek Bros., Inc. 
William Gaertner, Gaertner ‘Scientific Corp. 
Grover C. Holder, Foster Wheeler Corp. 
Howard H. Leh, Keystone Portland Cement 
Co. 
: M. Lurie, Rogers Corp. 
H. Meloche, American Radiator and 
Sanitary Corp. 
_ E. Moore, National Electric Products 
0 


J. ae Zander, Sand-Lime Brick Assn. 


ythors! 


From the dates of membership for the 
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udividual members it will be nc noted | that 
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several had been affiliated with the 
Society continuously for over forty years. 
In the early years of the Society Messrs. 
Broadhurst, Edwards, Fry, Quimby, 
Shuman, and Thompson were very 
active and some of the men continued to 
be so until the past few years; in fact, 
Mr. Thompson for whom the Sanford E. 
Thompson Award is named in recogni- 
tion of his outstanding work in Com- 
mittee C-9 and as its first Chairman, 
attended the 1948 Annual Meeting. Mr. 
Quimby had been a member of the 
A.S.T.M. Board of Directors, and Mr. 
Shuman was also a former officer of the 
Society and an Honorary Member. . 
Lawford Fry rendered distinctive service 
to A.S.T.M. not only in the field of steel 
in which he was an authority but in 
numerous other capacities. He also was 
a former member of the Board. 

V. J. Altieri, who served on several 
technical committees, notably D-3 on 
Gaseous Fuels, was very active in the | 
work of the New England District and { 
was the Chairman of its Council when 
he died. Prof. Charles A. Marlies did a 
great deal to stimulate interest in the 
Society on the part of his numerous 
students at the City College of New © 
York. Charles G. Weber, an authority in | 
the field of paper and paper testing, was a 
most active member of Committee D-6 
on Paper and Paper Products, and also 
of Committee D-10 on Shipping Con- 
tainers. M. L. Macht gave valuable 
service to Committee D-20 on Plastics. 

A number of the representatives of 
company memberships including H. H. 
Craver, William Gaertner, Grover C. 
Holder, Howard H. Leh, and R. W. E. 
Moore, rendered valued services to the 
Society in various ways. 

In noting the deaths of these men, the 
Board of Directors wishes to record its © 
appreciation for the efforts of all of them 
in supporting and advancing A.S.T.M. 
activities. 
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Report for the Fiscal Year 1948: 


The annual statement of the finances 
of the Society is presented in the form 
of the report of the auditors for the fiscal 
year January 1 to December 31, 1948, 
which appears in Appendix I. The report 
gives the balance sheet of assets and 
liabilities, including general funds, build- 
ing fund, and other special and desig- 
nated funds; a statement of receipts and 
disbursements classified into “operating” 
(budgeted) and “nonoperating”’; details 
of the building fund and of special funds; 
and investments of Society funds. 

Total operating receipts were 
$520,554.62, the largest in the Society’s 
history. Of this amount receipts from 
dues and entrance fees were $199,891.76 
or 38.4 per cent; receipts from sales of 
publications were $269,951.60 or 51.9 
per cent; receipts from miscellaneous 
sources consisting principally of advertis- 
ing, interest and dividends, registration 
fees, and exhibit, total $50,711.26 or 
9.7 per cent. Receipts from publication 
sales were at an all-time high and reflect 
strong demand throughout the year for 
the Book of Standards and Supplements 
and for the various compilations of 
standards. It is significant that approxi- 
mately 84 per cent of publication sales 
are accounted for by publications grow- 
ing out of our standardization work, the 
- remaining 16 per cent comprising sales of 
Proceedings, technical papers, BULLETIN, 
and various special and miscellaneous 
publications. This shows strikingly the 
value of the Society’s publications as a 
major source of operating income, with- 
out which it would be impossible within 
the existing dues structure to render to 
the members the services that are now 
given. 

Operating disbursements with all cur- 
_ rent bills paid (as detailed in the auditors’ 
- report) and including $20,000 placed in 


the reserve for the next t Book of Stand. 
ards were $459,427.25. Of this amount 
$196,879.90 (including the above-men. 
tioned reserve) was spent for publications 
and $154,273.73 for salaries, comprising 
about 76 per cent of the total. (A year 
ago this ratio was approximately 80 per 
cent.) The remaining disbursements of 


$108,273.62 were divided among item: 
of general office expense, expense of 
technical committees and district coun- 
cils, meetings, headquarters occupancy 
(equivalent rent), employees retirement 
fund, and miscellaneous items. 

The usual payment into the principa 
of the A.S.T.M. Research Fund of one- 
half of the current entrance fees of about 
$2500 was deferred, as was also done a 
year ago, the Board feeling that the 
monies involved can be used at the 
moment to better advantage in support 
of expanding staff activities. 

The difference between operating re- 
ceipts and disbursements constitutes a 
favorable operating balance of $61; 
127.37, which is nearly 12 per cent of 
current receipts, compared to deficits o! 
$27,911.11 in 1946 and $2322.60 i 
1947. In effect this has been made 
possible by the increase in dues effective 
January 1, 1948, and the sustained pub- 
lication sales, and provides the Society 
with funds to apply to 1949 operations 
to which reference is made belqw. 

An informative analysis of current 
receipts and disbursements can be made 
on the basis of the “income dollar” ané 
how it was used. Thus, of each dollar 0 
current receipts in 1948, 

37.4 cents came from dues, 

1.0 cent from entrance fees, 
51.9 cents from publication sales, 
4.2 cents from advertising, _ 
1.9 cents from the exhibit, 
1.3 cents from interest, and 
2.3 cents from miscellaneous sources 
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We used this income dollar by spending 


35.9 cents for development and pub- 
lication of standards and re- 
ports, 

17.6 cents for research, papers and 
discussions, and 

34.8 cents for administration—mem- 
bership and finances, meetings, 
sales expense, certain publica- 
tions, promotional activities, 
etc.,—leaving 

11.7 cents over for surplus account 
available for Society operations. 

[he auditors’ report shows total assets 

all funds (general funds, building 
nd, and special and designated funds) 

$584,943.65. The report also includes a 


ummary of the comparative financial 


sition of the Society for the past five 


years. The surplus in the General Funds 
count on December 31, 1948, was 
227,160.50 compared to $157,418.09 a 


ago, an increase of $69,742.41. Most 
this, of course, comes about from the 
worable operating balance of 1948. 
ther contributing factors are profit on 
le of investments and improved posi- 
n in accounts receivable versus ac- 
ints payable. While this increase in 
plus is, of course, a gratifying develop- 
it, the ratio of surplus to operating 
bursements at current levels is only 
“out 50 per cent; or expressed in an- 
uet way, the surplus is equivalent only 
six months’ operations. The Board of 
Jirectors would like to strengthen this 


iuplus position and has the matter 


uder consideration. 

Building Fund.—The auditors report 
‘9 includes a statement of cash receipts 
aid disbursements in the Building Fund 
‘well as a balance sheet for the Fund as 
“December 31, 1948. The final cost of 
juchasing and establishing the Society 
Headquarters can now be stated as 
14,518.12, towards which there has 
0 received a total of $166,407.12 in 


from members—a truly 


| 


splendid and inspiring showing. Other 
receipts during the life of the Building 
Fund are shown in the report. The bal- 
ance of mortgage on the property due 
December 31, 1948, has been paid off, 
for which purpose a further loan from 
A.S.T.M. General Funds to the Building 
Fund of $7000 was made as indicated. 
This results in an indebtedness in the 
Building Fund of $17,000 as of December 
31, evidenced by a 4 per cent note pay- 
able to General Funds. 

The auditors’ report also shows that 
there was paid into the Building Fund 
from General Funds of the Society the 
sum of $5500 as reserve for depreciation, 
this constituting a charge in the general 
budget against headquarters occupancy 
expense. This added to a previous pay- 
ment of $3200 sets up a depreciation 
reserve of $8700, so that the Head- 
quarters Building is now carried as a 
depreciated asset of $175,818.12. 

While not strictly a part of the report 
for the fiscal year 1948, it may be men- 
tioned here that further contributions to 
the Building Fund received in the first 
five months of 1949 have made it possible 
to repay as of May 31, 1949, $2500 of the 
above-mentioned $17,000 note, reducing 
that indebtedness to $14,500. 

Investments.—Investments of Society 
funds as of December 31, 1948, are given 
in the auditors’ report, both book and 
market values being shown. As of that 
date the book value of all investments 
was $263,779.30; the market value of 
these investments was $238,101.14, a 
depreciation of approximately 10 per 
cent. On the basis of market values 71.9 
per cent of investments were in bonds, 
9.2 per cent in preferred stock, and 18,9 
per cent in common stocks;Government 
bonds constituted 62.5 per cent of all 
securities. 

The following changes during the fiscal 
year in the investment portfolio are 
noted: 
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The profit on sale of common stocks 
reported above in General Funds was 
$7313.66 and in the Research Fund, 
$2272.87. A loss of $89.41 was involved in 
the sale of the Treasury Bonds in the 
Building Fund. 

No account has been taken in the 
accompanying financial statement of the 
assets of the Society in the form of 
publications in stock. An inventory of 
the principal technical publications as 
of May 1, 1949, may be summarized as 
follows: 


Proceedings (All back copies and incl. 1948)..... 3660 
1946 Book of A.S.T.M. Standards 
610 
767 
1947 eo to Book of Standards 
1948  Saggnoments to Book of Standards 
A.S.T.M. Methods of Chemical Analysis........ 008 


Compilation of Standards....................... 
Selected Standards for Students 
and Special Reprints........ 
ee of Standards (approximate) 
ex to A.S.T.M. Standards (1948)....... 
Radiographic Standards 
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Posse 1949 Finances: 
Bought Cost 
Federal Intermediate Credit Bank Deben- 0) The current year, being the third year 
$20 000 U. Treasury Bonds 2%, 1949-81... °20275.00 in the triennial publication period 1947- 
$44875.00 48-49, is one in which disbursements are 
Sold Received normally expected to exceed receipts 
19 shares American Cyanamid Co. 5% Cum. 
Pia. (called) $200.50 since disbursements include the princips 
100 shares Atlantic Refining Co.Common.. 4 263. ° ; 
100 shares S. S. Kresge Co. Common....... 3 716.25 costs of the new triennial Book 0] 
100 Mathieson Chemical Corp. Common... 3661.10 Standards and receipts are reduced by 
75 shares J. C. Penney Co. Common....... 3 473.57 
6o shares Texas Co. Common... eee 3 795.08 the lessened volume of sales of the curren; 
ypsum Book and its Supplements. It will 
.09 
ome seen from what follows that 1949 cop. 
Researcu f t thi tt h 
Bow Cus forms to this pa ern inasmuch as operat. 
ederal Intermediate Credit Ban eben- har 
$5400.00 9g receipts ¢stimated at less than 
100 shares Ohio Oil Co. Common........... 710.85 j ( 
16 shares U.S. Gypsum Co. Common..... 1 689.90 In prcparmg the bu get 1945 
operations, the Board has estimated 
current receipts at $488,000, made up oi 
Sold Received $207,000 from dues and entrance fees 
$6500 U. S. Treasury Bonds 24, 1967-72..... $6 512.19 


$237,500 from publication sales, an 
$43,500 from receipts from miscellaneou: 
sources, principally advertising, interes 
and dividends, and registration and other 
fees. 

The budget of disbursements has bees 
fixed at $521,250. The two principd 
items are, as usual, cost of publications 
and salaries. The budget for publication 
is $213,750, which takes as full account a 
possible of the growing size of tl 
Society’s publications and makes allov: 
ance for increases in printing costs the 
became effective early in 1949. Provisia: 
is made for meeting most of the cost ¢ 
the 1949 Book of Standards from cur 
rent’ income and the $40,000 Book ¢ 
Standards Reserve, leaving a 
roughly estimated at $30,000 to be pai: 
from income in 1950 when the books 
be completed. The salary budget « 
$170,000 provides for certain expansit 
of staff necessitated by the consté 
growth of technical and administrati 
work. 

In the remaining sections of the buds 
provision has been made for meet 
the normal operating expenses of # 
Society. The sum of $7000 has 
budgeted for expenses of the Ps co 
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\rea National Meeting in this year; this 
joes not include the cost of publishing 
at f papers, which will constitute a 1950 
expenditure. The sharp increase in postal 
are B rates has added approximately $9000 to 


ts, the Society’s operating expenses this 
pal year. 

ff Thus the budget as set up anticipates 
by # an operating deficit of $33,250. It is 
eit # hoped, of course, that the estimates are 


mservative and that actual operations 
O0-§ for the year may be balanced or at least 
rat: ® that the deficit may be much less. Such 
ual § deficit as may be incurred will be 
met from surplus from the previous 

year’s operations. 
le complete reference to 1949 finances 
pol thus far this year, it is noted that during 


lees, the first five months the following secur- date was $241,690.93. 
and 

Retirement Planfor Employees 


During the year three employees, out 
of five newly eligible, joined the Retire- 


bee: ment Plan, bringing the total number of 
ipa participants to 28 out of 37 eligible em- 
lols ployees. All of the eligible men on the 
staff are participating, and most of the 
nta® nine women who have not joined the 
th plan are new and younger employees. 


In addition, new retirement policies were 
lie taken out for five employees to bring 
o'® their retirement incomes closer to those 
St OR specified in the Plan. 

An important amendment to the Plan 
was adopted by the Board, effective on 
sun the anniversary date of May 3, 1949. 


> PE Heretofore the Plan has required each 
SWE employee to contribute 23 per cent of 
et entire salary, including any portion over 
ansi® $5000, whereas the formula for retire- 
usta ment benefit is based upon a $5000 salary 
rai Maximum. The purpose of the earlier 


provision was to keep the Society’s costs 
down, since the funds available for this 
purpose when the Plan was started eleven 
§ years ago were very limited. The Board 
feels that this somewhat inequitable 
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ities were purchased for the General — 
Funds: 50 shares Gulf Oil Corp. com- | 
mon, 100 shares Ohio Oil Co. common, ; 
100 shares Philadelphia Electric Co. 
common and 100 shares Chase National 
Bank common, totaling $11,469.23, and 
$5000 Federal Intermediate Credit Bank 
Debentures. On June 1, $30,000 Federal 
Intermediate Credit Bank Debentures 
matured and the proceeds have been 
invested in U. S. Savings Bonds, Series — 
G, $24,600 for General Funds and $5400 a 
for the Research Fund. 

The total book value of Society invest- 
ments as of May 31, 1949, in all funds 
was $280,248.53. The Society’s cash 
balance in General Funds as of the same 


situation can now be rectified by limiting 
employees’ contributions to 2} per cent 
of salary up to $5000, crediting back 
contributions in excess of the 2} per cent 
of the $5000 maximum in the case of 
five employees affected on the premise 
that the empioyee has purchased there- 
with additional retirement income on a 
personal basis, and making up the deficit 
created by this credit by Society contri- 
butions to provide equivalent retirement 
income. The Plan has accordingly been 
amended and the adjustments made as 
of 1949. 

The Society’s total contribution in 
premium deposits for retirement policies ; 
for the above-mentioned 28 oximately 


is at the annual rate of approximately 
$13,750, which is roughly 8 per cent of the 
present salary roll and 2) per cent of 
estimated current disbursements. The — 
total of employees’ annual contributions, © 
including insurance benefits which most : 
of them have elected, is approximately . 
$3250. 
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Cooperative Activities 


The Society’s many cooperative rela- 
tions with other organizations have con- 
tinued during the year along lines of well- 
established policy and mention will be 
made here only of a few of the more sig- 
nificant happenings and certain new de- 
velopments during the year. 

Cooperation with the Federal Speci- 
fications Board and its various technical 
committees has been continued to the 
mutual advantage of Federal and 
A.S.T.M. specification work. Contacts at 
the staff level are maintained which serve 
to keep the staffs and through them the 
committees of the two organizations in- 
formed of important developments in 
specification activities. Committees of 
the Society continue to review many 
Federal specifications in draft form. 

The A.S.T.M. Ordnance Advisory 
Committee met with officers and staff of 


the Research and Development Branch 


of the Ordnance Department in October, 
1948. Advisory services that the commit- 
tee has been rendering on plastics, ad- 
hesives, and rubber were reviewed. 
Advisory services relating to tests for 
engine antifreezes have been arranged 
through the Society’s Committee D-15 
on that subject. The Ordnance Depart- 
ment has under preparation a certain 
type of specification for steel parts for 
ordnance materiel, concerning which the 
advice of the Ordnance Advisory Com- 
mittee will in due time be requested. 
Some problems relating to low-tempera- 
ture and flexible barrier packaging mate- 
rials have been discussed. 

Upon invitation from the Munitions 
Board, Neil A. Fowler has been desig- 
nated as the Society’s representative on 
the Packaging, Storage, and Materials 
Handling Industry Advisory Committee 
of the Munitions Board. Mr. Fowler is 
also a member of the above-mentioned 
Ordnance Advisory Committee thus ty- 


ing in the Society’s advisory services t; 
these two government groups. The ap. 
pointment was made after consultation 
with the chairman of Committee D-10 o 
Shipping Containers. 

The Technical Secretary participated 
in a Seminar on Industrial Standardiz. 
tion held in Washington on March 17 
1949, under the auspices of the Industria 
College of the Armed Forces. The pu- 
pose of the seminar was primarily 
furnish information regarding the map- 
ner of operation of such standardizing 
bodies as the A.S.T.M., the America 
Standards Association, and the Aircraf 
Industries Association. Discussion in tl 
seminar brought out the extent of 
operation of the Armed Forces 
A.S.T.M. committee work. 

The Society has joined with the § 
ciety for Applied Spectroscopy in forming 
a Joint Committee on Nomenclature i 
Applied Spectroscopy and has appointe 
a number of members of Committee E:) 
on Spectrographic Analysis as A.S.T.M 
representatives on the joint committe 
The personnel of the joint committee w: 
published in the March issue of t 
ASTM BULLETIN. 

In response to an invitation from t 
Division of Cellulose Chemistry of t 
American Chemical Society, arran 
ments are being made to coordinate ct! 
tain standardization activities of tu 
Division with work of several A.S.T.J 
committees interested in cellulose matt 
rials by appointment of A.S.T.M. repr 
sentatives on the Committee on Stat 
ards and Methods of Testing of | 
A.C.S. Division. 


The Society is holding a joint meetiff, |.” 


with the American Statistical Associatié 
in connection with the annual meeting 
that organization in New York 26% 


December. The meeting will deal wig.” ™ 


the subject “Statistical Design of Ex s 
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ering Tests” and will serve to bring to 
yar on a problem of great significance to 
gineers in the field of tusting the nota- 
contributions of the mathematician 
the field of statistics. 
For some years the Society has par- 
‘cipated in the activities of the American 
Documentation Institute, a non-profit 
poration for the promotion and de- 
pment of documentation in scholarly 
nd scientific fields, the members of 
jich are nominated by agencies in those 
ids. The Society has been such a nom- 
mating agency, with Roy W. Crum as its 
representative. This arrangement has not 
avolved any financial support of the 
institute. Recently the organization of 
Institute has been placed on a more 
mal basis and the Board of Directors 
saccepted for the Society an invitation 
continue participation in the work of 
the Institute as a contributing member 
$50 annually. 


‘B American Standards Association: 


The Society’s technical relationships 
ith the work of the American Standards 
Asociation come largely under the re- 
sonsibility of the Administrative Com- 
ttee on Standards, and the report of 
at committee (see Appendix II) dis- 
ses a number of matters that have 
eloped during the year. 

Mn the administrative side the Board 
Directors has continued to follow the 
‘scussions that are taking place in the 
imerican Standards Association con- 
‘ming the matter of incorporation of 
tat organization. On August 2, 1948, the 
‘sociation was incorporated under the 
avs of the State of New York pursuant 
04 vote of a conference of the member 


atic ies of ASA favoring immediate State 


eorporation with the understanding 
“at efforts looking to federal incorpora- 
40. would be continued. A bill for such 


‘y“otporation was introduced in both the 


Senate and House of Representatives of 


the last Congress but died with the 
adjournment of that Congress. A number 
of modifications in that bill have been 
proposed by ASA and are being studied 
by your Board of Directors. It has been 
agreed that before any further bill for 
incorporation is introduced in Congress, 
draft copies will be distributed to the 
member bodies of ASA. 

In the report a year ago the Board 
mentioned that amendments to the By- 
laws of ASA were under consideration 
that would permit correlating committees 
of the Association to serve as sponsors 
for standardization projects. These pro- 
posed amendments have since been 
adopted. 

The Conference of Staff Executives of 
Member Bodies of ASA, of which the 
Executive Secretary was chairman at the 
time, held a meeting in October, 1948, in 
conjunction with the annual meeting of 
ASA, devoted to the subject ‘Practical 
Answers to a Practical Question—What 
Good Are Standards?” An account of the 
meeting and abstracts of the addresses 
appear in the March, 1949, issue of the 
ASTM BuLtetin. At this meeting the 
name of the Conference was changed to 
Conference of Executives of Organization 
Members, American Standards Associa- 
tion, Inc., and the Executive Secretary 
retired as chairman, continuing on the 
Executive Committee of CEOM. 

J. R. Townsend was reappointed as one 
of the Society’s representatives on the 
ASA Standards Council for a term of 
three years beginning January 1, 1949, 
the other representative being F. M. 
Farmer. J. H. Foote and the Technical 
Secretary were retained as alternates 
on the Council for the current year. Mr. 
Townsend was also reappointed as So- 
ciety representative on the Mechanical 
Standards Committee, and A. G. Ash- 
croft reappointed on the Advisory Com- 
mittee on Ultimate Consumer Goods, 


each for a term of two years. 
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International Activities: for the Society are being carried on | 
Committee D-2 on Petroleum Produc: 
and Lubricants. 

As noted a year ago, the Society pa 
ticipated in the International Conferen: 
on Soils held in Holland last June, bein; 
officially represented by Professors E.| 
Kilcawley and F. J. Converse. These rep § 
resentatives submitted a formal repor 
to the Board and a more technical repo 
to Committee D-18 on Soils for En 
neering Purposes. The Society has sut 
scribed to a set of the Proceedings , 
the Conference for its library. 


The principal contacts of the Society 
with international activities have been 
in connection with various standardiza- 
tion projects being undertaken in the 

International Organization for Stand- 
ardization (ISO). Brief reference to the 
status of a number of these projects is 
contained in the report of the Adminis- 
trative Committee on Standards (Ap- 
pendix II) to which reference should be 
made. The Society continues to maintain 
a continuous contact with a number of 
the standardizing bodies of other coun- 


tries through exchange of standards for . 
review and comment, exchange of pub- Respectfully submitted on behalf ¢ 


lications, and in other ways. the Board of Directors, 

An important project with the British RICHARD L. TEmMPLy, 
Institute of Petroleum has been under Presiden 
development for a year or more, namely, C. L. WARWICK, 
publication of a joint ASTM-IP Manual Executive Secretary 
of Oil Measurement Tables. Negotiations June, 1949. 
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APPENDIX I 


REPORT OF THE AUDITORS FOR THE FISCAL YEAR JANUARY 1 TO 
DECEMBER 31, 1948 


Philadelphia, January 5, 1949 


Mr. C. L. Warwick, Executive Secretary 
{MERICAN SOCIETY FOR TESTING MATERIALS 


Pennsylvania 


We have examined the books and accounts of the American Society for Testing Materials for 
ie year ended December 31, 1948. We did not make a detailed audit of all transactions, but made 
ists to the extent we considered appropriate in determining the accuracy of the records. Accounts 
yceivable were not verified by correspondence with debtors. The investments owned by the Soci- 
ty were examined by us; all income from investments for the period under review was properly 
for. 

Wehave prepared and submit herewith balance sheet as of December 31, 1948, statement of cash 
receipts and disbursements for the year ended that date, and other supporting schedules, all of which 
ue in agreement with the records of the Society. 

In our opinion, these statements, with notes thereto, present fairly the financial position of the 
ciety at December 31, 1948 and the results of its operations for the year ended that date. 


Respectfully submitted, 
_Joun Hems & Co. 
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Annual Report or Boarp or Directors (APPENDIX I) 
i BALANCE SHEET AS OF DECEMBER 31, 1948 
(Including acacia and Designated Funds) 
G 


Current: Cash $94 1.65. 


Less Check No. 535 as of December 16, 1948 
(estimated cost of 1948 Proceedings and 1948 
Supplements to 1946 Book of Standards) 


$50 691.65 
Investments (Market Value $174 431.60)—Cost 191 497.99 
Accounts Receivable 29 748.11 


$288 937.75 
Furniture and Fixtures (depreciated book value) 


Total Assets General Funds 
Building Fund: 


Investments (Market Value $8 539. 84)—Cost 
Land (Cost) 
Building and construction costs $154 518.12 
Less Reserve for depreciation 8 700.00 145 818.12 


Total Assets Building Fund 
Other Special and Designated Funds: 


Cash: A.S.T.M. Research Fund 5 477.54 
Dudley Medal and Marburg Lecture Fund 1 505.70 
Richard L. Templin Award Fund 60.46 
Sam Tour Award Fund 37.50 
Committee Funds 22 989.60 30 066.80 


Investments: 
A.S.T.M. Research Fund (Market Value 
$39 459.90) Cost 
Dudley Medal and Marburg Lecture Fund (Market 
Value $4 052.50) Cost 6 625.00 
Richard L. Templin Award Fund (Market Value 
$1 004.68) Cost 1 000.00 
Sam Tour Award Fund (Market Value $1 467.00) 
1 500.00 
Funds (Market Value $9 145.62) 
9000.00 63 648.48 
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General Funds: 


Current: Accounts Payable: 
Committee C-1 $ 149.31 
7 628.47 


Total Current Liabilities—General Funds 7777.78 
Life Membership Fund : 


Publication Fund 

Book of Standards Reserve 

Executive Retirement Reserve 
Retirement Fund Reserve 

Reserve for Depreciation of Investments 


298421.42 
Building Fund: 
Contributions 


Accumulated Income and Profit on Investments 
Note Payable to A.S.T.M. General Funds 


Total Building Fund 
Other Special and Designated Funds: 
AS.T.M. Research Fund: 


45 608.10 chow: 
5 392.92 51 001.02 


Income 


Dudley Medal and Marburg Lecture Fund: 
Principal 


6 625.00 
Income 


1501.70 8 128.70 


Richard L. Templin Award Fund: 
Principal 


1 000.00 
Income 


60.46 1060.46 
Sam Tour Award Fund: 
Principal 
Income 


1 537.50 


Committee Funds, Unexpended Balances 31 989.60 


Total Special and Designated Funds $93 715.28 q 


Total Liabilities and Funds $584 943.65 


CoMPARISON OF GENERAL FUNDS FOR FIscAL YEARS 1944-1948, INCLUSIVE. 


Assets | Liabilities 
At Close of 
Fiscal Year | 


| | Furniture | accounts | Reserve for; Miscel- 


ments Receivable om 


Book o' laneous Surplus 
| Fixtures | Payable P 


Standards Funds 
$42 637.45 | $114 237.61 $11986.97 | $6780.66 | $9009.15 | -98 | $37913.05 | $111 606.51 
46058.60 | 153718.05| 15033.90 6 641.57 § 432.16 


35 982.49 165 037.47 
5 100.03 160 383.60, 26 150.27 14 964.50 7 270.11 ° 40 117.54 144 210.75 
3 930.42 163 690.12, 37 218.85 | 16405.39 | 7755.95 36 070.74 157 418.09 
50691.65 | 191 497.99) 46 748.11 | 17 261.45 | 7777.78 ° 31 260.92 227 160.50 
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RECEIPTS AND DISBURSEMENTS 
« 


a For THE Periop JANUARY 1, 1948 To DecemBeER 31, 1948 
Cash balance, January 1, 1948 $3 930,42 


RECEIPTS 


Operating Receipts (Budgeted) : 
Dues and Entrance Fees: a 


Current Dues $189 704. 49 
Past Dues 

Advance Dues 

Income, Life Membership Fund 

Entrance Fees 


Total Dues 


Sales of Publications: 


Book of Standards (Members, addl. poe. 
1946 Book of Standards. . ag 
1947 Supplements to Book of Standards. 
Methods of Chemical Analysis of Metals 
Compilations of Standards. . . 

Separate Standards 

Selected Standards for Students 

Proceedings 

Spring Meeting Papers 

Bulletin Subscriptions (non-members) 

Special and Miscellaneous Publications 


Total Sales of Publications $269 951.60 


Miscellaneous: 


Advertising—Bulletin 

Advertising—Index 
Registration and Other Fees—Meetings 
Committee A-1 for Technical Assistant 

ASTM-DCC Reference Fuel Account 

Miscellaneous 


Total Miscellaneous Items $50 711.26 


Total Operating Receipts (budgeted) $520 554.62 


-Nonoperating Receipts (Not Budgeted) : 
Investments Matured or Sold 
Excess Remittances 
Committee C-1 for Technical Assistant 
Executive Retirement Reserve 
Joint AIME-ASTM Publication Fund 
Institute of Petroleum Publications 
Joint Comm. on X-ray Diffraction 
covering period 1946-47-48 


Total Nonoperating Receipts 
Total Receipts $559 450.55 
Total Receipts for 1948 and Cash Balance January 1, 1948 $563 380.9 
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DISBURSEMENTS 
erating Disbursements (Budgeted) : 
Publications: 

Year Book 

1946 Book of Standards 

1947 Supplement to Book of Standards 

1948 Supplement to Book of Standards 

Compilation of Standards 

Separate Standards 

Selected Standards for Students 

Chemical Analysis of Metals 

Proceedings 

Preprints 

Spring Meeting Papers 

A.S.T.M. Bulletin 

Circulars to Members 

Index to Standards 

Special and Miscellaneous Publications 

$176 879.90 | 
154 274.73 

General Office Expenses 40 910.44 1 
Expenses—Technical Committees 11 351.47 
Expenses—Meetings 10 237.12 
Exhibit, Annual Meeting 5 301.61 
American Standards Association 1 000.00 } 
Traveling Expenses, Administrative and Special Committees 5 612.84 
Headquarters Occupancy Expenses (includes $5500 depreciation on 

building, elevator, and air conditioning installation) 17 266.73 
Furniture and Fixtures 3 321.98 
Dues, Contributions, Miscellaneous 1 020.75 
Employees Retirement Fund 11 250.68 


Total Operating Disbursement (Budgeted)............. peutivds $439 427.25 


Nonoperating Disbursements (Not Budgeted): — 


Refund of Excess Remittances 
Accrued Interest 


Expenses Jt. Comm. X-ray Diffraction 
Joint Comm. X-ray Diffraction 

Institute of Petroleum Publications 

Loan to Building Fund 

Loan to Advisory Committee on Corrosion 
Miscellaneous 


Total Nonoperating Disbursements $73 262.07 
Total Disbursements $512 689.32 © 


Cash Balance, December 31, 1948 $50 691.65 


* These accounts include $43,750.00 representing a check drawn against cost of the 1948 Proceedings and 1948 Supple- 
meat to 1946 Book of Standards, but not actually paid on December 31, 1948. 
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AS.T.M. BUILDING FUND 
DETAILS OF BUILDING FuND CasH RECEIPTS AND DISBURSEMENTS FOR THE PERIOD 


January 1, 1948 ro DecemBeER 31, 1948 


Receipts 
Income from Investments: 
Interest on U. S. Treasury Bonds 24s 1967-72... 369.23 
Proceeds from sale of $6 500 U. S. Treasury Bonds 24s 1967-72........... 6 512.19 
From General Funds for Depreciation on Building, Elevator, and Air Con- Pro} 
Interest on Loan from General Funds. 100.00 
- Reduction of Mortgage—3 quarterly payments of $187.50 each............ 562.50 
Payment of balance of Mortgage due 21 437.50 


2 ash Balance, December 31, 1948. . $578.22 
= - = R 
Pro} 
{| = 
a = 


REPoRT OF AUDITORS 65 


AS.T.M. BUILDING FUND 
DetTaILs OF ASSETS AND LIABILITIES OF BurLpING Funp As oF DECEMBER 31, 1948 


Cash Balance, January, 1948 $578.22 fe 


Investments: 
$8 500. U. S. Treasury Bonds 23s 1967-72 at $101.16 
(Market Value $8 539.84) —Cost 8 632.83 


Property, 1916-18 Race Street, Philadelphia, Pa.: 
Purchase Price 
Commission to Agent 
Settlement fees, net 


Allocated to: 


$26 503.35 


Construction Costs: 
Architect’s fee 
Rent paid to facilitate possession 
Zoning fees and permits 
General Contractor 
Air Conditioning 
Elevator 
Air Conditioning Unit 
Exhaust system for basement 
Real Estate Agent’s Fee 
Soundproofing 
Miscellaneous 


129 167.69 


Less, Proceeds from sales and salvage of , 
equipment and rentals 1152.92 128 014.77 


$154 518.12 
Reserve for Depreciation (provided from General Funds) 8 700.00 145 818.12 175 818.12 


Total Assets $185 029.17 © 


Contributions 


Income on Investments: 
Interest on U. S. Treasury 24s 1967-72 $1 745.78 
Less Interest on Loan from General Funds. . $200.00 = 
Less Loss on Sale of Securities 89.41 289.41 1 456.37 


Profit on Sale of $10 000. U. S. Treasury Bonds 165.68 
Note Payable to A.S.T.M. General Funds 17 000.00 $185 029.17. 


Asset 
197.10 - 
Q 
$56 503.35 ray - | 
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| 
\ 
fig 
Liabilities and Funds arent 
od 


66 ANNUAL Report oF Board or (APPENDIX I) 


In addition to the General Funds of the Society the Treasurer had on hand the following funds 
of December 31, 1948: 


A.S.T.M. ResearcH Funp 
: Uninvested 
7 Total Invested 


Cash 
Principal Account: 
Balance, January 1, 1948 $43 335.23 $43 251.36 $83.87 
Receipts: 
Sale of Securities —5 400.75 +5 400.75 
om Sale of Securities. 2272.87 +2 272.87 
Disbursements: 
Purchase of Securities +5 400.00 —5 400.0 


Income Account: 


Balance, January 1, 1948 
Receipts: 
Interest and Dividends on Investments......................... 1 581.87 


Disbursements: 
Welding Research Council 


Balance, December 31, 1948 $5 392.92 


DupLEY MEDAL AND MARBURG LECTURE FUND oe 
Balance, January 1, 1948 


Principal—Investments (at cost) $6 625.00 
Income—Cash 1 493.70 $8 118.70 


Interest on Investments 


Honorarium 
Dudley Medals -00 
Electro and Lecture Certificate ‘ 322.0 


$8 126.70 
Accounted for as follows: 


Principal—Investments (at cost) 5.00 , 
Income—Cash in bank : $8 126.70 


Ricuarp L. TEMPLIN AWARD FuND 
Balance, January 1, 1948 
Principal—Investments (at cost) 
Income—Cash $1 051.96 
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Contribution from General 30.00 55.00 $1 106.% 
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Disbursements 
Templin Award.... 


Cost of Certificate Plate 


iccounted for as follows: 
Principal—Investments (at cost) 
Income—Cash in bank 


Balance, January 1, 1948 


Interest on Investment............ $1 537.50 


\4 


Accounted for as follows: 
Principal—Investments (at cost) 
Income—Cash in bank 


ommittee B-3 on Corrosion of Non-Ferrous Metals and Alloys 

ommittee B-6 on Die-Cast Metals and Alloys 

ommittee B-8 on Electrodeposited Metallic Coatings 

ommittee C-1 on Cement 

ommittee C-1 Cement Reference Laboratory 

ommittee C-9 Sanford E. Thompson Medal Fund 

ommittee C-9 on Concrete and Concrete Aggregates 

ommittee C-15 on Manufactured Masonry Units 

ommittee D-1 on Paint, Varnish, Lacquer and Related Products 
ommittee D-2 on Petroleum Products and Lubricants 

ommittee D-2 D.C.C. Reference Fuel Account 

ommittee D-4 on Road and Paving Materials 

ommittee D-5 on Coal and Coke 

ommittee D-9 on Electrical Insulating Materials 

ommittee D-12 on Soaps and Other Detergents 

ommittee D-13 on Textile Materials... 
ommittee D-13 on Research-Textiles Finishes 

ommittee D-15 on Engine Antifreezes 

mmittee E-3 on Chemical Analysis of Metals 

Lommittee E-9 on Fatigue 

AS.A. Sectional Committee on Specifications for Cast Iron Pipe and 
Special Castings 

Detroit District Council 

Philadelphia District Council 

ittsburgh District Council 

Vestern New York-Ontario District Council 

Advisory Committee on Corrosion 

\dministrative Committee on Ultimate Consumer Goods............... 
Joint Committee on X-ray Diffraction 


Total Committee Funds $31 989.60 
as follows: 
ash 0 d 22 989.60 
ments 000:00 $31 989.60 | 


| 
25.00 
— 46.50 
3} 
Sam Tour Awarp Funp 
Receipt » ¥ 
Disbursements 
| 
ComMITTEE Funps 
ittee A-5 on Corrosion of I 1 Steel 1127.05 | 4 
2 435.94 
2 565.92 
11.25 | 
780.73 
465.04 
946.14 
153.32 
383.56 
176.36 AT 
436.37. 
228.67. 
569.71 
36.95 ay 
480.99 14 
178.57 
645.61 
31.00 
144.39 
197.56 
541.04 
373.51 
55.50 
383.14 | 
911.56 
201.55 
| | 
| 


As oF DECEMBER 31, 1948 


GENERAL Funps 

Marke 

Value 
$2 000 Associated Electric Co. 44, 1953 ‘ $1 930.0 
4 000 Erie R. R. Co. Gen. Mtg. Income 44s, 2015 : 2 740.00 
00 Hudson Coal Co. S. F. 5s Series A, 1962 : 1 872.50 
000 Southern Pacific Deb. 44s, 1969 . 2 760.00 
U. S. Savings Bonds, Series G 24s* s 12 424.00 
U. S. Treasury Bonds, 24s, 1967-72 k 4 826.82 
U. S. Treasury Bonds, 24s, 1964-69 ‘ 2 001.25 
U. S. Treasury Bonds, 2s, 1952-54 , 2 026.25 
U.S. Treasury Bonds, 2s, 1952-54 . 50 656.25 
U. S. Treasury Bonds, 2s—1949-51 ‘ 20 137.50 
Walworth Co. 34s convertible debentures, 1976... : 4 537.50 
Federal Intermediate Credit Bank Deb., due 6.1.49 : 24 600.00 


$130 512.07 


Shares Preferred Stocks 


22 American Airlines Inc., 34 cumulative convertible 
10 American Cyanamid Co., 34 per cent Series A 
convertible 
25 Colgate-Palmolive-Peet Co., $3.50 
100 Murray Corp. of America, cumulative 4 per cent , 
20 Philco Corp., 3} Series A 2 030.00 


$12 891.59 
Common Stocks 


75 Allis-Chalmers Mfg. Co., no par value 
25 American Can Co 

50 American Cyanamid Co., Class B............... 
100 American Rad. & Std. Sanitary Corp 
25 American Tobacco Co 

30 American Viscose Corp 
100 Baldwin Locomotive Works 
100 Carpenter Steel Co 

10 Delaware Power and Light Co 

75 General Telephone Corp 
300 International Harvester 

60 Lone Star Cement, no par value 

30 Montgomery Ward Co 


67 Philadelphia Electric Co 
116 Public Service Elec. & Gas Co., avg 
20 United Gas Improvement Co. ................. 


n> 


Unb 


8 


wun 


w 


Ww 
oo 


Totat Common Stocks $34 529.53 


Totat Common and Preferred Stocks $59 793.33 $43 919.53 
Tora. Stocks and Bonds $191 497.99 $174 431.0 


Marked 


Cost or 
Par Value Bonds Book Value Value’ 


$8 500 U. S. Treasury, 24s, 1967-72 $ 8 632.83 $ 8 539.4 
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Bonds 


2 000 Associated Electric Co. 44s, 1953.............. 1 693.50 1 930.00 
1 500 Balto. & Ohio R. R. Gen. & Ref. 5s Series M. 1996 1511.25 915.00 
2000 Hudson Coal Co. S.F. 5s Series A, 1962........ 1 697.25 1 872.50 
4 500 U. S. Defense Savings Bonds, Series G. 24s*.... 4 500.00 — 4 311.00 
2000 U. S. Treasury Bonds 1965-70, 24s............ i 2000.00 | 2 019.38 
5 400 Federal Intermediate Credit Bank Deb., due 6.1.49 5 400.00 5 400.00 
_ $16 802.00 $16 447.88 
30 Allis-Chalmers Mfg. Co. 33 cumulative conver- 
33 American Airlines Inc. 34 cumulative conver- 
12 Consolidated Edison Co. of N. Y. $5........... 7 1 234.39 1 299.00 
29 Consumers Power Co., $4.50 no par value.... 2914.50 3 063.13 
20 Philco Corp., 32 Series 2 030.00 1 680.00 
$15 642.11 $12 413.38 
Common Stocks 
100 Allis-Chalmers Mfg. Co., no par value......... Z 4 421.59 2 650.00 
5 Delaware Power & Light Co.................. tS 67.50 88.13 
98 General Motors Corp. par $10—gift®........... : 6 504.75 5 757.50 
20 Montgomery Ward 1 209.33 1 050.00 
33 Philadelphia Electric 583.70 680.63 
: 9 Public Service Elec. & Gas Co................ ; 135.00 181.13 
10 United Gas Improvement Co................. 157.50 191.25 
Common Stocks................ $13 079.37 $10 598.64 
TotaL Common and Preferred Stocks......... Pekgitencasnataty $28 721.48 $23 012.02 
} Torat, Stocks and Bonds. $45 523.48 $39 459.90 
; _ DupLEY MEDAL AND MARBURG LECTURE FUND 
Cost or Market* 
9% Par Value Bonds Book Value Value 
r $500.00 Balto. & Ohio R. R. Ref. & Gen. Mtg. 6s, 
00 6000.00 Balto. & Ohio R. R. Ref. & Gen. Mtg. 5s, 
0 6 075.00 3 697.50 


$6 625.06 $4 052.50 


RicHARD L. TEMPLIN AWARD FuND 
$1000.00 U. S. Treasury Bonds 24s, 1967-72.......... $1 000.00 $1 004.68 


Sam Tour Awarp Funp 
$1 500.00 U. S. Defense Savings Bonds, Series G, 24°... $1 500.00 $1 467.00 


* Market values were taken from current financial publications as of close of market December 31, 1948, except U.S. 
Sayings Bonds Series G, which are stated at redemption value as of December 31, 1948. 
¢ income from these shares is, by agreement, paid to an annuitant. 
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COMMITTEE FUNDS 


. S. Treasury Bonds, 1955-60 $1 082.50 
. S. Treasury Bonds, 24s, 1964-69 2 020.00 
.S. 
5. 


Treasury Bonds, 24s, 1965-70 P 3 029.06 
Treasury Bonds, 24s, 1967-72 ; 3 014.06 


145.62 


Ssss 


$385 


Granp Totats, Common stocks $45 128.17 
Granp TOTALS, Preferred stocks . 21 803.38 
Granp Torats, Bonds 171 169.59 


$263 779.30 $238 101.14 


= © 


$9 000.00 
= Ca 
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REPORT OF ADMINISTRATIVE COMMITTEE ON STANDARDS 


When the Administrative Committee 
on Standards was set up with the es- 
tablishment of the Society’s procedure 
for the approval of tentatives and revi- 
sions in the interval between annual 
meetings, it was rather expected that 
the use of this procedure would be the 
exception and that the bulk of recom- 
mendations would follow the usual an- 
nual meeting procedure. Over the years, 
however, the procedure involving the 
Administrative Committee action has 
been followed to an ever increasing extent 
so that in recent years the number of 
recommendations submitted to the Ad- 
ministrative Committee on Standards 
with respect to tentatives and revisions 
are almost as large as those submitted 
at the annual meeting. As a result of 
actions taken, 25 new tentatives were 
accepted during the year as well as 
‘revisions of 35 tentatives, 14 tentative 
revisions of standards, 10 standards re- 
verted to tentative, and 1 standard with- 
drawn. A number of these were acted 
upon at a meeting of the committee 
held on September 29, 1948, whereas the 
remainder were handled by letter. 

As a matter of record a list of the 
recommendations approved appears as 
an appendix to this report.' 

A desire for prompt acceptance of 
technical committee actions has some- 
times led to submittal to the Adminis- 
trative Committee of proposals on which 
insufficient consideration has been given 


' This list is not reproduced here, since the recommen- 


dations have all been announced currently throughout the 
Year in the ASTM 


to negative viewpoints as brought out 
in the technical committee ballots. In 
order that Society tentatives may have 
the full benefit of proper consideration 
of such negative viewpoints in the tech- 
nical committees, the Administrative 
Committee requires an analysis of the 
committee vote and verbatim quotations 
of comments of negative voters in con- 
nection with recommendations from 
technical committees. Full compliance 
with the Administrative Committee’s 
requirements in this respect expedites 
action on recommendations. 

Also to an increasing extent, the Ad- 
ministrative Committee is looked to in 
connection with the other of its func- 
tions. It has, for example, given con- 
siderable attention to the character 
and quality of the Society’s standards 
in general. There has also been quite a 
number of proposals for the extension 
of the Society’s standardization activi- 
ties. 


EXPANSION OF STANDARDIZATION 
ACTIVITIES 


Of the projects referred to in the re- 
port presented a year ago, organization 
has now been effected of the following 
committees: 

E-12 on Appearance 
C-21 on Ceramic Whitewares 

The organization meeting of Commit- 
tee C-20 on Acoustical Materials will 
be held on May 3, 1949. 

The subject of printing inks, referred 
to in an earlier report, is now being taken 
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up in a new subcommittee organized 
under Committee D-1 on Paint, Var- 
nish, Lacquer, and Related Products. 

Porcelain Enomel.—A canvass referred 
to in the report a year ago resulted in 
the holding of a conference to consider 
the desirability of organizing an A.S.T.M. 
committee in the field of porcelain 
orceramicenamel. On the recommenda- 
tion of this conference, a committee 
on the subject has since been author- 
ized by the Board of Directors and 
invitations are now being extended 
for membership on this new committee, 
looking toward the organization of the 
committee in the near future. 

Other Pending Proposals.—Also pro- 
posed as subjects for Society work 
through the organization of new com- 
mittees or reference to existing com- 
tees are asphalt floor tile, other hard- 
surfaced floor coverings, wall tile, floor 
waxes, and graphite (especially as a 
lubricant). ‘The Administrative Com- 
mittee is exploring these proposals, prior 
to making recommendations. 


QUALITY AND ForRM OF STANDARDS 


Reference was made in the past two 
reports to the efforts being made by the 
Administrative Committee to have the 
technical committees give greater at- 
tention to the quality of A.S.T.M. 
standards from both the editorial and 
technical points of view. It suggested 
that the subject was of sufficient im- 
portance to justify the establishment of 
editorial subcommittees in the individual 
technical committees, and this plan is 
being followed by a number of commit- 
tees. 

As a further aid to technical commit- 
tees, the Technical Secretary has fur- 
nished their chairmen with copies of 
several helpful publications including 
the “Symposium on Usefulness and 
Limitations of Samples” presented at the 
last Annual Meeting, under the sponsor- 


ship of Committee E-11 on Quality 
Control, “Tentative Recommended 
Practice for Planning Interlaboratory 
Testing of Textile Materials (A.S.T.M. 
Designation: D 990-48 T)” prepared by 
Committee D-13 on Textile Materials, 
and a revision of the “Tentative Recom- 
mended Practices for Designating Sig- 
nificant Places in Specified Limiting 
Values (A.S.T.M. Designation: E 29- 
48 T)” appearing in the 1948 Annual 
Report of Committee E-11. 

The Standards Committee will con- 
tinue to follow the matter further with 
the aim of effecting still further improve- 
ment. 


RELATIONS WITH AMERICAN STANDARDS 
ASSOCIATION 


Two methods under the procedure of 
the American Standards Association are 
used by A.S.T.M. in submitting recom- 
mendations to the ASA. One is a 
combination of the so-called existing 
standards procedure and the proprietary 
sponsorship procedure. On the initial 
reference of an existing A.S.T.M. stand- 
ard to the ASA, it is submitted under 
the existing standards procedure with a 
supporting statement giving a history of 
the development of the standard and 
indicating the degree of its acceptance. 
If the standard is approved as American 
Standard, the A.S.T.M. is granted 
proprietary sponsorship so far as any 
future revisions are concerned, and such 
revisions are currently brought to the 
attention of the ASA for approval under 
this proprietary sponsorship procedure. 

The second method consists of having 
standards reviewed in a sectional com- 
mittee made up of representatives of 
number of interested organizations, but 
with A.S.T.M. as sponsor or co-sponsor 
for the sectional committee. 

Standards Submitted Under the Exist 
ing Standards Procedure.—Several ne¥ 
standards were submitted during tbe 
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past year under the existing standards 
procedure. ‘These consist of a group of 
§ specifications under the jurisdiction of 

‘ommittee B-5 on Copper and Copper 
Alloys. 

Revised Standards Submitted Under 
Proprietary Procedure.—In view of the 
Society having been designated as pro- 
prietary sponsor for the revisions of 
AS.T.M. standards that had been ap- 
proved as American Standard under the 
existing standards procedure, it has 
submitted to the American Standards 
\ssociation during the year revisions of 
) specifications relating to steel, 1 relat- 
ng to cast iron, 3 relating to galvanized 
steel fencing and wire, 1 relating to 
galvanized steel sheets, 1 relating to slab 
inc, 1 relating to copper water tube, and 
| to copper-base forging alloys, 2 
methods relating to coal and coke, 2 
relating to rubber, and 3 relating to 
soaps. 

Standards Submitted Under Sectional 
Committee Procedure.—During the year 
reports were received from three of the 
sectional committees for which the 
Society is sponsor or joint sponsor as 
follows: 

Sectional Committee C59 on Elec- 
trical Insulating Materials.—This com- 
mittee has recommended the approval 
of 2 revised American Standards. 

Sectional Committee L14 on Textile 
Test Methods—This committee has 
recommended the approval as Amer- 
ican Standard of 3 methods and the 
approval of 1 revised American Stand- 
ard. 

Sectional Committee Z11 on Petro- 
leum Products and Lubricants.—This 
committee has recommended for ap- 
proval as American Standard 4 
methods, approval of 2 revised Amer- 
ican Standards, and the withdrawal of 
1 American Standard. 

All of these reports have been referred 
'o the American Standards Association. 


Action is still pending so far as the rec- 
ommendations of Sectional Committee 
Z11 are concerned; the others have been 
approved. 


INTERNATIONAL RELATIONS 


The Society continues to receive from 
other countries standards with the re- 
quest for comment. A.S.T.M. commit: 
tees review these standards and fre- ; 
quently suggestions result. Apart from | aa 
such informal cooperation, however, 
quite a number of proposals have been 
received through the American Stand- | 
ards Association concerning projects — 
that have been proposed under the In- 
ternational Organization for Standardi- 
zation (ISO). 

Textiles—The general secretariat for 
ISO Committee 38 has been assigned to 
the British, but the United States will 
probably serve as the secretariat for two 
subcommittees. A general conference 
of the United States textile industry was 
held on September 24, 1948, at which 
the American delegates to the London 
meeting of the ISO committee (June 
7-12, 1948) presented a report. The 
Society was represented at this meeting 
by A. G. Scroggie and H. J. Ball. 

Petroleum Products—The Executive 
Committee of Sectional Committee Z11 
on Petroleum Products and Lubricants 
is communicating with the member 
bodies of that sectional committee to 
learn their views with respect to Sec- 
tional Committee Z11 acting as American 
Secretariat for this ISO committee (No. 
28), including an expression of willing- 
ness or otherwise of the member bodies 
to support such a secretariat financially. ' 

Rubber.—A meeting of this ISO com- 
mittee (No. 45) was held in London in 
June, 1948, at which America was repre- 
sented by Mr. H. G. Bimmerman, mem- 
ber of A.S.T.M. Committee D-11 on 


Rubber and Rubber-Like Materials. A 
further meeting of ISO Committee 45 


> 
+ 


af 


.. 


au 
7 
| 
| 
| 
ih 

‘ ‘| 

t 

é 
Fs 
* 


74 ANNUAL REPORT OF BoaRD OF Directors (APPENDIX IT) 


is being held in September of this year, 
and it is understood that an invitation 
from the United States for the 1950 meet- 
ing of the ISO committee to be held here 
would be favorably received. 

Viscosity.—The matter of the desira- 
bility of the United States participating 
in this international project was referred 
to Committee E-1 on Methods of Test- 
ing, which committee felt that inter- 
national discussion on the subject would 
be desirable, provided it dealt with ab- 
solute viscosity. 

Plastics.—Committee D-20 on Plastics 
felt that there may be some advantages 
resulting from an international commit- 
tee on plastics in that it would provide 
closer liaison between the groups in this 
country and those in other countries. 

Shellac.—Subcommittee XIII on Shel- 
lac of A.S.T.M. Committee D-1 is being 
set up as the American committee in 
charge of the contacts with the ISO 
Committee on Shellac (No. 50) for which 
India holds the secretariat. 

Solid Mineral Fuels —Committee D-5 
on Coal and Coke has indicated that it 
favors American participation in the 
work of this ISO Committee No. 27. 

Iron and Steel—Committee A-1 on 
Steel has indicated that it favors Amer- 
ican participation in the work of this 
ISO Committee No. 17. 

Chemistry.—The following A.S.T.M. 
committees have indicated an interest 
in participating in the ISO Project on 
Chemistry: 

D-1 on Paint, Varnish, Lacquer, and 


Related Products, 


D-3 on Gaseous Fuels, and 


D-12 on Soaps and Other Deter. 
gents. 

Laboratory Glassware.—An ISO Proj. 
ect on Laboratory Glassware has beep 
proposed with the British Standards In. 
stitution holding the secretariat. Tyo 
conferences of representatives of jn. 
dustry in this country have been held at 
which the Society was _ represented, 
These conferences have recommended 
that the scope of the international proj- 
ect be clarified and delimited before any 
further consideration is given to Amer- 
ican participation. 

Mica.—Committee D-9 on Electrical 
Insulating Materials has indicated that 
it favors American participation in the 
work of this ISO Committee No. 36. 

General Definitions Relating to Chem- 
ical and Physical Tests—The matter of 
American participation in the work of 
this ISO committee (No. 69) has been 
referred to Committee E-11 on Quality 
Control and Committee E-1 on Methods 
of Testing, but no recommendations 
have as yet been made. 

Insulating Oils.—Subcommittee IV on 
Insulating Oils of A.S.T.M. Committee 
D-9 is serving in an advisory capacity to 
the U. S. National Committee of the In- 
ternational Electrotechnical Commission 
which functions as the Electrical Divi- 
sion of the ISO. 


Respectfully submitted on behalf of 
the committee, 
R. D. BONNEY, 
Chairman. 
R. E. Hess, 
Secretary. 
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REPORT OF ADMINISTRATIVE COMMITTEE ON RESEARCH 


The number of technical committees : 
with actual machinery for processing _ 
research problems is large, although this 

is done by various methods. The Ad- 


The Administrative Committee on 
Research held one meeting during the 
year; at Society Headquarters on April 
13, 1949. 

Continuing the practice of meeting 
with representatives of technical com- ; 
mittees of the Society, a report by Com- has stimulated the technical committees — 5 
mittee D-7 on Wood was discussed with as well as provided information on many __ 
Col. L. G. Smith, who is chairman of a important activities. 


D-7 task group developing a research 
program for more economical procedures 
in testing wood poles and cross arms. 


. The Administrative Committee pro- 


poses to request each technical commit- 


tee to select one or more of the unsolved 


Committee B-8 on Electrodeposited 
Metallic Coatings requested a grant 
to be used in support of the research ac- 
tivities of the American Electroplaters 
Society. As Committee B-8 works 
closely with the electroplaters in the 
direction of this research work and 
utilizes the results in its work on speci- 
fications, the committee made a grant 
of $250 to be allocated to Committee 
B-8 to support this research activity. 


problems in its field, giving more com- 
plete information on the scope and 
specific unknown elements involved in 
each. With this information it may be 
possible for the Society to publish an 
initial listing of research projects for the 
use of schools, research foundations, and 
industry. Such information may also 
disclose a mutual interest in certain 
areas of fundamental research. A con- 
tinuation of this procedure will be of 


The committee discussed the problem 
of expanding the principal of the funds 
available to it and requested its members 
to continue to survey the possible sources 
for such support. 


Research Review: 


Under date of December 6, 1948, a 
circular letter was addressed to the chair- 
men of all technical committees request- 
ing them to inform the Administrative 
Committee of their methods for handling 
tesearch activities and to furnish a list 
of unsolved problems in the testing of 
materials in their field. The response 
to this request was extremely gratifying. 


inestimable and stimulating influence on 
the Society’s research activities. 


Relations with National Research Council: 


The Society is fortunate in having 
very close ties with the Division of En- 
gineering and Industrial Research and 
with the Highway Research Board and 
the Building Research Advisory Board 


of that division of the National Research 


Council. Among the objectives for the 
Division listed by the Special Commit- 
tee on Division Aims, the following are 
of immediate interest to our Society: 
“Coordinate the engineering and 
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research activities of the affiliated so- 
cieties in mutual fields of interest.” 
“Explore areas in which research 
is needed and elicit sponsorship from 
existing agencies.” 

These activities will be mutually bene- 
ficial to the American Society for Testing 
Materials and to the National Research 
Council. 


Recommendations: 


The committee feels that one of its 
most important duties is to stimulate 
research and to that end suggests that 
some person or group in each technical 
committee be assigned to keep the So- 
ciety informed of all new areas of research 
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and to point up unsolved problems of 
significance in our field of materials which 
will aid in making our coordinated re. 
search more effective. This will involve 
“cross-pollination” and joint meetings 
of two or more technical committees 
where problems of fundamental values 
are involved. Symposia of Research 
from time to time may become a regular 
part of the annual meeting. 


Respectfully submitted on behalf of 
the committee, 
WALTER C. Voss, 
Chairman. 
C. L. WARWICK, 
Secretary. 
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REPORT OF ADMINISTRATIVE COMMITTEE ON PAPERS AND | 
PUBLICATIONS 


Two meetings of the Administrative 1948 Supplements to Book of Standards: 
mmittee on Papers and Publications Part I-A, 273 pp, 8400 copies. 


ie er Part I-B, 304 pp, 7400 copies. 
re held during the year: November 1 Part IT, 300 pp, 7000 copies. 


d February 21. Part III-A 423 pp, 6750 copies. 
The activity of the committee has Part III-B 348 pp, 6500 copies. 
en largely one of reviewing material 1948 Index to A.S.T.M. Standards, 272 pp, 
t publication, and in planning for its 20,000 copies. 


jae ° , Year Book, 569 pp, 5800 copies. 
blication and in planning the tech- ASTM BULLETIN, six issues, total number of 


al program for the Annual Meeting. pages 664, average number of copies 10,000. 
his report is accordingly largely a record 

{the various regular and special publica- A statement of the volume of the 
ms that have been issued during the principal publications for the past four 
st year. years is given below: 


A special Study Committee has been 
tup to review standards for A.S.T.M. — 


pers. ‘This committee consists of G. Publications 
.Gohn, chairman, R. C. Adams, and - 

> 
KB. Woods. The committee has al- Book of 6604 | | 
; Supplements to Book of A.S.- 
ady established a more detailed check 1189 | .... | 2015 | 1648 
art for the use of reviewers of technical A-S.T.M. Methods of Chemi- 
pers. It is also planned to revise the Index to A.S.T.M. Standards.| 235 | 240 | 254 | (272 
ociety’s suggestions to authors looking Spring Meeting Symposiums. | 166] 119) 
amphlet form. This brochure will | | 4509 


‘obably also contain suggestions to 


ithors with respect to presentation of Syecial Compilations of Standards Pub- 
echnical papers. lished from April 15, 1948 to April 15, 
It will be recalled that last year it was 1949: 

cided to increase the number of issues 

ithe ASTM ButLtetin from six to eight AS.T.M. Specifications for Steel Piping Mate- 
sues a year. This policy is to be in- rials (A-1), 328 pp, 2400 copies. 

ttituted by publishing seven issues this A.S.T.M. Standards on Electrical-Heating and 


F Resistance Alloys (B-4), 180 pp, 900 copies. 
aytre 
the arr fe as a July A.S.T.M. Standards on Copper and Copper 
umber, looking toward having the full Alloys (B-5), 515 pp, 1200 copies. 
ight issues next year. A.S.T.M. Standards on Light Metals and Alloys 
. (B-7), 157 pp, 1000 copies. 
SECORD OF PUBLICATIONS IsSUED THIS A.S,T.M. Standards on Mineral Aggregates, 
YEAR Concrete, and Nonbituminous Highway Ma- ‘ 

oe terials (C-9, D-4), 209 pp, 2200 copies. —__ 
‘gular Publications: a A.S.T.M. Standards on Petroleum Products 
48 Proceedings, 1366 pp, 7000 copies. and Lubricants (D-2), 763 pp, 7600 copies. 
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A.S.T. on Bituminous Materials 
for Highway Construction, Waterproofing 
and Roofing (D-4, D-8), 318 pp, 1500 copies. 

A.S.T.M. Standards on Coal and Coke (D-5), 
164 pp, 1800 copies. 

A.S.T.M. Standards on Paper and Paper Prod- 

ucts (D-6), 285 pp, 1200 copies. 

A.S.T.M. Standards on Electrical Insulating 
Materials (D-9), 635 pp, 1500 copies. 
A.S.T.M. Standards on Rubber and Rubber- 
Like Materials (D-11), 577 pp, 2000 copies. 
_AS.T.M. Standards on Textile Materials 

(D-13), 559 pp, 2800 copies. 

A.S.T.M. Standards on Plastics (D-20), 607 pp, 

2500 copies. 


Special Publications also Issued: 


Symposium on Functional Tests for Ball- 
Bearing Greases, STP 84, 109 pp, 2500 copies. 

Symposium On Mineral Aggregates, STP 83, 239 

pp, 3500 copies. 

_ .Forum on Tractor Fuels, STP 82, 41 pp, 2000 

copies. 

Symposium on Spectroscopic Light Sources, 
STP 76, 81 pp, 2000 copies. 

1948 Edgar Marburg Lecture—Isotopes and 
Their Application in the Field of Industrial 
Materials, P. C. Aebersold, 32 pp, 2000 copies. 


In addition to the above, the Round Table 
Discussion on Ultrasonic Testing has been mim- 
eographed, 500 copies. 


1947 Supplement to the Bibliography and 
Abstracts on Electrical Contacts, 28 pp, 1200 
copies. 

1948 Appendix to A.S.T.M. Manual of Engine 
Test Methods for Rating Fuels, 20 pp, 3000 
copies. 

Charts from A.S.T.M. Manual of Engine Test 

Methods (in pads): 

Chart for Standard Thermal Plug Tempera- 
ture Line, A.S.T.M. Aviation Method 
D 614, 10,000 copies. 

Reference Fuel Framework for Supercharge 
Method (D 909), 10,000 copies printed 
July; 10,000 copies priited October. 

Data Sheet for Supercharge Method (D 909), 
10,000 copies printed July; 20,000 copies 
printed December. 

Tables from A.S.T.M. Manual of Engine Test 
Methods, 500 copies. 


Symposiums reprinted from 1948 Pro- 
ceedings: 


Symposium on Usefulness and Limitations of 
Samples, 40 pp, 2000 copies. 
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Panel Discussion on the Influence of Non-Fe, 
rous Metals and Their Compounds on ty 
Corrosion of Pressure Vessels, 48 pp, 2% 
copies. 

Symposium on Methods and Procedures Us: 
in Identifying Reactive Materials in Co 
crete, 79 pp, 2000 copies. 


Reprints of Publications: 


Report of the Joint Committee on Standar: 
Specifications for Concrete and Reinforce: 
Concrete (1940), STP 5A, 145 pp, 2% 
copies, Aug. 1948; 1200 with specifications, 

800 without specifications 
April, 1949. 

Symposium on New Methods for Particle Siz 
Determination in the Subsieve Range (1941 
STP 51, 117 pp, 750 copies. 

Symposium on Analytical Colorimetry an 
Photometry (1944), 70 pp, 500 copies. 

Symposium on Significance of Tests of Coa 
(1947), 126 pp, 500 copies. 

Bibliography and Abstracts on Electrical Con 
tacts (1944-1945), 48 pp, 250 copies. 

Procedures for Testing Soils (1944), 214 pp 
500 copies. 

A.S.T.M. Manual on Presentation of Dats 
(third printing 1940), 82 pp, 5000 copies. 

Impact Resistance and Tensile Properties o 
Metals at Subatmospheric ‘Temperature 
(1941), STP 47, 114 pp, 500 copies. 

Hardenability Chart, 20,000 copies. 

Viscosity Temperature Charts: 
Chart A, 17,000 copies 
Chart B, 43,400 copies 

Radiographic Standards for Steel Coating 
X-Ray Radiographic Standards—20 sets. 

Significance of Tests of Petroleum Products, § 

pp, 2500 copies. 

Textile Fibers—An Engineering Approach 1» 
Their Properties and Utilization by Haro! 
DeWitt Smith—1944 Marburg Lecture, 9 
pp, 2000 copies. 


Special Publications in Process: 


Symposium on Metallography in Color, STP & 
72 pp, 300C copies. 

Symposium on Magnetic Testing, STP 85, 2 
pp, 3000 copies. 

Symposium on Deformation of Metals as Re 
lated to Forming and Service, STP 87, 1 
pp, 2000 copies. 

Symposium on Industrial Gear Lubricants, ST! 
88, 32 pp, 2000 copies. 

Symposium on Effects of Low Temperature ‘ 
Materials, STP 78, 100 pp, 4000 copies. 

Symposium on Aging of Rubbers, STP 89, “ 


pp, 4000 copies. 
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REPORT ON PAPERS AND PUBLICATIONS 


48 Supplement to the Bibliography and 

\bstracts on Electrical Contacts, STP 56-E, 

14 pp, 1200 copies. 

mposium on Speed of Testing, 90 pp, 2000 
pies (reprinted from 1948 Proceedings) 

tal Cleaning Bibliographical Abstracts, STP 

7), 100 pp, 2000 copies. 

iuual on Fatigue Testing, STP 91, 100 pp, 
(00 copies. 

Ray Diffraction Data for Chemical Analysis, 
cond Supplement, STP 48-B 1500 cards, 2000 
ts. 
les of Data on Corrosion Resistance Steels 
\-10), 32 pp, 3200 copies. 


CURRENT ACTIVITIES 
gram for 1949 Annual Meeting: 


\ very full program is in prospect for 
the 1949 Annual Meeting with a number 
{symposiums and sessions scheduled as 

OWS: 


iposium on Accelerated Durability Testing 
f Bituminous Materials—under the joint 
uspices of Committees D-4 on Road and 
aving Materials and D-8 on Bituminous 
Waterproofing and Roofing Materials. 

aposium on Evaluation Tests for Stainless 
Steels—under the auspices of Committee A-10 
n Iron-Chromium, Iron-Chromium-Nickel 
and Related Alloys. 

nposium on Testing Cast Iron with SR-4 
lype of Gage—under the auspices of Com- 


nittee A-3 on Cast Iron. = 


— 


Symposium on Methods for the Rapid Identifi- 
cation of Metals—under the auspices of Com- 
mittee E-3 on Chemical Analysis of Metals. 

Round Table Discussion on Need for Standards 
for Examination of Water-Borne Industrial 
Wastes—under the auspices of Committee 
D-19 on Industrial Water. 

Session on Soils—under the auspices of Commit- 
tee D-18 on Soils for Engineering Purposes. 
Committee E-7 on Non-Destructive Testing is 
sponsoring two meetings at which papers on 
radiography and ultrasonic testing will be pre- 

sented. 

A discussion on Wood Pole Testing is being 
sponsored by Committee D-7 on Wood. 


In addition to the above, there are a 
number of other technical papers which 
will be presented at the Annual Meeting. 
A number of papers are being offered 
to the Society for publication but not 
presentation at a meeting. These for 
the most part are published currently 
in the ASTM BuLLeTIN although in some 
cases such papers are being preprinted 
separately and subsequently published 
in the Proceedings. 


Respectfully submitted on behalf of 
the committee, 


C. L. WarRwIck, 


Chairman. 
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One meeting of the Administrative 
Committee on Ultimate Consumer Goods 
was held during the year, on November 
30, 1948, at the headquarters of the 
National Federation of Textiles, New 
York City. 

The advisory group of social scientists 
referred to in the last report has been 
organized. It has been designated as 
the Advisory Group on Consumer Want 
Determination and its personnel, com- 
posed of two natural and two social 
scientists, is as follows: Dr. Paul S. 
Olmstead, Bell Telephone Laboratories, 
chairman; Dr. John E. Karlin, Bell 
Telephone Laboratories; Dr. E. Vernon 
Lewis, E. I. duPont Co.; and Prof. 
Frederick F. Stephan, Princeton Uni- 
versity. It has been agreed that the 
functions of the Advisory Group are to 
keep the Administrative Committee ad- 
vised of present thought and techniques 
associated with consumer want deter- 
mination, including research that is in 
progress or is planned; to make recom- 
mendations concerning likely directions 
for future research that will be of use 
to the Administrative Committee, in- 
cluding proposals as to what work should 
be done and where; and in respect to 
consumer problems in general to keep 
the Administrative Committee informed 
of relevant developments, and to act as 
consultants on specific problems. 

The Administrative Committee has 
under consideration a plan to hold a 
symposium on test methods for consumer 
goods at some spring or annual meeting 
of the Society whenever an appropriate 
program of topics and papers can be ar- 
ranged. It has been suggested to Com- 


mittee D-13 on Textiles that a prelimi- 
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nary program of an educational characte, 
on this same subject might be develope: 
for one of its meetings. 

Reference was made in the last anny, 
report of the Administrative Committe 
to a proposed revision of the Regulations 
Governing Technical Committees, whic 
had been recommended to the Board oj 
Directors, to provide a procedure to lk 
followed by technical committees ip 
developing standards for consumer 
goods. During the current year the 
original proposals were referred back t 
the Administrative Committee by t 
Board of Directors with the recon 
mendation that clarification of certai 
portions was desirable. The Adminis 
trative Committee accordingly made ap- 
propriate modifications in its proposil 
which were then approved by the Board 
of Directors and, in accordance with t 
established procedure, submitted to t 
chairmen of all technical committees fa 
advice and consultation. 

The final form of the amendment 
set forth in Report of the Board of | 
rectors under Administrative Matters 

The Board of Directors will annour 
when these changes become effecti 

The Administrative Committee 1 
ommends that R. D. Bonney and A. 
Brassell, whose terms of office on t 
committee expire in June, 1949, be re 
pointed to its membership. 


Respectfully submitted on behalf 
the committee, 
HERBERT J. BALL 
Chairm 
R. E. HEss, 
Secretary. 
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APPENDIX VI 


REPORT OF ADMINISTRATIVE COMMITTEE ON SIMULATED > 
SERVICE TESTING 


[he Administrative Committee on 


Simulated Service Testing held two 
meetings during the year which resulted 


the successful conclusion of several 
tivities and the inauguration of others. 
The Symposium on Deformation of 

Metals as Related to Forming and Serv- 
ice held in conjunction with the 1948 
Annual Meeting at Detroit was not only 
exceptionally well attended but gave 
ample evidence of its broad interest and 
pplication by the lively discussions 
hich took place. After considering 
the papers and discussions, the commit- 
tee recommended that the symposium 
e published by the Society as a separate 
iblication. The Symposium is issued 
s Special Technical Publication No. 87. 

As the result of group discussions with 
representatives of several A, B, and D 
group committees at the Detroit meet- 
g, the desirability and general pattern 
ithe proposed Symposium on Bearing 
letals and Their Lubricants were as- 
etained. A task group, under the 
tamanship of E. W. Upham, was 
‘signated to arrange for this symposium 
‘hich was originally planned for the 
‘49 Annual Meeting. However, due 
othe large amount of work needed for 
“u€ preparation of papers, and also the 
cent publication of the several year- 
id ASM symposium along somewhat 
‘milar lines, the committee has decided 
% plan this presentation for the 1950 
‘nnual Meeting. 

Recent advances in knowledge con- 
ming the behavior of metals at “low 
‘mperatures” have been considered by 
“€ committee, and it is the concensus 
“at the Society should be actively en- 
“ged in this"field. As the initial step 
“this direction, the committee has ap- 


— 


proached the Joint Committee on Effect 
of Temperature on the Properties of 
Metals in order to ascertain their intent 
in this direction. It is proposed that 
definite action should be taken in this 
field, either by the Joint Committee or 
by such other group which might be es- 
tablished for this purpose. 

While the committee has no specific 
recommendations to make at this time, 
at its early meetings it made a list of 
potential fields which it felt should be 
investigated as opportunity presented. 
The past work of the committee, and its 
current projects, are items taken from 
this list, which the committee keeps con- 
tinually before it. Humidity is one of 
the subjects to which some attention has 
been given and this, and others, will 
receive further consideration at its next 
meeting. 

Recent changes in membership ap- 
pointments to the committee have had 
Messrs. S. A. Gordon, Glenn L. Martin 
Co., and Walter Ramberg, National 
Bureau of Standards, replacing Messrs. 
J. H. Frankland and D. E. Parsons, re- 
spectively, the two latter having been 
obliged to resign after serving the com- 
mittee effectively since its organization. 

The committee announces the election 
of Messrs. L. L. Wyman, R. E. Peterson, 
and C. S. Cole as Chairman, Vice- 
Chairman and Secretary for the period 
ending in 1950. 


Respectfully submitted on behalf of 
the committee, 


Secretary. 


L. L. Wyman, 
Chairman. 
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One matter that has disturbed the 

Administrative Committee on District 

Activities has been the generally unsatis- 
factory nature of A.S.T.M. District 
Council Reports. Since the preparation 
_ of these reports is a burdensome task for 

- district officers, the Administrative Com- 
mittee developed a short questionnaire 
style report for use this year. It was 
felt that such a form would ease the re- 
porting task by suggesting the details 
‘in which the Board of Directors is in- 
terested. 

It is still too early to analyze the 1948 
reports and establish whether they are 
more complete than they have been in 
the past and whether the district officers 
found the new form helpful. However, 
the 1948 reports have thus far come in 
more promptly than in former years, and 
the information is available in more 
usable form. If the form accomplishes 
the intended objectives, the Administra- 

tive Committee will recommend adop- 
tion of a printed form to replace this 
year’s mimeographed temporary form. 

The Administrative Committee has 
no new projects under consideration 
and, therefore, the committee has given 
thought to the need for its continued 


existence. When the committee was 
organized in 1945, the activities of 
A.S.T.M. Districts were in need of 
unification. The committee first under- 


took to revise the Charter and District 
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Manual. These documents have been 
adopted and put into effect. Next, the 
committee studied district boundaries 
and recommended certain changes whic! 
have since been adopted. The need for 
certain new districts was recognized and 
these districts have been organized 
A.S.T.M. Districts are now functioning 
in all the principal large industrial areas 
where a sufficient membership concentra 
tion justifies district organizations. \ 
further district expansion is contem 
plated at this time. 

It has been the opinion of the Ad 
ministrative Committee that A.S.T.M 
Districts should operate autonomous) 
and should make most of the decision: 
involving their own activities. The 
districts are functioning in a general) 
satisfactory manner, although one or tw 
districts may be less active than the 
Society might desire. This is probab) 
due to their small size, membership dis 
tribution peculiarities, or lack of 4% 
gressive leadership. Whether the A¢ 
ministrative Committee could and shoul: 
contribute help to such districts is 
batable and is a matter upon which tit 
Board of Directors may wish to pa 
judgment. 

Barring the assignment of new tasks} 
the Board of Directors, the Administ 
tive Committee on District Activité 
now has no major job with which " 
coricern itself. However, it is the op!* 
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mn of some members of the committee clarification of its status, under present — 
that the committee should be main- conditions. 


tained on a “stand-by” basis. Problems, 


¥ Respectfully submitted on behalf of — 
hich are not now foreseeable, may arise . 


the committee, 


nd could be referred to the Administra- W. H. Lurz, 

tive Committee for guidance, providing 

the committee continues to function. R. J. PAINTER, 

The committee respectfully requests a Secretary, 


Chairman — 
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Committee A-1 on Steel is completing 
its fiftieth year of service to the Society 
and to the users and producers of steel. 
‘During this half century span, many of 

the outstanding men in the industry have 
contributed their time and efforts to- 
wards the activity of the committee. 
The result has been 140 specifications 
and testing methods which are authori- 
tative bases for the purchasing and test- 
ing of steel products. 

It is of interest to note that in this, 
_ its fiftieth year, Committee A-1 has com- 
pleted a new arrangement for presenta- 

tion of some of its earliest specifications 
—those on structural steel—which were 
first issued in 1901. In their new form 
the structural specifications for specific 
_ products include only those requirements 
which are applicable to the particular 
product. For requirements generally 
applicable to structural steel, the in- 
dividual specifications refer to a general 
requirement specification, which includes 
sections on dimensional tolerances, test 
specimens, testing methods, defects, 
_ marking, inspection and testing, retests 
and rejection. Subcommittee II on 
Structural Steel did a tremendous 
amount of work in developing the new 
system. Various other subcommittees 
of Committee A-1 as well as other com- 
mittees of the Society have indicated 
interest in this new form for presenting 
specification requirements. 

Personnel.—Committee A-1 has grown 

to include 275 voting members, consisting 


* Presented at the Fifty-second Annual Meeting of 
_ the Society, June 27-July 1, 1949. 


COMMITTEE A-1 
ON 
STEEL* 


of 131 producers, 109 consumers, and 35 
general interest members. 

Subsequent to the resignation of F. H, 
Frankland as Chairman of Subcommittee 
II, C. E. Loos of the Carnegie-IIlinois 
Steel Corp. has been appointed as chair- 
man with Jonathan Jones of the Bethle- 
hem Stee] Co. as vice-chairman and E. J 
Ruble of the Association of American 
Railroads as secretary. T. W. Merrill 
of the Vanadium Corp. of America, has 
been appointed secretary of Subcommit- 
tee VI and W. Warner, Inland Steel Co, 
vice-chairman of Subcommittee XI. 

Following the retirement and resigna- 
tion of Henry Wysor from the chairmap- 
ship of Subcommittee XV, E. V. Bennett 
of the Bethlehem Steel Co. has been ap- 
pointed as chairman with C. L. Kent oi 
Jones & Laughlin Steel Corp. as vice 
chairman. E. W. Upham of the Chrys 
ler Corp. has resigned as chairman of tht 
Special Subcommittee on Hardenability 
and has been replaced by R. B. Hoope 
of the same company. 

Losses by Death—The committee lis 
lost, through death, several member 
three of whom had a notable record 
service in Committee A-1, Messrs. Allat 
W. Carpenter, Lawford H. Fry, a0 
Jesse J. Shuman: 


Allan W. Carpenter (died April 21, 19f 
Engineer of Bridges for many years W 
the New York Central Railroad, had bee 
affiliated with A.S.T.M. for almost fort 
years. He had been chairman of Co 
mittee A-1’s Subcommittee on Structul 
Steel for a long period of time. Respec® 
and admired by all who knew him, he di 
much to advance the work of the commit 
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Lawford H. Fry (died July 10, 1948), was 
wn authority ‘on many subjects, including 
jesign and operation of steam locomotives 
and the nomenclature and testing of steel. 
Amember of the Society since 1905, he had 
yrved Committee A-1 in numerous capaci- 
ties, perhaps most notably as the chairman 
{its Subcommittee XIII on Methods of 
Tests. His authoritative knowledge of 
somenclature and definitions was constantly 
alled on. He was an able counsellor in 

any of the administrative matters in- 

lved in the operations of Committee A-1. 

Jesse J. Shuman (died October 13, 1948), 
tad an outstanding record of service, and 
achievement in the Steel Committee. Affil- 
ted since 1902 with the Society, he had 
satticipated in various phases of A.S.T.M. 

tk. Perhaps his most notable service 

as as the chairman of Committee A-1’s 
ubcommittee on Bar Steels, which he 
eaded for almost thirty years. 


In the death of these three men, 
mmittee A-1 loses a trio of its elder 
statesmen who for many years had given 
nstintingly of their time and abilities in 
uvancing the committee’s program of 
undardization of specifications and test 
methods. Their invaluable service 
should be an inspiration to all members, 
ind the committee records its apprecia- 
tion of the constructive interest and the 
tributions of these men. 


ENTATIVES AND REVISIONS OF 
TENTATIVES APPROVED DURING 
THE Past YEAR 


On November 15, 1948, the Adminis- 
ative Committee on Standards ap- 
moved the Tentative Specifications for 
‘amless and Welded Austenitic Stain- 
ss Steel Pipe (A 312 - 48 T) prepared 
ya joint Committee A-1 and Commit- 
#A-10 task group. The new tentative 
pears in the 1948 Supplement to Book 
iAS.T.M. Standards, Part I-A. 

Atevision in the Tentative Specifica- 
‘ous for Seamless Alloy-Steel Pipe for 
High-Temperature Service (A 158 - 48 T) 
aida tentative revision of the Standard 


Specifications for Carbon- and Alloy- 
Steel Nuts for Bolts for High-Pressure 
and High-Temperature Service (A 194 - 
48) were given approval by the Stand- 
ards Committee on December 22, 1948. 
On the following day, December 23, ap- 
proval was given a revision in the Tenta- 
tive Specifications for Alloy-Steel Bolting 
Material for High-Temperature Service 
(A193-48T). These revised tentatives 
appear in the 1948 Supplement to Book 
of A.S.T.M. Standards, Part I-A. 

On January 3, 1949, the Standards 
Committee approved a revision in the 
Tentative Method of End-Quench Test 
for Hardenability of Steel (A 255 — 48 T) 
which appears in the 1948 Supplement to 
Book of A.S.T.M. Standards, Part I-A. 

The following recommendations were 
given approval on May 2, 1949: 


New Tentative Specifications for: 


Heat Treated Carbon Steel Bars (A 321 - 49 T), 
and 


Hot Rolled Alloy Steel Bars (A 322-49 T). 


Revision of Tentative Specifications for: 


Steel Machine Bolts and Nuts and Tap Bolts 
(A 307 - 49 T), 

Nickel-Steel Plates for Boilers and Other Pres- 
sure Vessels (A 203 - 49 T), 

Stress-Relief-Annealed Cold-Drawn Carbon- 
Steel Bars (A 311 - 49 T), 

Chromium-Molybdenum Steel Plates for Boilers 
and Other Pressure Vessels (A 301 - 49 T), and 

Manganese-Molybdenum Steel Plates for Boilers 
and Other Pressure Vessels (A 302 — 49 T). 


Tentative Revision of Standard Specifications for: 


High Tensile Strength Carbon-Silicon Steel 
Plates for Boilers and Other Pressure Vessels 
(A 212 - 47), 

Molybdenum Steel Plates for Boilers and Other 
Pressure Vessels (A 204 — 47), 

Manganese-Vanadium Steel Plates for Boilers 
and Other Pressure Vessels (A 225 - 47), 

Carbon-Silicon Steel Plates of Intermediate | 
Tensile Ranges for Fusion-Welded Boilers and 
Other Pressure Vessels (A 201 - 47), and 

Open-Hearth Carbon Steel Rails (A 1 - 46). 


Revision and Reversion to Tentative of Standard 
Specifications for: 


Boiler and Firebox Steel for Locomotives (A 30 - 
49 T), and 
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Low and Intermediate Tensile Strength Carbon- 
Steel Plates of Flange and Firebox Qualities 
(Plates 2 in. and under in Thickness) (A 285 - 
49 T). 


One week Jater, May 9, the Standards 
Committee approved the following rec- 
ommendations: 


New Tentative Specifications for: 


General Requirements for Delivery of Rolled 
Steel Plates, Shapes and Bars for Structural 
Use (A 6-49 T). 


Revision of Tentative Specifications for: 


Low and Intermediate Tensile Strength Carbon- 
Steel Plates of Structural Quality (Plates 2 in. 
and Under in Thickness) (A 283 — 49 T), and 

Intermediate Tensile Strength Carbon-Silicon 
Steel Plates for Machine Parts and General 
Construction (Plates Over 2 in. in Thickness) 
(A 284 - 49 T). 


Revision and Reversion to Tentative of Standard 
Specifications for: 

Steel for Bridges and Buildings (A 7 - 49 T), 

Structural Silicon Steel (A 94-49 T), 

- Structural Steel for Locomotives and Cars (A 
113-49 T), 

Structural Steel for Ships (A 131 - 49 T), 

Structural Rivet Steel (A 141-49 T), 

- High-Strength Structural Rivet Steel (A 195 - 
49 T), and 

Low-Alloy Structural Steel (A 242 - 49 T). 


These ten structural specifications are 
being published as a group in a special 
pamphlet. 


RECOMMENDATIONS AFFECTING 
STANDARDS 

The committee is recommending revi- 
sions in five tentatives and four standards 
as itemized in the Appendix.! One stand- 
ard is recommended to be withdrawn. 
Three standards are recommended to be 
reverted to a tentative status without 
change, and it is recommended that thir- 
teen standards be reverted to tentative 
with revision. 

These actions have been submitted to 
letter ballot of the committee, the results 


1 See p. 90. 


of which will be reported at the Annua! 
Meeting.’ 


SUBCOMMITTEE ACTIVITIES 


Subcommittee I on Steel Rails and Acces. 
sories: 


This subcommittee met in Pittsburgh 
during the week of January 24 and re. 
viewed some changes proposed in eight 
specifications under its jurisdiction cov. 
ering rails, joint bars, and track spikes, 
bolts, and nuts. Following this meeting, 
it recommended to Committee A-1 that 
Standard Specifications A 1, A 2, A3 
A 4, A 65, A 66, A 76, and A 183 bere. 
verted to a tentative status with revision 
as outlined in the Appendix. 


Subcommittee II on Structural Steel for 
Bridges, Buildings and Rolling Stock: 


During the past year, Subcommittee II 
developed a new set-up for presentation 
of its specifications as explained prev- 
ously in thisreport. Approval was giver 
by the Administrative Committee o 
Standards to the revised specifications. J 
May 9, 1949, and the specifications are 
being issued in a special pamphlet. 

A special group in the subcommitte 
has under way a program for testing 
specimens of high strength and ordinary 
structural steel to determine proportion § 
limit, yield strength, and correspondiy § 
per cent extensions under load for thes 
values, as well as stress values for extet- 
sions of 0.3, 0.4, and 0.5 per cent. Ti 
test specimens will be prepared fros 
flame-cut, sawed and sheared plates, a1 
the test will also be conducted by variot 
aging methods. 

The subcommittee is recommend 

changes in Tentative Specification A 1* 
for High-Strength Structural Rivet Ste. 
and Specification A 113 for Structur 
Steel for Locomotives and Cars. The 
changes are outlined in the Appendix. 


? The letter ballot vote on these recommendation 
favorable; the results of the vote are on record at A. $1 
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Subcommillee IV on Spring Steel and Steel 

Springs: 

Authorization has been given to the 
Section on Hot Formed Springs to draft 
, specification for spring steel of the 
\1.S.I. 8600 series. The same section 
now has under consideration changes in 
Specifications A 125 for Heat-Treated 
Steel Helical Springs, and Specifications 
1147 for Heat-Treated Steel Elliptical 
Springs. 

At its last meeting on January 24, 
Subcommittee IV gave consideration to 
revisions in Standard Specifications A 59, 
\60, and A 68 which had been recom- 
mended by the Section on Hot Formed 
Springs. ‘These proposed revisions will 
ring the three specifications into com- 

ete conformity with present standard 
manufacturing compositions and prac- 
ce. The subcommittee recommends 
that these three specifications be revised 
as appended.* 


ubcommiltee V on Steel Reinforcement 
Bars: 


At the Annual Meeting in June, 1949, 
subcommittee V requested that Tenta- 
ve Specifications A 305 for Minimum 
Requirements for the Deformations of 
Deformed Steel Bars for Concrete Rein- 
ocement be revised and advanced to 
the status of standard. Since this action 


tee “SDot included in the Report of Com- 
Th ittee A-1 as preprinted, it was necessary 
committee to receive approval of 


¢ Executive Committee of the Board 
i Directors. Because of the special 
ature of the request, approval was given 
ibject to a unanimous affirmative letter 
allot of Committee A-1.4 

The request for this special action on 
pecifications A 305 came largely from 

‘These specifications were accepted as tentative by 


%¢ Society and appear in the 1949 Book of A.S.T.M. 
‘andards, Part 1. 


‘ . . 
_ ‘This recommendation, not preprinted, was accepted 
/ unanimous consent, subject to unanimous affirmative 


‘ter ballot of Committee A-1, which ballot has been 
dvorable, 
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the urgency of needing a standard speci- 
fication ready for long-pending revisions 
of design codes of the America Concrete 
Institute and similar technical consumer 
groups. The work leading to the revision 
had been done in the laboratories and 
facilities of the Bureau of Standards, 
various universities and other research 
agencies, and the final results were re- 
leased and approved too late for ap- 
propriate action for inclusion in the 
preprinted report. 


Subcommittee VI on Steel Forgings and 
Billets: 


Thirteen forging specifications under 
the jurisdiction of this committee were 
revised and submitted to A-1 letter bal- 
lot in September, 1948. While the re- 
sults of the balloting were definitely 
affirmative, there were several negative 
votes, and numerous suggestions for 
changes were received. A small editorial 
group has undertaken to make the neces- 
sary changes which involve quite inten- 
sive work. The specifications in their 
latest form are now being once again 
ballotted upon by Committee A-1, and 
it is expected to submit these to the 
Administrative Committee on Standards 
soon after the Annual Meeting. 

Subcommittee VI has been concerned 
with the discrepancies and misunder- 
standings involving the Standard Defini- 
tions of Terms Relating to Methods of 
Testing (E 6 — 36), and the Standard 
Methods of Tension Testing of Metallic 
Materials (FE 8 — 46) as they apply to the 
tension testing of forgings. A_ special 
group was appointed to investigate the 
matter and to make a report to the sub- 
committee with recommendations. The 
group’s recommendations have been re- 
ceived and accepted by the subcommit- 
tee. ‘These will be passed along to Sub- 
committee XIII on Methods of Tests for 
eventual action by Committee A-1 and 
Committee E-1 on Methods of Testing. 
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The subcommittee has under prepara- 
tion, a specification for alloy steel seam- 
less drum forgings which will be a 
counterpart of the present specification 


Subcommittee 1X on Steel Tubing and 
Pipe: 
A joint group of Subcommittee LX and 
- Subcommittee XXII personnel still has 
_ under consideration two specifications for 
low-temperature application, one for pipe 
and one for tubing. A special group ap- 
pointed to study the possible standardi- 
zation of hydrostatic pressures for all 
types of boiler products reported it was 
their opinion that it was impracticable to 
attempt such a standardization. 
Subcommittee [X has appointed repre- 
sentatives to serve on a special joint 
group with representatives from Sub- 
committee XXII to correlate grade num- 
bers for the several types of steel common 
to the various commodities under the 
jurisdiction of Subcommittees IX and 
XXII. 


Subcommittee XI on Steel for Boilers and 
Pressure Vessels: 


The subcommittee still has under con- 
sideration a specification for 83 per cent 
nickel steel plate. There is some doubt 

as to whether sufficient material is fur- 
nished to this analysis to warrant an 
_ A.S.T.M. specification. 
The subcommittee has written a pro- 
_ posed Tentative Specification for General 
Requirements for Delivery of Rolled 
Steel Plates of Flange and Firebox Quali- 
ties, and has revised three of the present 
boiler plate specifications in line with the 
new General Requirement Specification. 
These proposals are being balloted upon 
by Committee A-1. If the vote is af- 
firmative the committee will proceed 
with revising the remainder of the boiler 
plate specifications in like manner. 
The committee is recommending revi- 


sions in the marking clause of Specifica. 
tions A 201, A 203, A 204, A 212, A 225 
as outlined in the Appendix to this report 
The committee is also recommending re. 
visions in maximum carbon content and 
the tensile strength range for Tentative 
Specifications A 301 for Chromium. 
Molybdenum Steel Plates for Boilers and 
Other Pressure Vessels. A revision js 
recommended for Tentative Specifica- 
tions A 300 for Steel Plates for Pressure 
Vessels for Service at Low Temperatures 
by adding a paragraph to the scope stat- 
ing that steel furnished to the specifica- 
tion should be made by a fine grain melt- 
ing practice. Revisions in Specifications 
A 31 for Boiler Rivet Steel and Rivets are 
recommended as outlined in the Appen- 
dix. 

A special group has been appointed to 
study the yield point elongation require- 
ments in the various plate specifications 
to reconcile the yield point requirement 
and to determine the feasibility of adopt- 
ing definite minimum percentages for 
elongation in lieu of the present sliding 
scales. 


Subcommittee XV on Bar Steels: 


A document covering proposed me 
chanical testing procedures and defin 
tions for carbon and alloy bars has bee 
prepared and reviewed by the subcon 
mittee. A group has been appointed 
make additions to this document covet: 
ing the testing of cold-drawn steel]. Its 
anticipated that a finished document wi 
be ready to be turned over to Subcom 
mittee XIII very shortly. 

Standard Specifications A 108 for Cold 
Finished Carbon Steel Bars and Shafting 
is now obsolete, and a new draft has beet 
prepared. It is expected that this 
vised specification will soon be ready for 
submittal to Committee A-1. It is al 
proposed to enlarge Tentative Specific 
tions A 306 for Medium Carbon Sté 
Bars Subject to Mechanical Proper! 
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Requirements by the inclusion of eight 
srades of material. This revision will 
son be submitted to Committee A-1. 

The subcommittee recommends that 
Standard Specifications A 107 and A 108 
e reverted to a tentative status. 


Subcommillee XIX on Sheet Steel and 
Steel Sheets: 


The proposed Tentative Specification 
for Carbon Steel Sheets and Strip of 
Flange and Firebox Qualities is still under 

sideration. The subcommittee has 

recommended that Standard Specifica- 
tions A 109 for Cold-Rolled Steel Strip 
reverted to a tentative status and re- 
isedasappended.® The matter of inter- 
retation of thickness for cold-rolled strip 
aterials was referred to a special group 
for study and recommendation. The 
ame group will study the wording of the 
bend test clause in the present sheet spec- 
ications, particularly the matter of edge 
cracking and bend test specimen. 


subcommittee XXII on Valves, Fittings, 
Pipings and Flanges for High-Tempera- 
lure and Subalmospheric Temperatures: 


Still under consideration by the Section 
m Castings is a draft of the proposed 
specification consolidating the essential 
grades found in the present Specifications 
A157 and A 217. When this proposed 
pecification is approved, it will immedi- 
ately supercede the present Specifications 
A157 and A 217. 

The subcommittee is recommending re- 
visions in the physical and chemical re- 
uirements for grade F-22 in Tentative 
Specifications A 182 for Forged or Rolled 
Alloy-Steel Pipe Flanges, Forged Fit- 
tings, and Valves and Parts for High- 


‘These revised specifications were accepted by the 


and a 949 
Sundards, in the 1949 Book of A.S.T.) 


Temperature Service, as well as revisions 
in the present definitions of heat treating 
for austenitic steels. These revisions are 
outlined in the Appendix. 


Subcommittee XXII is also recom- — 
mending a revision in Standard Specifica- 


tions A 181 for Forged or Rolled Steel 
Pipe Flanges for General Service, involv- 
ing a change in title and scope as outlined 
in the Appendix. 

Still under consideration by the Section 


on Pipe is a revision and rewriting of | 
Specifications A 158 for Seamless Alloy- _ 


Steel Pipe for High-Temperature Service | 
which concerns deletion of all reference 
to austenitic steels. This section is also 
concerned over the application of Tenta- 


tive Specifications A 312 for High-Tem- 


perature Service. A proposed specifica- 
tion covering similar material, specifically 
for high-temperature service, has been 
drafted and a special group appointed to — 
compare this proposed specification with 
the present Specifications A 312. An-— 
other special group in the Section on Pipe — 
has been appointed to attempt to com- 
bine all the ferritic high temperature pipe 
specifications into one document. 
The Low-Temperature Advisory 
Group has adopted a wording for a clause ~ 
for general use in specifications for mate- 
rials for use at low temperature. 


This report has been submitted to | 
letter ballot of the committee, which > 
consists of 275 members; 194 members 


returned their ballots, all of whom have ~ a 


voted affirmatively. 


Respectfully submitted on behalf of — 
the committee, 
N. L. Mocuet, 
Chairman. 


H. C. Larson, 
Secretary. 
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In this Appendix recommendations are 
given affecting certain specifications, 
both standard and tentative, covering 
various steel products. These specifica- 
tions, except for A 113 and A 195, appear 
in their present form in either the 1946 
Book of A.S.T.M. Standards, Part I-A, 
or the 1947 or 1948 Supplements, Part 
[-A, as indicated by the final number in 
the A.S.T.M. Designation. 


REVISIONS OF TENTATIVES 
Tentative Specification for Structural 


Steel for Locomotives and Cars (A 


113-49 T):! 
Table I.—Revise the bend test require- 
ments for grade B to read as follows: 


Over 36:60 2 ntl... 2 
23 


Tentative Specification for Forged or 

Rolled Alloy-Steel Pipe Flanges, 
Forged Fittings, and Valves and Parts 
for High-Temperature Service (A 182 
-48 T): 


Table I.—Kevise the chemical require- 
ments for grade I-22 to read as follows: 


Carbon, max., per cent ......... 0.15 
Manganese, per cent............ 0.30 to 0.60 
Phosphorus, max., per cent...... 0.040 

Sulfur, maz., per cent........... 0.040 

_ Silicon, max., per cent........... 0.50 
Chromium, per cent..... piers 2.00 to 2.50 
Molybdenum, per cent.......... 0.90 to 1.10 


1 Tentative Specifications A 113-49 T and A 195 - 
g T are issued in a special 1 “A.S.T.M. Specifica- 
tions for Rolled Structural Steel,’’ May, 1949. 
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RECOMMENDATIONS AFFECTING STANDARDS ON STEEL 


Table I1.—Kevise the tension require- 
ments for grade F-22 to read as follows: 


Tensile strength, min., psi.......... 70 000 
Yield point, min. psi.. . ee 
Elongation in 2 in., min., per cent...... 20 
Reduction of area, min., per cent....... 30 


Section 5.—Revise Paragraph (d) to 
read “The austenitic steels shall receive 
a carbide solution treatment as described 
in Paragraph (h) except as may otherwise 
be agreed upon by the manufacturer 
and the purchaser. When specified by 
the purchaser, grades F 8c and F 8t shall 
receive a stabilizing treatment as de- 
scribed in Paragraph (7).” 

Add a new Paragraph (i) and reletter 
the present Paragraph (hk) as (i), revis 
ing to read as follows: 

(h) Carbide Solution.—The carbide solution 
treatment for austenitic steels shall consist of 
holding the forgings for a sufficient time at 4 
temperature at which the chromium carbides 
will go into solution and then cooling in air ot 
a liquid medium at a rate sufficient to prevent the 
reprecipitation. 

(i) Stabilizing. —The procedure for stabiliz 
ing grades F 8c and F 8t shall consist of holding 
the forgings at 1500 to 1600 F. for not less thas 
2 hr. per inch of thickness and then cooling in 
the furnace or in air. 


Tentative Specifications for High 
Strength Structural Rivet Steel (A 19 
~49T):! 

Section 5 (a).—For check analysis 
requirements, change the maximum car 
bon from the present “0.35” to read 
“0.33” per cent. In the same colum), 
change the maximum manganese requife 
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ment from the present “1.75” to read 
“1.71” per cent. 


Tentative Specifications for Nickel-Steel 
Plates for Boilers and Other Pressure 
Vessels (A 203 — 49 T): 


Section 14.—Revise to read as follows: 


14. (a) Except as specified in Paragraph (6), 
>name or brand of the manufacturer, manu- 
ucturer’s test identification, class, and minimum 
the range of the tensile strength specified for 
the grade ordered, and the letters “NI,” shall 
¢ legibly stamped on each finished plate in two 
aces not less than 12 in. from the edges and on 
each butt strap near the center line not less than 
12 in. from each end. Plates, the maximum 
ngthwise and crosswise dimensions of which 

) not exceed 72 in., shall have the marking 
tamped in one place approximately midway 
tween the center and an edge. The manu- 
cturer’s test identification number shall be 
gibly stamped on each test specimen. 

(b) For plates under } in. in thickness, the 
marking specified in Paragraphs (a) and (c) 
shall be legibly stenciled instead of stamped. 

(c) Except as specified in Paragraph (6), when 
ordered for railroad service in either locomotive 
or stationary boilers, each plate shall be stamped 
with the customer’s special identification serial 
number as indicated on order or by the cus- 
tomer’s representative when present at the time 
the serial numbers are applied; in addition, the 
plates shall be match-marked as defined in 
Paragraphs (d), (e) and (f) so that test specimens 
representing them may be identified. When 
more than one plate is cut from an as-rolled plate, 
each plate shall be match-marked so that they 
all may be identified with the test specimen 
representing them. 

(¢) Each match-mark shall consist of two 
overlapping circles each not less than 1} in. in 
diameter, placed upon shear lines, and made by 
‘“parate impressions of a single circle steel die, 
except as specified in Paragraph (6). 

_(€) Match-marked coupons, except as pro- 
vided in Paragraph (f) shall match with the 
plates represented and only those which match- 
mark properly shall be accepted. 

(f) When arranged with the margafacturer, 
for plates rolled on mills with rotary side and 
automatic end shears, and for plates necessitat- 
ing flame cutting because of thickness or circular 
plates, making match-marking impracticable, the 
manufactuer shall furnish an affidavit, in lieu 
of the match-marking requirement, stating that 
the test coupons are representative of the plates 
and patterns cut from the material as indicated. 


If the plan of furnishing an affidavit is not satis- 
factory, the manufacturer and purchaser may 
mutually agree on some other method of test 
piece identification. 


Tentative Specifications for Chromium- 
Molybdenum Steel Plates for Boilers 
and Other Pressure Vessels (A 301 — 
49 T): 

Table J.— Revise the maximum carbon 
requirements to read “0.21” per cent 
for all thicknesses of material. 

Table II.—-Revise the required tensile 
strength range from the present ‘70,000 
to 82,000” to read ‘65,000 to 82,000” 
psi. 


Revisios OF STANDARDS 
IMMEDIATE ADOPTION 


Standard Specifications for Silicon-Man- 
ganese Steel Bars for Springs (A 59 - 
39), 

Standard Specifications for Chromium- 
Vanadium Steel Bars for Springs 
(A 60 — 42), 

Standard Specifications for Carbon-Steel 
Bars for Springs with Special Silicon 
Requirements (A 68 — 44): 


Revision of these specifications includes 
revised chemical composition, require- 
ments for check analysis, and revised 
dimensional tolerances. The proposed 
revised specifications are appended 
hereto.” 


Standard Specifications for Forged or 
Rolled Steel Pipe Flanges for General 
Service (A 181 — 46): 

Tille.—Revise to read “‘Standard Speci- 
fications for Forged or Rolled Steel Pipe 


Flanges, Forged Fittings, and Valves 


and Parts for General Service.” 


Section 1 (a).—Revise to read “These 


specifications cover forged or rolled steel 
pipe flanges, forged fittings, and valves 


and parts for general service (Note).” 
Section 4.—In Paragraphs (a), 


2 These revised specifications were accepted by the — 


Society and appear in the 1949 Book of A.S.T.M. 
Standards, Part 1. 
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and (e), change the word “flange” or 
or “forgings,” 


“flanges” to “forging” 

respectively. 

Section 7.—In the second line, change 
“one forged or rolled flange” to read 
“one forging.” 

_ Section 9 (d).—Change the word 

“flange” or “flanges” to “forging” 
“forgings,” respectively. 

Sections 11, 12 and 13.—Change the 
word “flange” or “flanges” to “forging” 
or “forgings,” respectively. 


AFFECTING ON — 


REVISION OF STANDARDS AND 
REVERSION TO TENTATIVES 


Standard Specifications for Open-Hearth 
Carbon-Steel Rails (A 1 - 46): 


Section 1.—Revise to read as follows: 


1. (a) These specifications cover open-hearth 
carbon-steel standard Tee rails of nominal 
weights of 61 Ib. per yd. and over and are ip. 
tended primarily for export and industrial use 

(6) Supplementary Requirements (Para. 
graphs S1 to S5) of an optional nature are 
provided. They shall apply only when specified 
by the purchaser. 


TABLE I.—CHEMICAL REQUIREMENTS. 


61 to 80 


0.55 to 0.68 
0.60 to 0.90 
0.04 
0.10 to 0.23 


Carbon, per cent 

Manganese, per cent 
c Phosphorus, max., per cent 
Silicon, per cent. 


WITHDRAWAL OF STANDARD 


Standard Specifications for Carbon-Steel 

Bars for Springs (A 14 — 44): 

It is recommended that these specifica- 
tions be discontinued since this material 
is no longer supplied, having been re- 
placed by Standard Specifications A 68. 


REVERSION OF STANDARDS 
TO TENTATIVES 


Standard Specifications for Hot-Rolled 
Carbon-Steel Bars (A 107 — 47), 


Standard Specifications for Cold-Fin- 
ished Carbon-Steel Bars and Shafting 
(A 108 — 47), 


Standard Specifications for Heat- 
Treated Carbon- and Alloy-Steel 
Track Bolts and Nuts (A 183 — 46): 


It is recommended that these stand- 
ards be reverted to tentative to facilitate 
revisions in the near future. 


Nominal Weight, lb. per yd. 
81 to 90 | to. 120 121 and 
0.64 to 0.77 
0.60 to 0.90 
0.04 
0.10 to 0.23 


0.67 to 0.80 
0.70 to 1.00 
0.04 
0.10 to 0.23 


0.69 to 0.82 

0.70 to 1.0 
0.04 

0.10 to 0.23 


Section 7.—Revise to read as follows: 


7. Separate analyses shall be made from drill 
ings taken from test ingots representing one oi 
the first three and one of the last three applied 
full ingots of the heat to determine the per- 
centages of carbon, manganese, phosphorus, 
sulfur and silicon. ‘The average analysis of the 
ladle test ingots shall conform to the require: 
ments prescribed in Table I. 


Table I.—Revise to read as shown it 
the accompanying Table I. 

Section 12.—Delete, renumbering sub- 
sequent sections accordingly. 

Section 13 (b).—Revise to read as fo: 
lows, retaining the present Items (1) 
(4): “When specified in accordance wit! 
Supplementary Requirement S2 a pr 
gressive all ingot nick and break te 
with the elimination of X-Rayls sh 
be performed as follows:” 

Section 15.—Renumber as Section | 
and revise to read as follows: 


14. (a) The standard length of rails shall 
39 ft. when measured at a temperature of @F 
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15.5 C.). Eleven per cent of the entire order 
ill be accepted in shorter lengths varying by 
ft. from 38 ft. to 25 ft. and a variation of j in. 
from the specified length will be permitted, ex- 
cept that on 15 per cent of the order a variation 
of; in. will be permitted. 

b) Rails 33 ft. in length may be specified in 
accordance with Supplementary Requirement 
3, When the specified length is 33 ft., 10 per 
cent of the entire order will be accepted in 
shorter lengths varying by 1 ft. from 32 ft. to 
25ft. and a variation of } in. from the specified 
length will be permitted, except that on 15 per 

t of the order a variation of 2 in. will be 
rmitted. 


Section 17.—Revise to read “Circular 

es for joint bolts shall be drilled to 

nform to the drawings and dimensions 
furnished by the purchaser. A varia- 
tion of O in. under and g in. over in the 
size of the bolt holes will be permitted. 
\ variation of zz in. in the location of 
the holes will be permitted. 

Section 19.—In Item (1) of Paragraph 
¢), change the word “number” to read 
“manner.” 

Section 20.—In Paragraph (a) add a 

te above the example of the typical 
rand to read “Controlled cooled rails 

i sections 100 lb. nominal weight per 
yard and lighter (except rail section 100 
RE) may be identified either by the let- 
tes “CC” in the brand or hot stamped 

the web of the rail.” 

In Paragraph (c) revise the design and 
sizes of letters and numerals to be used 
in stamping to read as follows: 
\BCDEFGHJK 
1234567890 


In Paragraph (d) change the quantity 
i” to read “80” Ib. 


Section 21.—Renumber as Section 20 
and revise to read as follows: 


20. (¢) Rails accepted as No. 2 rails shall be 
stamped with the figure 2 on both end faces. 
(b) Rails accepted as X-Rayls shall be 
‘amped with the letter “X” on both end faces. 


Section 22.—Revise the classifications 
‘or loading to read as follows: 


(a) No. 1 Rails. 

(b) No. 2 Rails and X-Rayls. 

(c) Short Rails. 

(d) No subdivision by classification 
markings other than listed above in 
Paragraphs (a) to (c) is necessary for 
separate loading. 

Section 24 (b).—Revise to read as fol- 
lows: 


(b) No. 2 rails will be accepted to the extent 
of 8 per cent of the whole order of 39-ft. standard 
length rails. Where rails are specified 33 ft. 
under Supplementary Requirement $3, 5 per 
cent of the whole order of 33-ft. rails will be 
accepted. 


Section 25.—Revise Paragraphs (a) 
and (6) to read as follows: 


25. (a) Controlled cooling may be specified 
in accordance with Supplementary Requirement 
S4. Rails of a nominal weight of 85 lb. per yd. 
and over will be controlled cooled unless other- 
wise specified. 

(b) Controlled cooling may be specified for 
rails of a nominal weight of less than 85 lb. per 
yd. in accordance with Supplementary Require- 
ment S5. 


In Item (6) of Paragraph (c), revise 
the last sentence to read, “If for unavoid- 
able mill conditions, this time tempera- 
ture cycle is not met, the rails shall be 
considered controlled cooled provided 
the temperature at a location not less 
than 12 in. from the end of a rail “at 
approximately the center” of the middle 
tier does not drop below 300 F. in less 
than 15 hr.” 

Supplementary Requirements.—Add 
Supplementary Requirements to the 
specifications to read as follows: 


“One or more of the following Supplementary 
Requirements shall apply only when specified 
by the purchaser in the inquiry, contract, and 
order. 

$1. Rails of nominal weights of 50 to 60 lb. 
per yd. may be furnished to the requirements of 
these specifications for rails of 61 to 80 lb. per 
yd. except as provided in Section 11 (a). 

$2. Progressive nick and break testing may 
be specified as prescribed in Section 12 (6). 
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$3. Rails 33 ft. in length may be specified in 
accordance with Section 14 (6). 

$4. Controlled cooling may be specified for 
rails of nominal weight of 85 Ib. per yd. and 
over in accordance with Section 24. 

SS. Rails under 85 lb. per yd. nominal weight 
4 may be specified controlled cooled by speciai 
arrangement between the manufacturer and the 
4 purchaser. 


_ Standard Specifications for Open-Hearth 
Steel Girder Rails of Plain, Grooved 
and Guard Types (A 2-27): 


Section I (a).—Revise to read “Un- 
_ less otherwise specified by the purchaser, 
 girder-guard rails shall be class A.” 

Section 3.—Delete the present Para- 
graph (0). 

Section 4.—Revise the second sentence 
to read “When any finished rails show 
piping, they shall be cut to shorter 

lengths until all evidence of this is re- 
moved.” 

Section 5.—Change the required silicon 

content for all classes from the present 
“0.15 to 0.50” to read “0.10 to 0.40” per 
cent. 

Section 6.—Revise the second sentence 
to read “This analysis shall be made 
from drillings obtained from a test ingot 
taken during the pouring of the heat.” 

Section 7.—Add the word “ladle” be- 
fore the words “test ingot.” 

Section 8 (a)..-Change 

“three.” 

Section 9. 


the first sentence. 
_ In Paragraph (d) change “four” to 


“three.” 
Section 11 (c).—Revise to read ““When 
necessary on account of the type of 
track construction, and notice to that 
effect has been given to the manufac- 
turer, the position of the gage line with 
respect to the outer edge of the base 
shall not vary more than in.” 
Section 12 (b).—Revise to read ‘The 
_ lengths shall not vary more than 3 in. 
on 60 and 62 ft. rails, except that on 15 
per cent of the order a variation of 3 in. 


“four” to 


In Paragraph (c) delete. 


will be allowed; nor more than } in. oy 
30 and 32 ft. rails, except that on 15 
per cent of the order a variation of } jn, 
will be allowed.” 

Section 15.—Revise Paragraphs 
(6), and (c) to read as follows: 


15. (a) Rails shall be reasonably smooth o 
the head, reasonably straight in line and surface 
without any twists, waves or kinks, particula; 
attention being given to having the ends withoy 
kinks or droop. 

(b) All burrs or flow caused by drilling 
sawing shall be carefully removed. 

(c) Rails shall be free from injurious gag 
marks and other defects of cold straightening 


Section 16 (a).—In the first sentence, 
change on” to 

Section 19 (b).—Revise the first sen- 
tence to read, “No. 2 rails shall be rails 
which by reason of surface or other im- 
perfections are not classed as No. | 
rails, provided they do not, in the judg. 
ment of the inspector, contain imperiec- 
tions in such number and of such 
character as to render them unfit for 
No. 2 rail uses, and provided they con- 
form to the requirements specified in 
Section 11.” 

Section 20.—In Paragraph (a) delete 
the phrase “the letters “O.H.”.” 

Revise Paragraph (b) to read “Both 
ends of all No. 2 rails shall be stamped 
with the figure 2 on both end faces.” 

Section 21 (a).—Revise to read “Rail 
shall be loaded and handled in suci 
manner as not to bruise the flanges ot 
cause injury.” 


Standard Specifications for Low-Carbos 
Steel Joint Bars (A 3 — 46): 


Section 3.—For acid-bessemer 
change the required maximum pho 
phorus content from the present “0.10 
to “0.11” per cent. 

Section 6.—Revise the present mir 
mum elongation in 8 in. to read “Elong 
tion in 2 in., min., per cent........2 

Section 7.—Delete, renumbering the 
subsequent sections accordingly. 
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Section 8.—Revise to read, ‘“Tension 


est specimens shall be taken from the 


ished rolled bars. Tension test speci- 
ns shall be of 2-in. gage length.” 
Section 9 (a).—Delete the reference to 


the bend test. 


jandard Specifications for Medium- 
Carbon Steel Joint Bars (A 4-14): 
Section 4.—Revise the required maxi- 
im phosphorus content from the pres- 
t “0.04” to “0.05” per cent. 


Standard Specifications for Boiler Rivet 
Steel and Rivets (A 31 — 40): 


Section 3.—Revise the table of chemi- 
| compositions to read as follows: 


Grade A Grade B 
rbon, max., percent... ... 0.27 
fanganese, max., percent 0.60 0.90 
osphorus, max., percent 0.04 0.04 
ifur, max., percent.... 0.05 0.05 
icon, per cent....... 0.10 to 0.30 


Section 4.—Revise to read as follows: 


4. An analysis of each heat of steel shall be 
ide by the manufacturer to determine the 
rcentages of carbon, manganese, phosphorus, 
fur, and silicon. This analysis shall be made 
m a test ingot taken during the pouring of the 

heat. The chemical composition thus deter- 
ined shall be reported to the purchaser or his 

representative, and shall conform to the require- 
ents specified in Section 3. 


Section 9 (a).—Revise to read as fol- 
WS: 


9. (a) Two tension, two cold-bend, and two 
ench-bend tests shall be made from each heat. 
nless the finished material from a heat is less 
than 30 tons when one tension test, one cold 
end test, and one quench bend test will be 
ficient. Each test shall conform to the re- 
lirements specified in Sections 6 and 7. 


Table I.—Delete reference to material 
wer 13 to 2 in., inclusive, in specified 
size, 

Section 11.—Revise to read ‘‘The ma- 
tial shall be free from injurious de- 
ects,” 
Section 12. 


The 


—Revise to read “ ivet 


bars shall, when loaded for shipment, 
be properly separated in lifts and tagged 
with the name or brand of the manufac- 
turer and the heat number for identifica- 
tion. The heat number shall be legibly 
marked on each test specimen.” 

Section 18.—Revise to read “The 
finished rivets shall be true to form and 
concentric and shall be free from in- 
jurious defects.” 


Standard Specifications for Soft Steel 
Track Spikes (A 65 — 33): 


Section 3.—Add to the table of chemi- 
cal composition requirements the fol- 
lowing: “Copper may be specified in 
accordance with Supplementary Re- 
quirement S1.” 

Section 4 (a).—Revise the first sen- 
tence to read “A determination for car- 
bon and copper, when copper is specified 
(see Supplementary Requirement S1), 
shall be made of each heat of steel.” 

Supplementary Requirement.—Add the 
following supplementary requirement: 


shall apply only when specified by the purchaser 
in the inquiry, contract and order: 
S1. Copper may : specified under Section 3 


The following iy Requirement 


to a minimum requitement of 0.20 per cent. 


Standard Specifications for Steel Screw 
Spikes (A 66 — 33): 


Section 1.—Reletter the present as 
Paragraph (a) and add a new Paragraph 
(b) to read “A Supplementary Require- 
ment (Paragraph S1) of an optional 
nature is provided. It shall apply only 
when specified by the purchaser.” 

Section 4 (a).—-Change the minimum 
elongation in 2 in. from the present 
“20” to “18” per cent. 

Supplementary Requirement.—Add the 
following Supplementary Requirement: 

The following Supplementary Requirement 
shall apply only when specified by the purchaser 
in the inquiry, contract and order: 
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$1. Copper may be specified to a minimum 
of 0.20 per cent. 


Standard Specifications for Low-Carbon 
Steel Track Bolts and Nuts (A 76- 
46): 


Section 3 (a).—For acid-bessemer steel, 
change the maximum phosphorus from 
the present ‘0.10” to read “0.11” per 
cent. 


F Standard Specifications for Cold-Rolled 
Strip Steel (A 109 — 38): 
These specifications have been ex- 
_tensively revised, and are appended.’ 


_ Standard Specifications for Carbon-Sili- 
con Steel Plates of Intermediate Ten- 
sile Ranges for Fusion-Welded Boilers 
and Other Pressure Vessels (A 201 - 
47): 


Section 14.—Revise to read as indi- 
cated above for Section 14 in Tentative 
Specifications A 203, deleting the phrase 
the letters “NI.” 


Standard Specifications for Molybde- 
num-Steel Plates for Boilers and 
Other Pressure Vessels (A 204 — 47): 


Section 14.—Revise as indicated above 
for Tentative Specifications A 203, sub- 


stituting the letters ““MO” for the let. 
ters “NI.” 


Standard Specifications for High Tensj}. 
Strength Carbon-Silicon Steel Plate; 
for Boilers and Other Pressure Vesse|; 
(Plates 6 in. and Under in Thickness 
(A 212 - 47): 

Section 14.—Revise as indicated above 

for Specifications A 201. 


Standard Specifications for Manganese. 
Vanadium Steel Plates for Boiler; § 
and Other Pressure Vessels (A 225- 
47): 

Section 14.—Revise as indicated for 
Section 14 in Tentative Specifications 
A 203 substituting the letters “MV” for 
the letters “NI.” 


ADOPTION OF TENTATIVE AS STANDARD 


Tentative Specifications for Minimum 
Requirements for the Deformations of 
Deformed Steel Bars for Concrete Re- 
inforcement (A 305 - 47 T): 


The recommendation that these spec 
fications be approved for reference to 
letter ballot of the Society for adoption «: 
standard with revisions appears in thi 
Summary of Proceedings.* 


3 See p. 11. 
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Since the 1948 Annual Meeting of the 
Society, the Advisory Committee and a 
number of the subcommittees met in 
Chicago, Ill., on March 1 and 2, 1949. 
During the year, changes in committee 
membership have resulted in a _ net 
increase of 3 members, the total mem- 
bership of the committee now being 126, 
of whom 45 are classified as producers, 
55 as consumers, and 26 as general 
interest members. 

Arrangements have been made for the 
presentation of a Symposium on Testing 
Cast Iron with SR-4 Type of Gage, 
comprising 14 papers, on June 29, 1949, 
during the Annual Meeting. 

Committee A-3 is also sponsoring a 
Symposium on the Properties, Testing, 
and Use of Gray Iron at the A.S.T.M. 
Pacific Area National Meeting in San 
Francisco, Calif., in October, 1949. 

The Research Subcommittee has sub- 
mitted a proposal to Committee A-3 that 
involves financing a project for research 
work on the elevated temperature prop- 
erties of cast iron. This project is now 
under review in the committee. 

Activities of Subcommittees include a 
review by Subcommittee XV of impact 
lest methods applicable to cast iron. 
This review is shown in an Appendix 
'o this report both as a matter of in- 
formation and to encourage cooperative 
ests designed to develop a tentative 
specification. Subcommittee XI has pre- 
pared a questionnaire with the purpose 


of standardizing Brinell hardness testing 
of cast iron. 


at the Fifty-second Annual Meeting of the 
Stciety, June 27-July 1, 1949. 


REPORT OF COMMITTEE A3* 
ON 


CAST IRON 


REVISION OF STANDARD AND REVERSION | 


TO TENTATIVE 


The committee recommends that the 
Standard Specifications for Automotive 
Gray Iron Castings (A 159-47)! be 
expanded to include two new alloys, 
designated Nos. 113 and 114 and that the 
specifications be reverted to tentative. 
The following revision is the result of 
considered action by representative con- 
sumers and producers in the automotive 
field and will bring these specifications 
into conformity with a projected parallel 
specification of the Society of Auto- 
motive Engineers: 

Section 4.—Revise the title of 


section to read “Physical Properties 
and Chemical Composition.” 

Change Paragraph (a) to read as 
follows by the addition of the italicized 
words: ‘‘Castings, except those intended 
for brake drums and clutch plates, shall 
conform to the requirements as to 
tensile strength prescribed in Table I.” 

Renumber the present Paragraph (b) 
as Paragraph (c) and add a new Para- 
graph (b) to read as follows: “Brake 
drums and clutch plates are considered 
as special cases under these specifications. 
Materials intended for such services shall 
conform to the requirements listed in 
Table II (the accompanying Table I). 

Table II.—Add the accompanying 
Table I as a new Table II. 


EDITORIAL CHANGE IN STANDARD 


The committee recommends an ed- 
itorial change in the Standard Speci- 


to Book of A.S.T.M. Standards, 
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REPORT OF COMMITTEE A-3 


Iron Castings 
addition of the 


fications for (Gray 
(A 48 —- 48)* by the 


TABLE I.—CHEMICAL, PHYSICAL, AND STRUC- 
TURAL REQUIREMENTS OF AUTOMOTIVE 
GRAY IRON CASTINGS FOR BRAKE 


CHEMICAL CoMPOSITION 


3.40 min. 
(mandatory) 


TypicaL CompoSITIONAL RANGES 


Total Carbon, per cent....| 3.40 min. 


Silicon, per cent 
Manganese, per cent 
Sulfur, max., per cent 
Phosphorus, max., per cent 0.20 0.20 
Alloys As required As required 


PuysicaAL Properties 


Brinell Hardness No.......| 179 to 229 207 to 269 


Transverse Strength, min., 


STRUCTURAL PROPERTIES 
lType A, Sizes Type A, Sizes 
2to4 
Lamellar 

pearlite 
witb ferrite 
if present 
not to exceed 
approxi- 

mately 15 

per cent. 


3 to 

Fine lamellar 
pearlite 
with excess 
constituent 
free cemen- 
tite or free 
ferrite or 
both not to 
exceed ap- 
proximately 
5S per cent. 


@ Properties determined on test bar 1.2-in. in diameter, 
broken on 18-in. supports. q 

These numbers are identical with corresponding 
S.A.E. numbers in the Standard for Automotive Gray 
Iron Castings of the Society of Automotive Engineers. 

€ Brake drums and clutch plates for moderate service 
requirements where high-carbon iron is desired and heat 
checking is a problem. 

Heavy duty drums and clutch plates where both 
heat checking and strength are definite requirements. 
Since the same base iron is indicated for both No. 113 and 
114 it is presumed that alloys will be used especially in 
the latter to meet the strength and structural require- 
ments. 
© The type and size of prahite referred to in this table 

_ is in accordance with the Recommended Practice for 
_ Evaluating the Microstructure of Graphite in Gray Iron 
(A.S.T.M. Designation: A 247).! 


following new _ informative note: 
“Note 8.—A chart showing the approximate 
Brinell hardness-strength relationships for cast 


21948 Supplement to Book of A.S.T.M. Standards, 
I-A. 


iron’ is shown in Fig. 6’’ (the accompanying 
Fig. 1). 


REAFFIRMATION OF STANDARDS 


The committee recommends that the 
following standard, which has stood for 
more than six years without revision, be 
reaffirmed and continued as such: 


Standard Specifications for: 


Gray Iron Castings for Valves, Flanges and Pipe 
Fittings (A 126-42). 


The following three standards will be 
reviewed at the Annual Meeting: 


Standard S pecifications for: 


Cast Iron Pit-Cast Pipe for Water or Other 
Liquids (A 44 - 41), 

Cast Iron Soil Pipe and Fittings (A 74 - 42), and 

Cast Iron Culvert Pipe (A 142 — 38). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following specifications and method of 
test be continued as tentative for the 


reasons indicated: 


Foundry Pig Iron (A 43-457), to permit 
revision of silicon ranges of silvery iron and 
possible simplification, 

Gray Iron Castings for Pressure-Containing 
Parts for Temperatures up to 650 F. (A 278- 
44 T), pending parallel action by the A.S.M.E 
Boiler Code Committee relative to allowable 
stress, stress-relieving treatments and suitable 
marking of irons certified for use at high 
temperature, and 


Tentative Specifications for: 


Tentative Method of: 


Compression Testing of Cast Iron (A 256-467 
pending reconsideration by the appropriate 
subcommittee. 


The recommendations in this repot 
have been submitted to letter ballot « 


$J. T. Mackenzie, “The Brinell Hardness of Gr 
Cast Iron and its Relation to Some Other Propertif. 
Proceedings, Am. Soc ‘Testing Mats., Vol. 46, P- 1h 
(1946). 


Tensile Strength, psi 


: 
98 
Alloy,No. | Alloy No. 
| 113°. ¢ 114°, 4 
4 
| 
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Deflection, min., in........ 0.20 0.27 
; 
Graphite tt 
le 
We Matriz.. 
“on 
| 
= vor 


13 23 149 222 li90 [92 
2| 40 209 27% 


85 000 
80 000 
75000 FT 
70 000 F 
65000 
£60 
55 000 
250 000 
45 000F 
7 40 
35000 
30 000 
® 25000 
20 000 F- 
15 000 F: 00 
10 000 
9000 


80 96/111 131 | 156 | 187 | 229] 255 | 285 | 321 | 363 | 415 
8910312! 143 170 207 241 269 302 34) 388 


Brinell Hardness Numbers 
Fic. 1.—Approximate Brinell Hardness-Strength Relationship for Cast Iron. 


the committee, the results of which will Respectfully submitted on behalf of 
be reported at the Annual Meeting. the committee, 
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This report has been submitted to E R. YOuNG, 


letter ballot of the committee, which Chairman. — 
‘onsists of 126 members; 81 members 
returned their ballots, all of whom J. S ; VANICK, 
have voted affirmatively. Vice-Chairman. 


avorable: the results of the vote are on record at A.S.T.M. v 
Headquarters. Secretary. 


J EprrorrAL NOTE 


Subsequent to the Annual Meeting, Committee A-3 presented to the So-— 


recommendations: 


Revision of Tentative Specifications for: 


Foundry Pig Iron (A 43 - 45 T), and 
Gray Iron Castings for Pressure-Containing Parts for Temperatures up to 650 F. (A 278 - 44 T). 


These recommendations were accepted by the Standards Committee in 
December, 1949, and the revised tentative specifications appear in the 1949 — 
Book of A.S.T.M. Standards, Part 1. oe 
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_ Subcommittee XV has continued its 
study of the impact testing of cast iron, 
the last comprehensive report of which 
was made to Committee A-3 in 1933.' 
The subcommittee is now presenting the 
attached Proposed Methods of Impact 
Testing of Cast Iron which include the 
necessary procedure for adapting the 
standard Charpy and Izod type of test- 
ing to cast iron, following the general 
principles of the Tentative Methods of 
Impact Testing of Metallic Materials 
(E 23 -47 T).2 Also included is a method 
of repeated-blow impact testing which 
may be performed with either a vertically 
dropping tup or with a pendulum type 
machine. 

The work of the subcommittee has 
been concerned primarily with the 
adaptation of the pendulum type 
machine to the repeated-blow test which 
was first, it is believed, used by the 
French Ordnance Department and con- 
sists of dropping a given weight on a 
standard specimen from 
heights until the specimen fails, the 
height of the drop being reported as the 
point of failure. This, of course, takes out 
most of the plastic component in the 
transverse-bending test and is quite a 
different test from the ordinary swing 
through where the specimen is broken at 
one blow. The latter gives the total 
resilience, whereas the repeated-drop 
test gives the resilience after most of the 


1 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, 
pp. 87-129 (1933). 
_ 21947 Supplement to Book of A.S.T.M. Standards, 
Part I-A, p. 381. 


APPENDIX 


REPORT OF SUBCOMMITTEE XV ON IMPACT TESTING 


increasing | 


plastic deformation has been taken out of 
the specimen. 

To give an example of the difference, 
a Ni-Resist iron, for instance, will show 
extremely well in the single-blow test but 
it shows only a mediocre value in the 
repeated-blow. 

Figure 1 of the proposed methods 
shows a very simple machine.’ It was 
used by Army Ordnance during the first 
World War. It consists of a heavy base 
with two 2-in. steel rods; for the 1.20-in. 
bar, a 25-lb. hammer is used; for the 
#-in. bar, a 123-lb. hammer (made of 
aluminum so that the relative dimen- 
sions are preserved) and for the 2-in. bar, 
a 50-lb. hammer is used. The important 
thing is that the length of this hammer be 
so proportioned to the distance between 
the guides that there be no chatter. This 
figure also shows the details of the 25-lb. 
hammer. 

Figure 2 of the proposed methods 
shows the arrangement of supports of 
the type that was found best—these are 
of a very fine grade of steel to stand the 
pounding without either flattening out or 
chipping. The distance between supports 
is 4 in. for the {-in. bar; 6 in. for the 
1.20-in. bar, and 12 in. for the 2-in. bar. 

Figure 4 of the proposed methods is 4 
detail of a spring-holding device. The 
bar should be ground off on the top and 
on both sides on a grinding wheel so the 
plungers will hold it in place. A spring of@ 
certain number of coils and certain siz 

3 This is a slight modification of an apparatus describes 


in the report referred to in footnote 1, loc. cit., Fig. > 
p. 93. 
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On Impact TESTING 


wire holds the test specimen, pushes it 
lown on the supports and also holds it 
endwise. The important point in this 
test is to repeat the blow at exactly the 
same Spot. 

The accompanying Fig. 1 shows a 
pendulum type machine adapted for 
repeated-blow testing. The calculation is 
very simple. The height of the drop is, of 


This is a very simple little clip spring 
and it was found that some of the bars 
tended to rotate, so that this spring has 
been modified to make use of the shoulder 
device similar to the one shown for the 
drop test. 

Comparative data for the vertical and 
the pendulum type of test are shown in 
Table I; and the accompanying Fig. 2 


Fic. 1.—Charpy Machine Adapted for Impact Testing of Cast Iron. 


‘course, the vertical intercept of the arc. 
The velocity is not essentially different 
from that of the vertically dropping tup 
since the velocity in both cases is depend- 
tit upon the square root of the height. 
It is an easy matter to run the peg up 
and to keep striking the specimen which 
held by a spring, shown in Fig. 3 of the 
proposed method. 


shows some of the broken specimens. The 
pendulum-broken specimens show a little 
cleaner pattern, that is, less shifting than 
with the vertical machine. Incidentally, 
with the vertical drop, it is very easy to 


hold the specimen in a gloved hand, a | 
technique something like catching a 


baseball. No bodily injury has been ex- 
perienced from the breaking specimen. 
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1G. 2.—Specimens Broken in Vertical and in Pendulum Type Machines. 


TABLE I.—RESULTS OF COMPARATIVE 
IMPACT TESTS. 


Repeated | Repeated 
Vertical Test Pendulum Test 
Test Bar | 

Diam- | Height,| Diam- | Height, 
eter, in.| in. jeter,in.| in. 


| 
123 | 
1 
1 


1. 
1. 
1. 


“ Flaw in bar. 

» Machined to 1% in. diameter. 

© Sand in bar. 

Note.—A test on three pairs of nodular graphite bars 

_ showed an/ average of 34.0 in. for the pendulum and 34.5 
in. for the drop. 


Figure 5 of the proposed methods 
shows the details of the holders for the 
Izod test, which have been borrowed 


from the British Cast Iron Research 
Association. The feature, of course, is 
that these grips are set so that the speci- | 
men, in breaking, swings clear and does 
not bind in the grips. 

The accompanying Fig. 3 shows some 
data furnished by the Cooper-Bessemer 
Corp. The impact values of the Iz 
test are plotted against the cube of the 
tensile strength divided by the square 0! 
the hardness which in the report pre 
sented in 1946‘ was found to be the bes! 
criterion of the impact value. There is on¢ 
bar (marked X) that is badly out 0 
place, but the accompanying Fig. 4 shows 
that this had a very peculiar structure 
because the tensile strength plotted 


4J. T. MacKenzie, “The Brinell Hardness of 67 
Cast Iron and Its Relation to Some Other Prope if 
“wee” Am. Soc. Testing Mats., Vol. 46, p. 
(1946). 
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Fic. 4.—Data for Brinell Hardness - Tensile Strength Tests on Cast Iron. 
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against the hardness is out of line with 
the other specimens. 

The third test is the Charpy test which 
uses a cylindrical specimen ground or 
- machined down to 1§ in. starting from a 
1.20-in. bar unless otherwise stated. 
Comparative tests (and this is the test 
that has long been used by the Cater- 
pillar Tractor Co.) on some irons that 


are sensitive to chilling, gave values fo 
the machined bar as high as for the fy). 
size as cast bar. However, on other cay 
irons the difference is what might | 
expected from the relative areas. 


Respectfully submitted on behalf ¢ 
the subcommittee, 
J. T. MacKenzt, 
Chairman 


PRE 


— 


PROPOSED METHODS OF IMPACT TESTING OF CAST TRON! 


These are proposed methods and are published as information only. 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


Scope 
1. These methods of impact testing 
wver the details of apparatus, test speci- 
mens, and procedure for gray cast iron 
ind include three types of test as fol- 
NS: 
Method A. Repeated-Blow 
lest 
Method B. Izod Type Impact Test 
Method C. Charpy Type Impact Test 


Impact 


Metuop A. REPEATED-BLOW 


Impact TEST | 
Scope 


2. This method covers the procedure 
lor testing cast iron by the dropping of 
2hammer from increasing heights until 
the specimen fails. 


Note.—The test is useful in comparing the 
lative toughness of cast iron under repeated 
mpact. This test, as compared to the single 
ilow tests of the Charpy and Izod types, which 
measure the total energy absorbed, measures 
u¢ energy required to break the specimen afler 
wst of the plastic deformation has occurred. 


Apparatus 


3. (a) The test may be performed 
sing a vertically dropping tup or with 
‘pendulum type machine. 

(6) A suitable apparatus, using a ver- 
ically dropping tup, is shown in Fig. 1, 
‘ogether with the hammer. Suitable sup- 
yorts for the test specimens are shown 


‘These proposed methods are under the jurisdiction of 


ue AS.T.M, ommittee A-3 on Cast Iron. Published as 
“ormation, October, 1949. 


in Fig. 2. The weight of the hammer 
will vary in accordance with the diameter 
of the bar being tested as indicated in 
Section 5(b). It is important that the 
ratio of length of hammer to distance 
between guides be sufficient to prevent 
chatter in falling. 

(c) The ordinary pendulum type 
Charpy machine may be used by clamp- 
ing the specimen, as shown in Fig. 3, 
and releasing the pendulum from suc- 
cessive positions which give the equiva- 
lent inch pounds of energy corresponding 
to that of the falling hammer used for 
the apparatus with the vertically drop- 
ping tup. 


Test Specimens 


4. The test specimens shall have a 
plain cylindrical form and shall conform 
to the following dimensions: 


Diameter, Length, 


Bar 

Note.—These test specimens may be cut 

from the transverse or flexure test bars shown in 
Fig. 1 of the Standard Specifications for Gray 
Iron Castings (A.S.T.M. Designation: A 48).? 


Procedure 

5. (a) The bar shall be held by a 
suitable clamping arrangement so that 
successive blows always strike the same 
spot, but not rigid enough to affect the 
test. A suitable clamping device is shown 


2 1949 Book of A.S.T.M. Standards, Part 1. 
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in Fig. 4 (Note), or the bar may be held 
by the fingers. 

Note.—When using this type of clamping 
device, the bar should be ground off on top and 
on both sides so the plungers will hold it in 
place. 

(b) The test span for the three types 
of bars and the weight of the hammer 


used shall be as follows: 
Weight of 


Frist Drop 


15% 


METHODS OF Impact TESTING OF Cast IRON 7 


veloped to determine the shock resist. 
ance of gray cast iron. It is not suitabk 
for testing austenitic or malleable cas, 
irons. 


Note.—The single-blow impact test o 
notched bar test specimens described in th 
Tentative Methods of Impact Testing of Metallic 
Materials (A.S.T.M. Designation: E 23)? h 
been found unsatisfactory for cast iron. For ca 
iron, the best consistency associated with 
satisfactory range of results is obtained with 
plain, machined, and unnotched test bar 0.7% 
in. in diameter (0.5 sq. in. in area). 


2° Diam | | S 

ve 


Fic. 1.—Repeated-Blow Impact Test Machine. 


(c) The hammer shall be dropped first 
from a height of 2 in., next from 3 in., 
and so on by 1-in. increments until frac- 
ture occurs, the height of the last drop 
being recorded as the result of the test. 


Corrections for Dimensions 


6. Corrections for small deviations 
from standard diameter may be made on 
the basis of the relative areas of the 
cross-section of the bar tested and of the 
standard bar. Such corrections are of 
doubtful validity and bars should not be 
used which vary more than 5 per cent 
in area from the standard. 


Metuop B. Izop Type Impacr TEst 
Scope 
This method of test has 


Nomenclature 


8. This test shall be known as th 
Izod Test for Cast Iron, and the result 
shall be quoted as 
Cast Iron Izod Impact. 


Apparatus 

9. The single-blow Izod test for @ 
iron shall be carried out in a 110 or!2 
ft-lb. pendulum type impact machi 
with a striking height of 22 mm. as u¥ 
in the cantilever beam test for sté 
described in the Tentative Methods| 
Impact Testing of Metallic Mater 
(A.S.T.M. Designation: E 23).? Modi 
cations of the grips to accommodate te 
a size of test piece are shown 3 
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Test Specimens Procedure 


10. The test specimens | shall have a 11. In all other respects, except as 
sain cylindrical form machined to a described above, the test shall conform 
‘nooth finish, and shall conform to the to the appropriate requirements of the 
following dimensions: Tentative Methods of Impact Testing 


0,798 0.002 of Metallic Materials (A.S.T.M. Desig- 
Length, in... 3 (see Note) nation: E 23).? 


H 


4" Supports 


6"and 12” Supports 


H, in. 
0.38 


0.63 
0.75 


Nore.—Supports to be made from S.A.E. 4815 steel, carburized and hardened. 
Fic. 2.—Test Specimen Supports for Repeated-Blow Impact Test. 


6" Spon 


Test Bar 


Strap | 
Pendulum 


Fic. 3.--Clamp to Adapt Charpy Impact Machine for Repeated-Blow Impact Test. 


Nore.—Some machines are designed to MertTHop C. Cuarpy Type Impact TEst 
«commodate a longer bar passing through the §eope 


tase into the foundations. Where such facilities 
frist the alternative procedure of carrying out 
consecutive tests on a longer bar is permissible, 
provided that the height of the test piece above 
the rear grip is maintained at 1} in. and the - me 
fracture at the top of the bar is reasonably level, ote.—The single-blow impact test the 
and f notched bar test specimens described in the 
urther that the total length of the test 


hig Tentative Methods of Impact Testing of Metal- 
ecimen is at no time less than 3 in. lic Materials (A.S.T.M. Designation: E 23)? has 


determine the shock resistance of gray 
cast iron. It is not suitable for testing 


12. This test has been developed to 3 
malleable cast irons. 
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found unsatisfactory for cast iron. For cast 

». the best consistency associated with a 
factory range of results is obtained with a 
, machined, and unnotched test bar 1.125 in. 
ameter (1.0 sq. in. in area). 


Height 


Gage 


0.798"Diam. 
Lil Test Piece 


4 
Edge 


22mm. 
Striking Height 


Rear Grit Front Grip 


Nore.—Dimensions A, B, H, r, angles and ¢, and 

th of grips shall be determined for each machine. The 

s shall be bored so that the test specimen isin line with 

center of the knife edge of the pendulum. 

6. 5.—Modified Grips for Izod Type Impact 
Test. 


Nomenclature 


13. The test shall be known as the 
iarpy Impact Test for Cast Iron, and 
eresults shall be quoted as 

st Iron Charpy Impact. 


Apparatus 

14. The single-blow impact test for 
cast iron shall be carried out in a 110 
or 120 ft-lb. pendulum type impact 
machine as used for the simple beam 
test for steel described in the Tentative 
Methods of Impact Testing of Metallic 
Materials (A.S.T.M. Designation: E 
23).? 


Test Specimens 


15. The test specimens shall have a 
plain cylindrical form, machined or 
ground to a smooth finish, and shall 
conform to the following dimensions: 


Procedure 


16. The bars shall be tested on a 6-in. 
span. In all other respects the test shall 
conform to the appropriate requirements 
of the Tentative Methods of Impact 
Testing of Metallic Materials (A.S.T.M. 
Designation: E 23).? 
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REPORT OF COMMITTEE A-5 


ON 


CORROSION OF IRON AND STEEL* _ 


Committee A-5 on Corrosion of Iron 
and Steel held two meetings during the 
past year: on June 23, 1948, in Detroit, 
Mich., during the Annual Meeting of the 
Society, and on February 28, 1949, in 
Chicago, Ill., during the Spring Group 
Committee Meetings. 

Since the last report, the additions to 
the membership and the resignations and 
deaths were equal. ‘The total member- 
ship of the committee is now 130, of 
whom 58 are classified as producers, 42 
as consumers, and 30 as general interest 
members. 


ADOPTION OF ‘TENTATIVES 
AS STANDARD 

The committee recommends that the 
Tentative Method of Test for Weight 
and Composition of Coating on Long 
Terne Sheets by the Triple Spot Test 
(A 309 - 47 T)' be approved for reference 
to letter ballot of the Society for adop- 
tion as standard without revision. 

The committee also recommends that 
the Tentative Specifications for Zinc 
Coating (Hot Dip) on Iron and Steel 
Hardware (A 153 -47 T)' be approved 
for reference to letter ballot of the 
Society for adoption as standard with 
the following revisions: 

Section 8.—Change to read as follows: 

8. Necessary precautions properly to fabricate 
and prepare the material for galvanizing to pre- 
vent embrittlement are described in the Recom- 
mended Practice for Safeguarding Against Em- 
brittlement of Hot Galvanized Structural Steel 


* Presented at the Fifty-second Annual Meeting of the 
Society, June 27-July 1, 1949. 

11947 Supplement to Book of A.S.T.M. Standards, 
Part I-A. 


Products and Procedure for Detecting Embr 
tlement (A.S.T.M. Designation: A 143). Mat 
rial found to be embrittled shall be rejected. 


Section 10.—Add the following se 
tence to the end of this section 
“Threads in nuts may be tapped afte 
galvanizing.” 

The change in Section 8 will mak 
this paragraph agree with the “embritt! 
ment clause” in other A.S.T.M. Speci 
cations so that the wording may be ca 
sidered standard. Section 10, as no 
written, does not make it clear that iti 
permissible to tap nuts after galvanizing 
The addition of the proposed sentence 
will clarify this point. 


REAFFIRMATION OF STANDARDS 


The committee recommends the 1 
affirmation of the following six standard 
without change because they are still | 
conformity with present-day manula 
turing practices. 


Standard Specifications for: 


Zinc-Coated (Galvanized) Iron or Steel Tel 
phone and Telegraph Line Wire (A 111-4 

Zinc-Coated (Galvanized) Iron or Steel Tk 
Wires (A 112 - 33), 

Zinc-Coated Iron or Steel Chain-Link Fen 
Fabric Galvanized After Weaving (A 1! 
33), | 

Zinc-Coated Steel Wire Strand (“Galvanize 
and Class A (“Extra Galvanized”)) (A12 
41), and 

Zinc-Coated Steel Wire Strand (Class B # 
Class C Coatings) (A 218 — 41). 


Standard Method of Test for: 


Weight of Coating on Zinc-Coated (Galvania 
Iron or Steel Articles (A 90 - 39). 


21946 Book of A.S.T.M. Standards, Part I-A 
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TENTATIVES CONTINUED 
WitTHouT REVISION 


[he committee recommends the con- 
ance of the following tentatives 
out change: 
Tentative Methods of Test for Local Thickness 
lectrodeposited Coatings (A 219 45 T)?2— 
e methods are under the joint jurisdiction 
‘ommittee A-5 and Committee B-8 on 
trodeposited Metallic Coatings which both 
nmend that these methods remain tenta- 
Committee B-8 has investigations under 
pertaining to these methods and it is 
ved desirable to retain the tentative status 
the investigations have been completed. 
Tentative Specifications for Lead-Alloy Coating 
ot-Dip) on Iron or Steel Hardware (A 267 - 
4T)2—It is anticipated that a lead coating 
a much higher tin content will soon be 
sed for incorporation in the specifications. 
tis desirable to make this change before the 
ifications are advanced to standard. 
Tentative Specifications for Long-Terne Iron 
tel Sheets (A 308 — 47 T).'—These specifica- 
swill probably be amended in the near future 
toinclude sheets coated in coils. 


fhe recommendations appearing in 
s report have been submitted to 
ter ballot of the committee, the results 


which w.ll be reported at the Annual 
leeting.* 

ACTIVITIES OF SUBCOMMITTEES 
\ubcommitlee VII on Methods of Test- 
(W. E. Buck, chairman) is studying 
:method of determining the weight of 
¢ coatings, using 1:1 hydrochloric 
d instead of concentrated acid as in 
: present hydrochloric acid-antimony 
oride method of Standard Methods 
Test for Weight of Coating on Zinc- 
ated (Galvanized) Iron or Steel Ar- 
es (A 90-39). The results thus far 


ve been very encouraging, and it is 
ped an alternate method for deter- 
ting the weight of coating can soon 


recommended. ‘The subcommittee 
also investigating an alternate to the 
esent concentrated sulfuric acid method 
‘determining the weight of coating 
‘The letter ballot \ ote on these recommendations was 


rable; the results of the vote are on record at A.S.T.M. 


on terne plate and tin plate as given in 
Tentative Method A 309. The method 
under investigation will remove the 
hazard to the analyst which exists 
because of the use of concentrated 
sulfuric acid. This subcommittee will 
develop, if possible, field conformance 
tests as alternates for lengthy, time- 
consuming, laboratory tests. This sub- 
committee also recommended the change 
in the “end point” definition in Standard 
Method A239 given earlier in this 
report. 

Subcommittee XI on Sheet Specifica- 
lions (E. F. Lundeen, chairman) has 
under consideration increasing the scope 
of Tentative Specifications for Zinc- 
Coated (Galvanized) Iron or Steel Sheets 
(A 93 -48 T) and the Tentative Specifi- 
cations for Long-Terne Sheets (A 308 - 
47 T) to include sheets coated in coils. 

Subcommittee XII on Wire Specifica- 
tions (P. C. Chisler, chairman) is working 
on revisions of Standard Specifications 
for Zinc-Coated (Galvanized) Iron or 
Steel Telephone and Telegraph Line 
Wire (A 111-43), Zinc-Coated (Gal- 
vanized) Iron or Steel Tie Wires (A 112 - 
33), Zinc-Coated, (Galvanized) Iron or 
Steel Farm-Field and Railroad Right- 
of-Way Wire Fencing (A 116 - 48), and 
Zinc-Coated (Galvanized) Iron or Steel 
Barbed Wire (A 121 - 48). 

The change in Specifications A 111 
will consist mainly in revising the tables. 
Specifications A 112 are being reviewed 
and will be brought up to date. In so 
far as Specifications A 116 are concerned, 
it is intended to write product specifica- 
tions, that is, to split it into two specifi- 
cations, one for farm-field fence and the 
other for railroad right-of-way fence. 
It has not yet been decided whether 
each of the two resulting product 
specifications, for farm-field fence and 
railroad right-of-way fence plus Specifi- 
cations A121 for barbed wire should 
each be split further into a specification 
with the readily available commercial 
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weights of coating and a specification 
with heavy coatings. 

Consideration is being given to adopt- 
ing a uniform definition of the word 
“strand” in the various specifications 
which are under the jurisdiction of this 
committee. 

Subcommittee XIII on Hardware Speci- 
fications (B. J. Barmack, chairman) 
recommended the rewording of Sections 
8 and 10 of Specifications A 153, referred 
to earlier in this report and their adop- 
tion as standard. Specifications A 153 
will be studied as to the need for in- 
cluding low-alloy steel base material 
galvanized after fabrication. 

Subcommittee XIV on Sheet Tests 
(E. S. Taylerson, chairman) continued 
its field inspections of sheets in ac- 
cordance with the regular schedule. 
No report has been made this year be- 
cause the additional failures have been 
so few in number. 

Subcommittee XV on Wire Tests (A. 
P. Jahn, chairman).—The report of this 
subcommittee is appended hereto under 
the title “Subcommittee XV on Field 
Tests of Wire and Wire Products.” 

Subcommittee XVI on Hardware Tests. 
—Mr. L. J. Waldron found it necessary 
to submit his resignation as chairman 
of this subcommittee. Mr. Waldron’s 
resignation was accepted with regret 
and with the appreciation of Committee 
A-5 for the work he has done as chair- 
man. Consideration has been given 
recently to extending the hardware tests. 
No conclusions have been arrived at as 
to the need for the tests so that the 
matter is being held in abeyance. 


RESEARCH ACTIVITIES 


The research activities of Committee 
A-5 are conducted by Subcommittees 
VII, XIII, XIV, XV, and XVI with 
the Advisory Subcommittee functioning 
to coordinate the work. As mentioned 
earlier in this report, Subcommittee 
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VII is studying a method of determinip; 
the weight of zinc coatings in which; 


1:1 hydrochloric acid is used inste, 
of concentrated acid. This subcom. 
mittee is also investigating an alternat, 
for the present concentrated sulfyri: 


acid method of determining the weight 
of coating on terne plate and tin plat. 
It plans to undertake to develop fic) 


conformance tests as alternates {,, 


lengthy, time-consuming 
tests. Subcommittee XIII 


laborator 


has bee 


gathering data on weights of coating 
for steel hardware; it is also gathering 
data on weights of coatings for malleabj 
castings and is investigating the use ¢ 
base materials for hardware, such « 
Subcom: 
mittee XIII is investigating the varis- 
tions in weights of coatings on steel hard- 
ware and malleable castings caused by 
different galvanized processes and thi 
shapes and sizes of the articles. It i 


low-alloy high-strength steel. 


also investigating the use of various bas 


materials for hardware such as low-alloy. 
The work of Sub- 
committee XIII and the resulting speci- 
fications are based on research, investige: 
tions, and data compiled by its variow 
members for the benefit of the whol 


high-strength steel. 


committee. 


Subcommittees XIV, XV, and XVI 
have no new research programs unde 


way but are continuing to appraise th 


efficiency of various types and weigh! 


of protective coatings on sheets, wir 
and hardware. 


This report has been submitted 


letter ballot of the committee, whic 


consists of 130 members; 70 member 
returned their ballots, of whom 42 ha 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf 
the committee, 
T. R. GALLoway, 
Chairms 
H. F. Hormann, 


Secretary. 
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(Covers 1948 INSPECTIONS) 


This report summarizes the results of 

the atmospheric corrosion tests on wire 
and wire products through 1948. De- 
tailed results are reported in the odd- 
numbered years, and reference to these 
arlier reports of Committee A-5 on 
Corrosion of Iron and Steel, which ap- 
peared in the Society’s Proceedings for 
1939, 1941, 1943, 1945, and 1947, will 
be helpful in studies of these exposure 
test results. These earlier reports con- 
tain descriptions of the test methods and 
micrographs and other characterizations 
if specimens in the test as well as the 
lata assembled during previous inspec- 
tons. 

The materials under test are mostly 
tare steel and zinc-coated wires and wire 
products but copper-covered and lead- 

ated steel wires and chromium and 

romium-nickel steel wires are also in- 
uded. The coatings are expressed in 
eight in terms of ounces per square foot 
if surface. For ready comparisons of 
ating thickness, 1 oz. per sq. ft. of 
face may be considered as averaging 

017 in. thick for zinc coatings, 0.0010 

. thick for lead! coatings and 0.0013 
.thick for copper coatings. Specimens 
iwires and wire products have been 
tposed for about twelve years at eleven 
cations. These locations have severely 
dustrial, industrial, rural, or seacoast 
‘imospheres. The location of these 
les and their general classification re- 
arding atmospheres are as follows: 


'The lead-coated wires in these tests were lead coated 
Net a beading coat of zinc. See Proceedings, Am. Soc 


‘sting Mats,, Vol. 43, p. 87 (1943). 


REPORT OF SUBCOMMITTEE XV ON FIELD TESTS OF WIRE AND 
WIRE PRODUCTS 


. General Type | 
Test Location of Atmosphere Remarks 
Pittsburgh, Pa....... Severe in- On Island 
dustrial | in the Ohio River 
about 2 miles 
, west of the city. 
Bridgeport, Conn....| Industrial | In the city. 
Sandy Hook, N. J...| Seacoast About 300 yd. from 
‘ Atlantic Ocean. 
Santa Cruz, Calif....} Seacoast About 3 miles from 
Pacific Ocean. 
State College, Pa....| Rural Central Pennsylva- 
nia. 
Lafayette, Ind.......| Rural River Vale 
| ey. 
Ames, Iowa......... Rural Central Iowa. 
Manhattan, Kans....| Rural a River Val- 
ey. 
Ithaca, N. Y.. | Rural Central New York. 
College Station, ‘Tex. Rural — 120 miles in- 
anda, 
Davis, Calif....... | Rural About 80 miles in- 
land. 


At each location, more than 900 speci- 
mens were exposed. These included 
short lengths of wire (42 in. long) and 
wire strand at all locations; farm field 
fence at nine sites; barbed wire at eight 
locations; and chain link fence at eight 
locations. 

The extent of corrosion is being meas- 
ured by visual examination of all speci- 
mens at the test site and by tension tests 
on the unfabricated wire specimens. 
Loss of weight tests on lengths of zinc- 
coated wire were completed earlier in 
this corrosion study and the results were 
reported in the above-mentioned Pro- 
ceedings. During 1947 and 1948 the 
Pittsburgh specimens were inspected in 
the spring; and Bridgeport, Sandy Hook, 
and State College specimens were in- 
spected in the spring and fall of each year 
by a traveling committee. Inspections 


were made in the fall of 1947 and fall 
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TABLE A.—CORROSION CONDITIONS OF ZINC-COATED UNFABRICATED WIRES AFTER 
APPROXIMATELY 12 YEARS’ EXPOSURE 

R= rust; ¥ = yellowed; G = gray; M = metallic; MG and GY = intermediate states; D = dark to exclusion of 

better observation; SR and SY = superficial R and ¥; R+Y = indistinguishable proportions of R and Y; Gn = green: 

Br = brown; PHR and PHY = rust or yellowed in pin holes. 


Coating Group, oz. per so. ft. of surface 


Location 0. 70 0.80 | 1.20 
to to 
1.00 | 1.35 


Pittsburgh, Pa 

Sandy Hook, N. J. 

Bridgeport, Conn. 

State College, Pa. 

Lafayette, Ind... 
P 
Manhattan, Kans 

Ithaca, N. 

Santa C ruz, alif.. 
Davis, C alif. 


TABLE B.—CORROSION CONDITIONS OF UNFABRICATED WIRES CARRYING COATINGS 
OTHER THAN ZINC AFTER APPROXIMATELY 12 YEARS’ EXPOSURE. 
R = rust; ¥ = yellowed; G = gray; M = metallic; MG and GY = intermediate states; D = dark to exclusion of 
better observation; SR and SY = superficial R and Y; R+Y = indistinguishable proportions of R and Y; Gn = green 
Br = brown; P HR and PHY = rust or yellowed in pin holes. 


Coating Groups and Corrosion Resistant Groups 


| 
Lead-Coated | 12-14% Chrom- 12-14% | 18% Chromium 
W Wires? ium Cold Drawn 4; 


Chromium 
ir Quenched 


8% Nickel 


Pittsburgh, Pa... 

Sandy Hook, N. J.. 
Bridgeport, Conn 
State College, Pa 

afayette, Ind 


Ames, Iowa. 


Ithaca. 

Santa Cruz, Calif. 

Davis, Calif. ... 


@ Weight of coating, 7 to 9 oz. per sq. ft. of surface. 
6 Weight of coating, 1.4 to 1.9 oz. per sa. ft. of surface. 


TABLE C.—CORROSION CONDITIONS OF a Aid FENCE AFTER APPROXIMATELY 12 YEARS’ 


R = rust; Y = yellowed; R+Y = indistinguishable pro es 4 R and Y; G = gray; M = metallic; MG and GY = 
intermediate state; PHR, PHY = pin hole rusting or yellowing; SR, SY = superficial rust or yellowing; Gn = greed; 
Br = brown. 


| Coating Group, oz. zinc per sq. {t. of surface | 
Copper-| Lead-, | 
Location 0.20 | 0. 0.35 | 0.45 , 0.50 | 0.60 | 0.70 Covered*| Coated? | 
to to to to or 
od 0.45 0.60 0.70 more 


~ College, Pa 100R 
Lafayette, Ind. 100R 
Ames, lowa 50R 

Manhattan, Kans.. GY 

Ithaca, N. Y. 90R 

5 GY 

College Sta., Tex...... § 10R 
Davis, Calif. G 


@ Weight of coatings, 3.97 oz. per sq. ft. of surface. 
> Weight of coating, 1.83 oz. per sq. {t. of surface. 


R 
intern 
to or 
1.85 more 
R R 100R  100R | 100R | 100R 100R 
1001 100R 100R 100R 100R 100R  100R 100R | SR G State 
100R 100K 100R 100R 100R 100R | 100R | 100R | 97R | 10R | Gy lafay 
100R 100R 100R = 100R 75R 60R 35R 5R GY G G Ames, 
100R 100R 100R  100R 90R 75R 50R GY G G 
100R 95R 95R  15R 5R 2R IR G G G| G Ithac: 
35R  35R 5R 2R G G G MG! MG: MG Santa 
100R 100R 100R 99R 99R GOR 35R 3R | GY | MG| MG Colleg 
GY GY G G G MG | MG Davis 
55R  40R 3R 3R IR 2R 1R 1R G Gi 
10R 5R G G G G G 2 eee MG | MG ay 
- by 
TAI 
intern 
= bro 
D D D D 
R+Y YSR YSR GY 
Gn | GY GY MG Bride 
Gn 100R+Y MG MG M 
Gn 80PHR M M M Lafay. 
Br 25R SY SY SY Ithacs 
Br 5R MG MG M Santa 
B 5R SY SY M Davis 
Br 30SR 65SR 25SR MG 
Br 20R+Y 99R+Y 80R+Y M a 
B 35SR 45SR 20SR MG b 
cy 
= inte 
ni 
a Pittsh 
100R 60OR 40R 2R Gn 100R+Y¥ | Me Sandy 
100R 5R Gn SOPHR Bridg 
10K 10R G G Br 25R | SY State 
GY G MG Br 10R Lafay 
SOR 25R | Gn 10R | Ames, 
GY G G MG Br 40SR My Manh 
SR| 2R | 2R G Br 10R Ithacs 
G| G G MG Br 50SR Sante 
—— Colleg 


\ 


TABLE D.—CORROSION CONDITIONS OF BARBED WIRE AFTER APPROXIMATELY 12 YEARS’ 
EXPOSURE. 


R = rust; Y = yellowed; R+Y = indistinguishable proportions of R and Y; G = gray; M = metallic; MG and GY = 
intermediate state; PHR, PHY = pin hole rusting or yellowing; SR, SY = superficial rust or yellowing; Gn = green; 
Br = brown. 


Coating Group, oz. zinc per sq. ft. of surface 


0.35 0.50 | 0.70 0.80 1.60 2.00 | Covered* 
to to | to to | to or | 
0.45 00 | more | 


Location 


State College, Pa............... G G 
Ames, Iowa G G 
Manhattan, Kans................ GY I | ; MG 


Ithaca, N. Y. 
Santa 
ollege Sta., Tex 
Davis, Calif 


TABLE E.—CORROSION CONDITIONS OF CHAIN LINK FENCE AFTER APPROXIMATELY 12 YEARS’ 
EXPOSURE. 


R = rust; Y = yellowed; R+Y = indistinguishable proportions of R and Y; G = gray; M = metallic; MG and GY= 
ntermediate state; PHR, PHY = pin hole rusting or yellowing; SR, SY = superficial rust or yellowing; Gn = green; Br 
= brown; D = dark (dirt or soot) to the exclusion of a better observation. 


‘ | 
Coating Group, oz. zinc per sq. ft. of surface 


—— | _ Copper Lead-, | Corrosion 

1.13 2.09 | 1.40 | 4.21 | Covered*| Coated? | Resistant 
to to | 

1.224 | 2.929 more? 


Location 


ttsburgh, Pa 
n 
State Colle; e, Pa R Gn 
lafayette, nd ; | 
a } r 
Br 
Br 
* Coated before weaving. 
Coated after weaving. 
‘Weight of coating, 8.52 oz. per sq. ft. of surface. 
Weight of coating, 1.75 oz. per sq. ft. of surface. 


TABLE F.—CORROSION CONDITIONS OF pt A AFTER APPROXIMATELY 12 YEARS’ 
R=rust; ¥ = yellowed; R+Y = indistinguishable proportions of R and Y; G = gray; M = metallic; MG and GY 
= intermediate state; PHR, PHY = pin hole rusting or yellowing; SR, SY = superficial rust or yellowing; Gn = green; 
Br = brown; D = dark (dirt or soot) to the exclusion of a better observation. 


Coating Group, oz. zinc per sq. ft. of surface 


Location Lead-Coated@ 


| 
| 
| 100R+Y 


* Weight of coating, 1.96 oz. per sq. ft. of surface. 
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Lead- 
Gn 
Br 10R 
Br 5R 
SOK IK G M Gn 10R 
GF | GF | GY | | G G | MG Br 25SR 
5R 2R G G Gi Br 3R if 
G G MG MG MG MG Br 25SR te - 
* Weight of coating, 3.97 oz. per sq. ft. of surface. 
> Weight of coating, 1.83 oz. per sq. ft. of surface. a BAY 
it 
| 
t 
¥ | MG 
100R+Y M 
50PHR M 
sR | M 
25SR | MG 
35SR | MG 
} 
4 
» 
1 to to to t yo 
0.93 1.17 1.51 2. 
Pa.. 100R 100R 100R 80R 
25R 5R 2¥ G 
Comm... 35R 5R GY GY 5R 
State Allee, G | G G G ISR+V 
G G | G G 35PHR 
G G G G | 25R 
enn MG MG MG | MG 20PHY aa 
| G G G | Msi 10R ape 
a Santa Cruz, Calif. G G G MG | 55SR ir oe 
fillege Sta G G G G 5R 
‘avis, Calif G MG MG MG 55SR 
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BRIDGEPORT (—) AND SANDY HOOK (---) GROUPS, OZ. PER SQ. FT. OF SURFACE 
028 030 038 047 056 063 O75 0 
/ 


CENTAGE OF AREA 
TH RUST 


o 


6055 60 65 70 75 80 65 90 95 100 105 NO WS 129 
EXPOSURE TIME, YR. 


COVERED W! 


PER 


LAFAYETTE (—) AND STATE COLLEGE (---) GROUPS, OZ. PER SQ. FT. OF SURFACE 
028 030 038 047 056 047 


@ 


ENTAGE OF AREA 


COVERED WITH RUST 


PER 


80 65 90 95 100 105 NO NS 120 
EXPOSURE TIME, YR 


ITHACA (—) AND AMES (---) GROUPS, OZ PER SQ. FT. OF SURFACE 


028 030 028 038 030 047 056 038 


NTAGE OF AREA 


ce 


COVERED WITH RUST 
> 
° 


PER 


| | 
6 "75. 80 85 00 105 NO NS 120 
EXPOSURE TIME, YR 
Fig. 1.—Progressive Development of Rust on Zinc-Coated Unfabricated Wire. Coating-Weight 
Groups in which all the samples are rusted. 
Exposure time is the average time for samples of any group to rust to the extent indicated. 


of 1948 at the other test sites by the Tension test specimens were removed 

"university representative in charge of the from all test sites during the 1947 and 

test plots, namely: 1948 period and tension tests were maée 
I. D. Mayer Lafayette, Ind. on these selected specimens. 

Henry Giese Ames, Iowa Findings from Visual Examination fo 
F.C. Fenton Manhattan, Kans. Corrosion at the Test Plots: 

B.A, Jennings Ithaca, N. Y. At the time of inspection, records att 

H. P. Smith CollegeStation,Tex. made of the appearance of each spec 

L. W. Neubauer Davis and Santa men. Prior to the time of rusting th 

Cruz, Calif. specimens are noted as appearing “mt 
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ullic,” “gray,” “yellow,” etc. After 
asting has begun, estimates are made 
‘the percentage of area rusted on each 
secimen. 
‘The condensed dnd summarized in- 
section records of corrosion through 
48 are shown in Tables A and B for 
fabricated wire specimens, Table C 
farm field fence, Table D for barbed 
re. Table E for chain link fence, and 
lable F for wire strand. 
In Fig. 1 is shown the progressive de- 
lopment of rust on zinc-coated, un- 
ricated wire specimens for all groups 
h have become 100 per cent rusted 
{for all groups of wire, which while 
t 100 per cent rusted, show some rust 
each specimen of the group. In this 
»,1 are included groups from Sandy 
k, Bridgeport, Lafayette, State Col- 
ze, Ithaca, and Ames sites. The data 
om all groups at the Pittsburgh site 
re reported in 1947.2 Specimens at 
r locations have not yet rusted to 
extent that the development of rust 
abe shown graphically for these sites. 
The detailed inspection records col- 
ted in 1947 and 1948 are presented at 
end of this report in Table I for un- 
ricated wire, Table II for barbed wire, 
le III for farm field fence, Table IV 
chain link fence, and Table V for 
estrand. ‘These tables are similar in 
n to the tables in previous reports. 
lailed records for the Pittsburgh, Pa., 
are not included in the tables be- 
ise, in general, everything exposed at 
isburgh has already been reported as 
/per cent rusted, or is so covered with 


t that a good observation is not pos- 
le. 


The corrosion performance of any in- 
‘idual specimen of barbed wire or of 
m field fence listed in Tables II and 
may be directly compared with the 
‘lormance of specific unfabricated wire 


Report of Wire Inspection Committee on Field Tests 
‘ie and Wire Products, Proceedings, Am. Soc. Testing 
s, Vol. 47, p. 120 (1947). 
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specimens listed in Table I. The Refer- 
ence Information Table in this respect 
shows the lot numbers of wires used in 


fabricating all farm field fence and barbed 
wire samples. 


Findings from Specimens Removed for 

Tension Tests: 

Tension tests are made on the un- 
fabricated wire specimens which were 
exposed in groups of seven comparison 
samples taken from the same lot of wire 
and supposedly alike. An attempt is 
made to remove and test the first speci- 


TABLE G.—NUMBER OF TENSILE STRENGTH 


SPECIMENS REMOVED FOR TEST. 


Number of Wires Re- Wi 


ir 
moved in 1947 and 1948 — | Total 
Exposure ve 
ite | Lead | Prior 
Bare Coat. | Coat. Other) to | pate 
Steel ed on Types 1947 
Pittsburgh, 
0 | 599 | 658 
Sandy Hook, | | 
o | 310 | 362 
Bridgeport, | 
oo 7 43 0 0 257 307 
State Col- 
lege, Pa.... 0 13 0 0 105 | 118 
Il Other 
sets 133 0 0 0 282 | 415 
Total 152 151 4 0 | 1553 | 1860 


men of each group when it has lost 5 
to 10 per cent of its strength, and the 
seventh specimen when it has lost some 
75 per cent of its strength. There were 
originally about 840 tension test speci- 
mens exposed at each site. The number 
of tension test specimens removed to 
date is shown in Table G. ‘The results 
of tensile strength and elongation tests on 
the 1553 wires removed prior to 1947 have 
been published in previous reports. 
The results of tests on 307 specimens 
removed in 1947 and 1948 are shown in 
Table VI at the end of this report. 

The lead-coated wires removed from 
the Pittsburgh site during 1947 were 
the first lead-coated wires to show a loss 
of tensile strength. Previous tests, made 
after 13, 33, and 63 yr. of exposure had 
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shown no significant decrease in tensile 
strength of these lead-coated wires. 
The 1947 test (103 yr. of exposure) 
showed a tensile strength loss of 9 per 
cent for wire No. 040, 11 per cent for 
wire No. 041, 9 per cent for wire No. 
042, and 21 per cent for wire No. 043. 
‘The No. 043 wire is the smallest lead- 
coated wire of the lot. 

None of the zinc-coated specimens 
taken from Pittsburgh, Sandy Hook, 
Bridgeport, or State College showed any 
significant deviation from the previ- 


TABLE H.—LOSS OF TENSILE STRENGTH-} 
UNCOATED STEEL WIRES, 


Loss in Tensile Strength, per 
cent Per Yr. Exposure 


Exposure Site 
No. | No. | No. | No. | No. 
144 124 11 9 6 


Gage Gage Gage Gage Gage 


Pittsburgh, Pa. 

Sandy Hook, N. J. 
Bridgeport, Conn. 
State College, Pa. 

Lafayette, Ind. 
Santa Cruz, Calif. 
Ithaca, N. ¥ 

Ames, Iowa. 

College Sta., T 

Davis, Calif.... 
Manhattan, Kans. . 
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ously reported rate of tensile strength 
loss. 

On the basis of tests to date the logs 
in tensile strength by uncoated steg 
wires expressed in per cent per year of 
exposure for the various gages of wires ig 
as shown in Table H. Although thegg 
data are for uncoated wire, other datg 
have indicated that after the coating hag 
gone, the rate of loss is the same whether 
wires were previously coated or not, 


Findings from Weight-Loss Specimens: 


At the start of the test, zinc-coated 
unfabricated wire specimens were em 
posed at Pittsburgh, Sandy Hook, and 
State College to determine the rate of 
loss of coating. These tests have now 
been completed and summarized in they 
1947 report. The over-all average am 
nual loss of coating in ounces per squat 
foot of surface at Pittsburgh is 0.350; 
at Sandy Hook it is 0.117; and at State 
College it is 0.060. 


Respectfully submitted on behalf @ 


the Subcommittee, 


A. P. 
Chairmat 


| 
| 
| 
"in 


et 
j | { 
as! 
| : = i H 


Abbreviations and symbols used to designate agpgereane or states of corrosion: 
but not showing actual rough rust of base metal. 7 

signify corroded to @ black, brown, or vreen appearance, 
chromate treatment. 


metallic, G = gray, Y = yel 
rust of base metal. PHR, © rust or yellowed in pinholes. 
D = dark (dirt or soot) to the exclusion of a better observ 


ntermediate between Mand G. Gy © predominately gray but showing indication of Y. Figu 
Average 
Coating, 
8q.ft.of 10.29 10.77 ll. 11.7 10.92 11.95 11.04 11.90 10.86 1.90 10.82 12.00 
Surface® Wire Yr. Yr. Yr. Yr. Yr. fr. fr. lr. fr. Yr. Yr. r. 
No. 512 100R 100R 100R 100R 100R 100K 80R 8OR 100R 100R 
No. 410 100R 100R 100R 100R 100R 100R 100R 100R GOR 75R 100R 
No. 411 100R 100R 100K 100R 100R 100k 100k SR oY 100R 
No. 510 100k 100K 100k 100R 1008 100K 100K 5R 1” 100R 100R 
No. 412 100R 100R 100R 100k 100K 100k 5R 15k 100R 100R 
No. 511 100k 100R 100R 100R 100k 100R 100k 20k 30R 100R 
No. 315 100R 100R 100R 100K 100R 100R 100R COR GOR 100R 100R 
No. 215 100R 100R 100R 100R 100R 1OOR 100R 7OR 75k 100R 100R 
No. 117 100R 100R 100R 100R 100R 100R JOR 100R 100R 
No. 317 100R 100R = 100R 100R 100R 36R GY 100R 
No. 217 100R 100R 100R 100k 100R 100k 100R 10R 10k 100%  100R 
No. 316 100R 100k 100R 1008 100R 100R 100R 100R 5R 10R 100R 100R 
No. 216 100R 100R 100R 100R 100R 100R 5R GY 100R 100R 
0.25 No. 115 100R 100R i00R 100R 100R 100k 100R 100k 50R 75R 100R 100k 
0.36 No. 520 100R 100R 100R = 100R 100R 100R 100R 100R 10R GY 100R 100R 
0.35 No. 422 100k 100R 100R 100R 100R 100k 15R 100R 100R 
0.31 No. 423 100k 100k 100R 100R 100R 100R 100R 100R 5K 15R 100R 100R 
No. 522 100k 100R 100R 100R 100R 100R 938 10R GY 100R 100R 
0.37 No. 282 100R 100R 100R 100R 100R 100R 89R 5R cY 100R 100R 
0.38 No. 521 100R 100R~ 100R 100R 100R 778 88R 10R cY 100R 
0.47 No. 421 100R 100k 100R 100R 100R 5R 15k 100R 100R 
No. 325 100k 100R 100R 100R 100R 3h 6R 5R GY 100R 100R 
0.50 No. 228 100k 100R 100R 100R 100R 100R 17k 19R 3h GY 100R 
0.54 No. 329 80R 99R 100R 100R 100R eR 14k 2k 5R 100R 100R 
0.52 No. 227 50R GOR 9OR 100R 100R 100R 1k 3k 3k 95R 
0.41 No. 125 100R 100R 100R 100R 100R 100R 66R 25R 15k 100R 100R 
0.54 No. 127 9OR 100R 100R 100R 100R 100R 2R 3R 10R 1R 99R 100R 
0.38 No. 326 95R 100R 100R 100R oR 2R GY GY 100R 100R 
0.45 No. 226 5OR 100k 100R 100R 1k 3R 18 oY 86R JOR 
0.47 No. 327 9OR 100R 100R 100R G 1k aY 100R 100R 
0.45 No. 225 80R 100R 100R 100R 100R 100R G G 1k Y 100R 100R 
0.61 No. 530 G G 1k 50R 100R 100R G G MG MG 3R 100k 
0.57 No. 432 G 1R 5R 20R 67R 1OOR G G MG 1k 
0.60 No. 531 4OR GOR 99R 100R 100R 100R G 10R G G 100R 100K 
0.48 No. 431 10k 100R 100R 100R 100R 100k G 15k 18 G 100R 100R 
0.54 No. 430 50R 95R 100R 100R 100R 4R GY G 76R 
0.69 No. 338 G G G 1R GR 29R G G Me MG M 2k 
0.68 No. 236 G G G G 3R 28R G G MG “G cel MG 
No. 335 7OR 95R 100R 100R 100R 100R 1k ik G G 99R 100R 
No. 237 20R 25R 30R 35R 1R 1R MG G 18K 44k 
No. 135 1R 10R 15R 30R 100R G G G G 5R 57R 
No. 337 15R GOR 9OR 100R 100R 100R 4k 5R 5R 5R 72R 100R 
0.67 No. 235 1R 2R 10R 69R G G 1R GY 1k 13R 
0.65 No. 239 1k 15R 20R 80R 100R 100k 1R 1k 3R G 1k 36R 
0.67 No. 138 GY 30R 35k 8OR 100R 100R 5R 5R 78 GY 46R 80R 
0.64 No. 139 10R 5OR 50R 7OR 91k GIR 5R 5R 10R 10R 35R 64R 
0.66 Wo. 336 1R 20R 30R 100R 99R  100R 2k 4GR 5R 28R 89R 
0.60 No. 238 20R 80R 60R 100R 100R 2k 2R GY 
0.70 No. 540 G G G G G 4OR G G MG MG G 1R 
0.72 No. G G G G MG 2k G G MG MG M 5R 
0.79 No. 543 5R 10k 15k 25K 37k 65R G G MG MG 5R 18R 
0.78 No. 441 GY 5R SR 10R 20R 85R 2k 2R MG iY 
0.70 No. 542 ar 10R 15R 75R 100R 100k G G G G 79R OOR 
0.74 No. 443 10R 10R 20Y 46R 98R G G MG MG 3R 14R 
0.74 No. 495 GY oY cY 7R 78R G G Cr Cr GY 
0.76 No. 541 Y 10R 158 GOR 100R 100R G G 1k G 18R 100k 
0.76 No. 440 25R R 100R 100R G G 5R G 95R 100R 
0.87 No. Y 1R 3OR GOR G G 1k G GY 
1.05 No. 348 G G G G G G G G MG MG M MG 
0.81 No. 248 G G G G 75h G G MG MG M 1R 
0.88 No. 347 GY GY G G G GY G G MG MG G GY 
0.95 No. 246 GY oY G G 1k 7k G G MG MG GY oY 
0.88 No. 346 Y 1R 1R G G G G GY GY 
0.61 No. 245 Y 5R 10R 25R 73k 97k G G G G 2h 24R 
0.81 No. 296 GY GY GY GY G 1R G G Cr Cr GY G 
0.90 No. 148 GY Y 4 GY 10R 35k G G G “G G GY 
0.85 No. 149 oY 1k 1R 1R 32R GOR G G MG MG 1k 1R 
0.64 No. 345 Y 3R 10R 30R 88R 96K G G 2k GY 4k 10R 
0.96 No. 247 Y Y Y 1R 48R 88R G G 3k GY GY GY 
1.35 No. 800 GY GY cY cY G G MG cY 
1.20 No. 801 GY GY g GY G GY G G MG MG GY G 
2.08 No. 552 G G G G G G G M MG 
1.83 No. 451 G G G G MG G G G MG MG M MG 
1.75 No. 350 G G G G MG G G G MG MG M “MG 
1.69 No. 252 G G G G MG G G G MG MG M MG 
1.65 No. 351 G G G G G G G G MG MG MG MG 
1.76 No. 250 G G G G MG G G G MG MG MG MG 
1.69 No. 551 G G G G MG G G G MG MG M MG 
1.50 No. 450 G G G G MG G G G MG MG M MG 
1.75 No. 352 G G G G G G G G MG MG M MG 
1.86 No. 251 G G G G MG G G G MG G Me G 
1.86 No. 151 G G G G c G G G MG MG MG G 
2.80 No. 397 G G G G MG G G G G MG M MG 
2.72 No. 298 G G G G MG G G G MG MG M MG 
3.00 No. 299 G G G G MG G G G MG MG M MG 
® The zinc coating weicht resorted in thie column is the averace of 611 strippin test dete 4 
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TABLE I - REPORT OF INSPECTIONS OF UNPABKICATED WIRE SPECIMENS 


ay, Y = yellowed, or rust stained 

pinholes. B, Br, Gn, res ctively, 

tter observation. Cr = yellow from 

of Y. Figures (as 5, 20, 50, 100) are percentaces. 


Abbreviations and symbols used to designate appearance or states of corrosion: M« metallic, G = gray, Y = yellaved, or rust staimd, but not showl rough 
base metal. (In cases of zinc coatings, the G and Y conditions are characteristic y 


states of corrosion of gine iron alloys in the t +) R= rust of base metal. - - 
mediate between M and G. GY predominately gray but showing indication of Y. Figures (as 5, 20, 50, 100) are 
Average 
ca. fruz.Cal College Sta- Tex Coating, BRIDGEPORT, 
Coat oz. per Wire Lot 43 Yr. 10.92 Yr. Yr. 11-92 10.43 Ir. 10.92 Yr. Wr. 11.93 
Yr. Yr. Yr. Yr. Yr. tr. Yr. Group sq. ft. of 
Surface® 
R 100R oY GY 100R  100R GY 13R > 
R GY GY 100R 100R |10R 15k 
R 100k 3R G Avg. 1.35 No. 800...06 20R 45R Sit yor 2 95H 
R  100R 5R 10R G 5R 1.28 1.20 No. 978 100k 1008 
R 100R G 10R G 
R 100R SY  10R 62R 9OR G 10R 
R  100R GY 36R 92k GY to 1.83 G G G G or ay oy or 
R  100R GY  29R 58R 7 GY GY 1.80 1.75 G G oY ar ar 
R  100R GY 47R 55R GY 10R 1.69 G G G G ay ay Gr GY 
R GY GY 2R G G 1.65 m 2a 10R 
 100R GY G 3R G G 1.76 aR 108 
R  100R GY GY 62R 2R G 1.69 G G G G GY Gr ar or 
R 100R G GY R G GY 1.50 G 15k 25R 608 
R  100R GY G TrR G G Avg. 1.76 | 1.86 15k SOR 508 5k 10k 
R  100R GY GY Tre 
R 100R GY GY R 
R 100R | GY 3 TrR 3R OG Heavy 2.80 or or oy ox 
R 100R G 2k G G Avg. 2.72 G G G G GY cy Gy GY 
 100R cY GY TrR 3R G G 2.89 3.00 G G Gy or or Gy 
GY GY 1R 3R G G 
GY G G 
“5 = 4 CY 7. a8 G CG a. The zinc coating weight reported in this column is the average of all Stripping test determimtion mde on samles 
R 100R cY cY IR SR CG G of unfabricated wire, fence or barbed wire of the specific wire lot number. 7 
R GY GY 3R G G 
R  100R cY GY 3R 6R G c b- All other coating weight groups were LOOR at 10.43 Yr. except that: In Coating Group 0.80 to 1.00 at Sandy Hook 
Pt Wire No. 348 was Lf at 10.43 Yr., JOR at 10.92 Yr. and LOOK at 11.44 Yr. ° 
100R GY 3R 5R G G 
IR 100R GY CG 1R 2R Gc G Wire No, 246 was 65R at 10.43 Yr., 99R at 10,92 Yr. and LOOR at 11.44 Ir. 
R R 1R G 
GY cY 1R In Coating Group 0.80 to 1.00 at Bridgeport 
GY CY IR IR Wire No. 348 wae at 10.43 Yr., 1OOR at 10.92 Yr. 
yk 1008 MG MG G G MG MG Abbreviations and symbols used to designate appearance or states of corrosion: M-= metallic, G= gray, Y = yellowed, R = rust of base metal, PHR, PHY = rust or yellowed in pinholes. 
94R MG MG G : MG MG B, Br, Ga, respectively, signify corroded to « black, brow, or green appearance. D = dark (dirt or scot) to the exclusion of « better observation. M} = intermediate between M and G. 
sR = 1L00R MG MG G 3 G G GY predominately gray but showing indication of Y. SY* or SR* indicate, respectively: euperficicl Y and superficial, R, the asterisk denoting » speckled appearance. Pigures (as 5, 20, 
50, 100) are percentages. R+Y = indistinguishable proportions of R and ¥. 
2R MG MG G G MG 
MG MG MG G G MG G Hook, M. J 4 7 
4 ered wire 9  |No. 022, Ga Gn Ga Gn Ga Ga Ga Ga Gn Gn Gn Ga 
R GY oY oR G G Wires 9  |Wo. 1.48-08. LOOR*Y 1OOR+Y 100K+Y LOOK+Y lk lk 1k LOOR+Y 
GbR GY cY 6R oR 4 042, 1.68-02, LOGH+Y LOOH+Y li ma 100K+Y LOOR*Y 
-4 043, 1.90-o8. 100R+¥ LOOReY 1OOR+Y LOOR+Y 1R 100K+¥ LOOReY LOOR+Y 1OOKeY 
5 
G 1R MG MG Corrosion-Hesistant Uncoated Wires: 
1k G MG G G 17 | Wo. 005 Y YSR Y M o 
100R MG MG G G G G nd 
5 5 
iY 18 GY GY 2k 3R G G 186 Cr., 15 Mo. 003 MG “OGY 
Ni. 12 | Mo, we «GY 
¥ MG G G MG OMG 
G G G G MG 
G G G G G Lafayette, Ames, Manhattan, Ithaca, N.Y. | Sante Crus, College Sta., |Davis, Calif. 
GY MG G G G 6G 0.92 11.95 | 11.9 10.86 11.90 | 10.82 12.00 | 10.86 11.65 | 10.63 11.€9 | 10.66 11.65 
LR 1R MG MG 4 G G MG Gage Wire Yr. Yr. Yr. Ir. Yr. Yr. Yr. r. Yr. Yr. Yr. Yr. Yr. Yr. 
x 4k Copper-cov- | Mo. O21, 7.42=08. Br br br Br 
GY S Lesd-coated 6 |Mo. O40, 140-02, | 69PHR loopHR | me GY 195R 12PHY | 218R 
9 |Mo. Oul, 1.s6~oz, | SLPHR 0PHR | 398 10h 463K 33PHY | S7SR on 
+4 G G OMG Wo. 042, 1.6802. | 6@PHR | sR 173k 215K | 
AG MG MG MG G cr. 12 |Mo. OL sy s¥ G 7358 LOOReY | 485R 
M OMG 3 G G G | MG Wo. 004 x sy s¥ x 603i | 453K 
M MG OMG 117_—s | Mo. 005 x sy or 6G ye 623k | SSR 
5 G 5 G 
MS G G MG Cr. 1 Wo. 002 sy cy sy 263R | 
air 
» MG quenched No, 0O7 sY SY Me sY «523K GikeY | 20SR 223K 
M MG G iG G G 
sY > 
eterminations Mo. O15 : 
mber. 
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TABLE III.—REPORT OF INSPECTioy; 

Abbreviations and symbols used to designate appearance or states of corrosion: M = metallic; G = gray; Y = yellowed ,, 
holes; B, Br, Gn, respectively signify corroded to a black, brown, or green appearance; D = dark (dirt or soot) to the exclys 

or SR = superficial Y and superficial R, respectively; Asterisk (*) = speckled appearance. Figures (as 5, 20, 50, 100) are pe 
stay wires. Where two values are shown separated by & (90R&Y) the first applies to the top wires of the fence and the second 


Average 
| Coat- 
Coating | ing, 
9. 989 10.43 10.90 | 
lcurface® . yr. yr. yr. | yr. yr. yr. yr. 
| 
No. 512. 100R 100R | 100R 100R 
No. 410. 100R 100R 100R 100R 
No. 411... | 100R 100R 100R 100R 
No. 510. 100R 100R } 100R 100R 
No. 412. 100R 100R | 100R 100R 
No. 511. 100R 100R | | 100R 100R 


State College, Pa. Lafayette, Ind. | Ames, Iowa Manhattan, 


10.92 11.95, 11.04 11.90 10.86 11.9 
yr. 


Fence 


yr. 


No. 315 . | 100R 100R 50R 100R 
No. 215... | 100R 100R 100R 100R 
No. 317. ..| 100R 100R 100R| SOR 100R 
No. 316. | 100R 100R 100R} 50R 100R 
No. 216...| 100R 100R 100R 50R 100R 
No. 520 100R 100R 5 100R 
No. 422 100R 100R 
No. 423 100R 100R 
No. 522 90R 90R 
No. 521. | 100R 100R 
No. 421 100R 


60R 


No. 325 90R 5 100R 
No. 228 50R 100R 
No. 227 5 100R 
No. 326 100R 
No. 327... 
No. 225 
No. 530 
No. 432 
No. 531 
No. 431 
No. 430 
No. 532 
No. 433 


No. 350 
No. 252 
No. 352 
No. 397... 
No. 298... 


12 to 14% Cr, cold 
drawn .. No. 001... 
12 to 14% Cr, air 
quenche .| No. 002... 
18% Cr, 8% Ni. ..| No. 003.. 


Copper-covered 
(7.42 oz. per 
sq. ft.). | No. 020... ; Gn 


Lead-coated (1.48] 
oz. per sq. 10R 
ft.)..........] No. 040...) 90PHR 100R+Y 100R+Y 100R+Y | 40PHR sSOPHR| 25 10R 


* The zinc coating weight reported in this column is the average of all stripping test determinations made on samp 
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| 
30R SOR 
5OR SOR 
Y 
is. GY GY 
| G GY 
50R SOR 
to | 0 20R SOR 
0.35 | 0 GY GY 
Avg. | 9 GY Gy 
0.30 | 0 GY GY 
| o4as | GY Gy 
i ) G 
:.| Avg. | GY GY 
| 0.38 | 9 GY GY 
0.45 0 >; SR GY GY 
ons 0 GY GY 
Ave 0 som GY 
} . 0 ; 3 > GY 
0.46 0 > GY GY 
5 | g CG MG MG 
0.50 0 MG MG 
to 0 R 25R G G 
0.00 0 GY 1R GY GY 
Avg. 0 25R 10R GY Gy 40} 
eae 0.54 0.49 G G GY GY 
A 0.49 GY G GY GY 
0.09 |) G G G MG MG --- 
{ | 0.60 0.68 | No. 236 G G G G G G G G MG MG 
| 0.61 | No. 335 GY 10R 20R 50R 80R 90R G G G CG 
: ete 0.63 | No. 237 GY 20R 40R SOR 70R 70R G G G G 
i. pve 0.57 | No. 337 Y 20R 30R 80R 75R 80R G G GY GY 
: ean 0.67 | No. 235 Y 50R 50R 60R 90R 100R G G GY GY 
O 0.66 | No. 336 Y 20R 20R SOR 60R 80R G G GY GY 
0.00 | No. 238 Y 40R 50R 50R 70R 100R G G GY GY 
: | 0.70 | No. 540... G G G G G 10R G Gc MG MG 
i 0.72 | No. 442... G G G Cc G G G CG MG MG 
0.70 | 0.79 | No. 543 G GY 5R sR 40R 50R 6 6G MG MG 
j.° oss | 0-28 | No. 441 GY G G GY SR 80R G G MG MG 
A; 0.70 | No. 542 GY SR SR 10R SOR SOR G G MG G | 
|: et 0.74 | No. 443 GY GY GY 10R 40R 40R G G MG MG | 
. 0.76 | No. 541 GY GY G 1R 30R SOR| Sc G MG MG 
| 0.76 No. 440 GY G G GY 20R 50R G G MG MG 
: 1.05 | No. 348 G G G G G G G G MG MG 
0.80 0.81 | No. 248 G G G G G G G G MG MG 
| ‘ 0.88 | No. 347 G G G G G 5R G G MG G 
| oa 0.95 | No. 246 G GY GY GY | 10R 40R G G MG M6 
} x 0.88 | No. 346 GY GY GY GY | 10R 40R| G G G 6G 
oa) | O°8t | No. 245.. GY GY GY GY | 30R 80R G G MG 6 | 
6 0. 0.84 | No. 345 Y Y Y Y 15R 50R G G GY Gy ( 
0.96 | No. 247 Y Y Y y| 10R SOR} G G GY Gi 
1.60 1.75 | G G G G G G| G G MG MG 
to 1.69 | G G G G & MG G G MG M6 
1.80 | 1.75 | G G G G G G| ae MG M6 
an Avg. 2.8 G G G G G G G G MG MG @--— 
| *| 2.76 | 2.72 G G G G G f G G MG M6 
G MG MG | M SY MG* MG 
{G MG MG MG M M! SY SY MG 
M M M M M 
- ( 
4 | 
i~{ wlabric 
|| 


the bottom wires of the 


of FARM FIELD FENCE‘SPECIMENS, 
rust stained, but not showing actual rough rust of base metal; R = rust of base metal; PHR, PHY = rust or yellowed in pin 
a better observation; MG = intermediate between M and G; GY = 


entages. Where two values are shown separated by a dash (SOR-80R) the first applies to the line wires and the second to the 
R + Y = indistinguishable proportions of R and Y. 


fence. 


redominately gray but showing indication of Y; SY 


Ithaca, N.Y. | Santa Cruz, Calif. ation, Davis, Calif. 
Coating | ing, F 
ence 
1082 12.00 10.86 11.85 10.83 11.83 10.86 11.85 
yr. vr. yr. yr. yr. yr. yr. yr. surface 
100R 100R GY GY 80R 95R 10R 30R 0.20 0.27 No. 512 
100R 100R 20R 50R 50R 80R 5R 20R to 0.30 No. 410 
100R 100R GY GY 2R = 10R G G 0.30 0.28 No. 411 
100R 100R GY GY 5R 20R G G Avg. 0.29 No. 510 
100R 100R GY GY 5R SR G G 0.28 0.29 No. 412 
= 100R 100R GY GY 40R 90R 5R 40R 0.24 No. 511 
100R 100R 35R 40R 70R 90R 20R G 0.25 | 0.25 No. 315 
' 100R 100R GY 25R 30R 50R 5R 15R to 0.28 No. 215 
80R 95R GY GY GY iR G G 0.35 0.38 No. 317 
85R 100R 30R 30R 2R 2R G G Avg 0.32 No. 316 
85R 90R GY GY 2R 2R G G 0.30 0.30 No. 216 
95R GY GY sR 15R G G | No. 520 
90R 95R GY GY SR 10R G 0.35 No. 422 
85R 90R GY GY 3R SR G G 0.45 0.31 No. 423 
70R 9OR GY GY GY 5R G G pees 0.44 No. 522 
80R 90R GY GY 2R ~=10R G G 038 0.38 No. 21 
75R 80R GY GY 2R 5R G G a 0.47 No. 421 
45R 80R GY GY 8R G | No. 325 
5oR 6OR GY GY 2R G G 0.50 No. 228 
\ 5oR 70R GY GY iR 4k G G 0.85 0.51 No. 227 
70R 95R GY GY iR G 0.38 No. 326 
40R 90R GY GY 1R G G A 0.47 No, 327 
60R GY GY IR 2R G G 0.45 No. 225 
G 3R 15R MG MG G G MG MG 0.61 No. 530 
G M G MG MG G G MG MG 0.50 0.57 No, 432 
Yy 30R 25R MG GY G G MG MG to 0.60 No. 531 
y REG 70R GY GY GY 5R G G 0.60 0.48 No. 431 
Y SOR SOR&MG GY GY GY 2R G G Avg. 0.54 No. 430 
Y 65R 75R GY GY GY 3R GS G 0.54 0.49 No. 532 
= 45R 60R GY GY GY 5R G G 0.49 No. 433 
iG M MG MG MG G G MG MG 0.69 No. 338 
G M MG G MG G G MG MG 0.60 0.68 No. 236 
G 10R 30R c MG G cS MG MG : 0.61 No. 335 
5Y 5R 40R G G G G G MG 0 70 0.63 No. 237 
15K 3R | GY GY 3R 5R G Ai 0.57 No. 337 
30R GY GY 2R 2R G G 6.67 No, 235 
GY 10R 25R GY GY 5R 5R G G 0.66 No. 336 
a 20R 6OR GY GY 4R 4R G G 0.60 No. 238 
M MG MG MG G G MG MG 0.70 No. 540 
M M MG | MG MG G G MG MG 0.70 0.72 No. 442 
M G IR MG MG G G MG MG re 0.79 No. 543 
MG G MG MG G G MG MG ° 85 0.78 No. 441 
M 15R 15R MG G G GS MG MG bo 0.70 No. 542 
v 10R 30R | MG MG GS G MG MG On 0.74 No. 443 
MG IR sR | MG MG G G MG MG ; 0.76 No. 541 
- = MG 10R | MG MG G G MG MG 0.76 No. 440 
vi M MG MG MG G G MG MG 1.05 No. 348 
5 M MG MG MG G G MG MG 0.80 0.81 No. 248 
v MG GY SR 10R G G MG MG 50 | 0.88 No. 347 
G GY G G G MG 0.95 No. 246 
GY GY MG MG G G MG MG Ave, | 0-88 No. 346 
GY GY GY G MG G G MG MG Vg. 0.81 No. 245 
GY sR 10R GY ra 3R 5R G G 0.90 | 0.84 No. 345 
- GY SR GY GY 2R 2R G G 0.96 No, 237 
M M MG MG MG G G MG MG 1.60 | 1.75 No. 350 
MG M M MG MG G G MG MG to 1.69 No. 252 
_ M MG G G G G MG G 1.80 | 1.75 No. 352 
MG M M | MG MG G G MG MG Avg. | 2.80 No. 397 
—s * M MG MG G G MG MG 2.76 | 2.72 No. 298 
= 12 to 14% Cr, 
M MG* | 75SR  75SR 10R 12R 25SR 30R cold drawn. No. 001 
Mu 12 to 14% Cr, air 
M MG* | 35SR  35SR SSR SSR SSR quenched No. 002 
=. = M MG MG MSSY* M MG MG | 18% Cr,8% Ni No. 003 
Copper-covered 
(7.42 oz. per 
— Ga Gn Br Br Br Br Br Br sq. ft.)... No. 020 
Lead-coated 
(1.48 oz. per 
10R 5R 30SR 40SR 40SR SOR No. 040 
amp 


walabricated wire, fence or barbed wire of the specific wire lot number. 
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On Fretp TESTS OF WIRE AND WIRE PRODUCTS 


TABLE VI.—BREAKING LOADS AND ELONGATION OF UNFABRICATED WIRE SPECIMENS. 


Breaking Load, Elongation in Breaking Load, | Elongation in 
Wire Lot Ib. 10 in., per cent Wire Lot | ib. "| 10 in., per cent 


TESTS ON UNCOATED SPECIMENS ExposeED 10.82 Yr. At ITHaca, N. Y. 


WOOO 


| 


Tests oN UNCOATED SPECIMENS ExposeD 10.92 Yr. AT LAFAYETTE, IND. 


| 


845 
600 
845 
955 
1215 
2070 
1805 
2410 
2180 


NN 


Cine 


Tests oN UNCOATED SPECIMENS ExPosED 11.04 Yr. at Ames, Iowa 


| 


wn 


WW 


Tests oN UNCOATED SPECIMENS ExposED 10.86 Yr. AT SANTA Cruz, CALIF. 


CORRE 


Novo 

S 


Tests on UNCOATED SPECIMENS Exp: 


eco 
oo 


Ow 


. 


| 


125 
355 
390 
410 
3€5 
915 
345 
70 
60 
410 
410 
380 
405 
660 | 
SEA 370 No. 2 . 
905 No. 2535 
2180 
Tests on UNCOATED SPECIMENS Exposed 10.83 Yr. at COLLEGE STATION, TEXAS 
395 
440 
435 
385 
435 
430 
89( 
420 
485 
460 
415 
435 
435 
No. 300 
No. 302 | 
4 
7 
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TABLE VI.—Continued. 


Wire Lot 


No. 400 


Wire Lot 


10 in., per cent 


Load, Elongation in Wire Lot Load, Elongation jn 


Per cent 


TEsts ON UNCOATED SPECIMENS ExposeD 10.86 Yr. AT MANHATTAN, KANS. 


AAnNNOUOA Ss 


Tests ON UNCOATED SPECIMENS ExposepD 10.36 Yr. AT BRIDGEPORT, CONN. 


Tests ON UNCOATED SPECIMENS ExposeD 11.43 Yr. at SANDY Hook, N. J. 


4.4 215 
175 1.7 No. 406 255 


Tests ON UNCOATED SPECIMENS ExposeED 10.47 Yr. AT PrttspurGH, Pa. 


270 6.7 
280 0.3 No. 306... 


Tests ON UNCOATED SPECIMENS ExposeD 11.46 YR. AT PitTsBuRGH, 


8.4 No. 205 
1.3 No. 206... 


Zinc-CoATED UNFABRICATED WIRE SPECIMENS 


Elongation 


Exposure | Breaking ‘in 10 in., || Wire Lot Exposure | Breaking | 


to IR, yr. Load, Ib. per cent | 


Tests oN Zinc-CoATED SPECIMENS ExposED 10.36 Yr. AT BRIDGEBPORT, CONN. 


| 


| 


| Elongation 


per cent 


in ine OSS 


wn 
> 


nw 


1045 


Tests on Zinc-CoaTeD SPECIMENS Exposep 10.35 Yr. aT SANDY 


OOK, 


ann 


6 


ry 575 No. | 1020 
445 1100 
270 0.3 1960 No 
280 0.3 _ 1755 No 
310 0.1 2385 No 
2140 No 
= 
No 
No 
No 
A. 
a: No. 200........ Po 485 | 4.7 No 
| | 690 3.0 No. 
| 
| — 
No. 
1.5 No 
i No. 522........++++| 430 No 
655 No. 
|. (965 No. 
No. 
* 4 TEs1 11.4 Yr. at BripGeport, Conn. No, 
—_—— No, 
325 
No, 365 
No. 325 
No. 205 No. 
No. 880 No. 
725 
| | 870 
|, 1435 
995 
No. 410........ = 200 
No. 1.55 3585 100 
Ma. 29 365 120 
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TABLE VI.—Continued. 


} 

| Elongation || | p | Elongation 

Exposure Breaking Exposure Breakin Sages 

Wire Lot in 10 in., Wire Lot Pp | in 10 in., 
to1 R,yr. Load, Ib. per cent | tol R,yr. Load, lb. | per cent 


on Zinc-CoATED SPECIMENS ExposeD 11.40 Yr. AT SANDY Hook, N. J. 


wne 


| 


Tests ON Zinc-CoaTeD SPECIMENS Exp 11.28 Yr. at STATE COLLEGE, Pa. 


OO WwW 
Cae 
“IO 


Tests ON Zinc-COATED SPECIMENS ExposepD 10.47 Yr. aT Brunor ISLAND Pa.) 


10 
90 
0 
90 
0 


sssss 


Tests oN Zinc-COATED SPECIMENS ExposeD 11.46 Yr. AT Brunot IsLAND (PITTSBURGH, 


No. 296 
Yo. 298 


Tests oN LeEaD-CoATED SPECIMENS ExPosED 10.47 Yr. AT Brunot IsLAND (PiTTspuRGH, Pa.) 


5.2 610 
5.6 | 235 


| 
127° 
| 
| 
No. 442 
No. 444 
P 
No. 329... ~ 1 
440 9.7 | 
500 4.0 
aaa 640 1.0 
lo. 38 4.5 
No. 46... 715 0:1 
1345 0.7 397............| 7 670 0.2 | 
775 6.5 || 2040 4.5 
| No. 148. 
_ 
- 
No, 247... 
0.9 1620 | ‘1 
No.OM........... 0.9 955 
t 
: 
4 
> 
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REPORT OF COMMITTEE A-6 


MAGNETIC 


Committee A-6 on Magnetic Prop- 
erties has had one meeting since the 
previous report, at Detroit, Mich., on 
June 21, 1948. 

During the year, the committee has 

_ suffered the loss of three of its most 
active and valued members; Mr. J. A. 
Ashworth by death and P. H. Dike and 
¢ W. Rust by retirement. They will 
all be greatly missed. Mr. Ashworth 
was chairman of Subcommittee V on 
Correlation of Magnetic Testing Equip- 
ment ard Methods, having initiated the 
work of this subcommittee some time 
ago. Mr. Dike had been Vice-Chairman 
of Committee A-6 since 1936 when that 
office was established. He was also 
chairman of Subcommittee I on Nomen- 
_clature and Definitions. Mr. Rust was 
one of the oldest members in years of 
service and has contributed much to the 
work of the committee. Mr. Thomas 


_ Spooner has relinquished the chairman- 

guidance has contributed greatly to the 
—Beiler of the Westinghouse Electric 
Telephone Laboratories, and C. J. Wits- 


ship of the committee which he has 
held continuously for a period of twenty- 
three years. His capable and wise 
accomplishments of Committee A-6. 
The following have been appointed to 
membership during the year: A. C. 
Corp., D. C. Dieterly of the Armco Steel 
Corp., R. E. Watson of the Leeds & 
Northrup Co., V. E. Legg of the Bell 
berger of the Pennsylvania Trans- 
former Co. 
Since the Annual Meeting, the sub- 


*Presented at the Fifty-second Annual Meeting of the 
Society, June 27-July 1, 1949. 


ON 


PROPERTIES* 


committees have been completely re. 
organized as follows: 


I. Nomenclature and Definitions, G. 4. 
Cole, chairman, 
II. Methods of Sampling and Tests, J. W. 
Hale, chairman, 
III. Editorial, R. C. Taylor, chairman, and 
IV. Accuracy of Test Methods, A. C. Beiler, 
chairman. 


The chairmen of the subcommittees 
together with the officers of the main 
committee constitute the Advisory Con- 
mittee. 

The major project during the year 
has been an extensive revision by Sub- 
committee III of the Standard Methods 
of Testing Magnetic Materials (A 34- 
48), consisting mainly of a regrouping 
under the general designation A 34 using 
the serial numbers A 340 to A 349 to 
designate the various sections. Methods 
A 34-48 were a voluminous document 
including 85 sections and 15 figures iné 
total of 36 pages. A minor revision in 
the methods, such as adding a new 
section, resulted in a large number «! 
changes in internal references, etc. 10 
eliminate this, the present sections 
Methods A34 have been regrouped 
under five designations: namely, AJ}. 
A 341, A342, A 343, and A344. Thi 
has also involved a certain amount 0 
editorial revision in the interests 
uniformity. Also, it is proposed to tt 
designate the present Standard Defin 
tions of Terms with Symbols, Relatin: 
to Magnetic Testing (A 127-48) & 
A340 and to adopt as standard th 
present Tentative Specifications for Flat 
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Rolled Electrical Steel (A 310 - 47 T) 
ith the new designation A 345. 
It should be noted that the revision 
d regrouping of Method A 34 will in 
way affect current reference to these 
ethods as may now obtain on drawings 
r otherwise, for the new A 34 will, 
herever A 34 is cited, still specify the 
se of the same methods that have now 
een regrouped under other designations. 


ADOPTION OF TENTATIVE 
AS STANDARD 


The committee recommends that the 
entative Specifications for Flat-Rolled 
Electrical Steel (A 310-47 T) be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard 
without revision and that it be redesig- 
nated as A 345 — 49. 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions in Methods 
\34 which consist of a division and re- 
vision of these methods into the following 
ve standards as explained in the follow- 
outline. The committee accordingly 
sks for a nine-tenths affirmative vote at 
ne Annual Meeting in order that these 
recommendations may be referred to 
tier ballot of the Society for immediate 
doption. 


Mandard Methods of: 


‘esting Magnetic Materials (A 34 ~ 48), as ap- 
pended hereto, 

lest for Normal Induction and Hysteresis of 
Magnetic Materials (A 341), as appended 
hereto,! 

Test for Core Loss and Permeability of Magnetic 
Materials by Alternating Current Procedures 
(A 343), as appended hereto," 

Test for Permeability of Feebly Magnetic 
Materials (A 342), with the following revisions: 

_ Sections 1 and 2.—Reword the present Sec- 

tons 39 and 80 of Methods A 34 - 48 to read as 
iollows: 

1. Scope.—These methods of test cover four 

The 


and 


These revised methods were accepted by the Society 
éppear in the 1949 Book of A.ST.M. Standards, Part 1. 


On MAGNETIC PROPERTIES 4 


procedures for determining the permeability of 
materials having a permeability not exceeding 
2.0. 

2. Choice of Methods.—(a) Methods 1, 2, and 
3 are alternative methods for materials with 
permeabilities between 1.0 and 2.0. 

Note.—These methods can be used with 
smaller dimension-ratio test specimens when 
used for comparing similar specimens for 
quality control purposes. The absolute values 
may, of course, not meet the 2 per cent accuracy 
limits. 

(b) Method 4 is suitable for measurement of 
permeability of paramagnetic materials having a 
permeability less than 1.05. 

Method No. 1.—New Sections 3 to 7, inclusive, 
consisting of the present Sections 40 to 44, in- 
clusive, of Methods A.34—48. The note in Sec- 
tion 44 will be omitted since it is covered by the 
note in the new Section 2 (a). 

Method No. 2.—New Sections 8 to 12, inclu- 
sive, consisting of the present Sections 45 to 49, 
inclusive, of Methods A 34-48. The note in 
Section 49 will be omitted since it is covered by 
the note in the new Section 2 (a). 

Method No. 3.—New Sections 13 to 17, in- 
clusive, consisting of the present Sections 50 to 
54, inclusive, of Methods A 34 — 48. 

Method No. 4.—New Sections 18 to 22, in- 
clusive, consisting of the present Sections 81 to 
85, inclusive, of Methods A 34 — 48. 


' Standard Methods of Test for Electrical and 


Mechanical Properties of Magnetic Ma- 

terials (A 344), with revisions as follows: 

Section 1.—Add the following as a new Section 

1. Scope-—These methods cover test pro- 
cedures for electrical resistivity, interlamination 
resistance, lamination factor, and ductility. 

The details of the four procedures are given 
as follows: 

Electrical Resistivity—New Sections 2 to 7, 
inclusive, consisting of the present Sections 64 to 
69, inclusive, of Methods A 34 — 48. 

Section 8.—Add the following new material 
on “Accuracy” as Section 8: 


| 


8. Accuracy.—Accuracy of the method for | 


measuring resistivity of magnetic materials of 
usual surface finish is estimated to be within 2 
per cent. 

Interlamination Resistance-—New Sections 9 
to 13, inclusive, consisting of the present Sections 
55 to 58, inclusive of Methods A 34-48. The 
new Section 12 will consist of Paragraphs (a) to 
(d) identical with Paragraphs of the same letter 
of the present Section 58 of Methods A 34 - 48. 
The new Section 13 will contain the material of 
the old Section 58 (e) of Methods A 34 - 48. 
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Lamination Factor.—New Sections 14 to 18, 
inclusive, consisting of the present Sections 59 to 
63, inclusive, of Methods A 34 - 48. 

Ductility, Cup Test.—-New Sections 19 to 23, 
inclusive, consisting of the present Sections 70 to 
74, of Methods A 34 - 48. 

Ductility, Bend Test.—New Sections 24 to 28, 
inclusive, consisting of the present Sections 75 to 
79, inclusive, of Methods A 34 - 48. 


The recommendations appearing in 
bal report have been submitted to letter 


ballot of the committee, the results of 

2 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at A.S.T.M. 
Headquarters. 


Report or Commitrer A-6 


which will be reported at the Annu! 
Meeting.” 

This report has been submitted ty 
letter ballot of the committee which 
consists of 33 members; 22 members re. 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
R. L. SANForD, 
Chairman, 
J. P. Barton, 
Secretary. 
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REPORT OF COMMITTEE A-7 


MALLEABLE IRON CASTINGS* 


(ommittee A-7 on Malleable Iron standard methods of analysis which 


stings held one meeting during the 
rent year on June 23, 1948, during 
e Annual Meeting of the Society in 
troit, Mich. Members-at-large elect- 
at that meeting to serve on the 
visory Committee were George E. 
ean, J. J. Kanter, H. A. Schwartz, 
G. Steinebach. 

During the year there was one re- 
wal from the list of members. Due 
retirement from active business, Mr. 
irthur Jameson resigned from A.S.T.M. 
nd Committee A-7._ Mr. Jameson has 
rendered valuable service over a period 
imany years and his resignation was 
received with deep regret. 

At the present time the committee 
nsists of 59 members of whom 55 are 
ting members; 29 are classified as 
producers, 16 as consumers, and 14 as 
general interest members. 

Committee A-7 is continuing its gen- 
ral interest in the project of working out 
me arrangement with the National 
ureau of Standards by which a white 
on sample will be added to the Bu- 
teau’s list of standard samples. Some 
‘upplementary consideration has been 
ven to the possible development of 


*Presented at the Fifty-second Annual Meeting of the 
“ciety, June 27-July 1, 1949. 


have special application to work with 
white iron. 


TENTATIVES CONTINUED WITHOUT 
REVISION 

It was originally recommended that 
the Tentative Specifications for Pearlitic 
Malleable Iron Castings (A 220 - 48 T) 
and the Tentative Specifications for 
Malleable Iron Flanges, Pipe Fittings, 
and Valve Parts (A 277-44T) be 
adopted as standard. Due to the number 
of objections raised on the adoption of 
these tentatives as standard, it was de- 
cided to continue them in their present 
status for the coming year, during which 
time they are to be given further con- 
sideration in the light of the latest infor- 
mation. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 59 members; 52 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
W. A. KENNEDY, 
Chairman. 
J. H. LANsInG, 
Secretary. 
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{ REPORT OF COMMITTEE A-9 : 


ON 


FERRO-ALLOYS* 


Committee A-9 on Ferro-Alloys held 
a meeting on March 3, 1948, and plans 
to meet in Atlantic City, N. J., on June 
29, 1949. 

A Task Group of Committee A-9 is 
scheduled to meet in Atlantic City with 
representatives of Committee B-9 on 
Metal Powders to discuss the scope of 
Committee A-9’s activities in so far as 
they concern powdered metals for metal- 
lurgical use. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Specifications (E. A. 
Lucas, chairman) has prepared Tenta- 
tive Specifications for Ferrotitanium 
and for Ferroboron which have been 
distributed for letter ballot to the com- 
mittee. It has revised the Standard 
Specifications for Molybdenum Salts and 
Compounds (A 146-39) to include 
molybdenum oxide in bags or cans and 
molybdic oxide briquets and the speci- 
fications will also be modified by in- 
corporating therein the material now in 
the Tentative Method for Sampling 
= Presented at the Fifty-second Annual Meeting of the 
Society, June 27-July 1, 1949. 


Molybdenum Salts and Compounds for 
Metallurgical Use (E 66-34 T) at the 
same time reverting the specifications ty 
tentative. All three specifications, when 
completed, will be submitted to the 
Administrative Committee on Stand. 
ards.! 

Subcommillee IT on Sampling (W. (. 
Bowden, Jr., chairman) plans to mee 
with representatives of Committee Ej 
on Chemical Analysis of Metals to pr 
pare methods for sampling ferrotitaniun 
and ferroboron. 


This report has been submitted t 
letter ballot of the committee, which cor 
sists of 27 members; 25 members r 
turned their ballots, of whom 24 have 
voted affirmatively and none negatively. 


Respectfully submitted on behalf ¢ 
the committee, 
W. C. Bowbey, JR. 
Chairmas 
G. F. Comstock, 
Secretary. 


1 See Editorial Note below. 


EpITORIAL NOTE 


Subsequent to the Annual Meeting, Committee A-9 presented to the So- 
ciety through the Administrative Committee on Standards the following 


recommendations: 


New Tentative Specifications for: 


Ferroboron (A 323 - 49 T), and 
Ferrotitanium (A 324 - 49 T). 


Revision and Reversion to Tentative of Standard Specifications for: 
Molybdenum Salts and Compounds (A 146 - 39). 


These recommendations were accepted by the Standards Committee on 
August 19, 1949, and the specifications appear in the 1949 Book of A.S.T.M. 


Standards, Part 1. 
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REPORT OF COMMITTEE A-10 


ON 


IRON-CHROMIUM, IRON-CHROMIUM-NICKEL, AND RELATED 
ALLOYS* 


‘ommittee A-10 on Iron-Chromium, 
n-Chromium-Nickel, and Related Al- 
sheld meetings at Detroit, Mich., on 
ie 23, 1948, during the Annual Meet- 
sof the Society, and on March 2, 1949, 
Chicago, Ill. 
Some changes in representation on the 
nmittee occurred during the past 
ar. The present committee consists 
9) members, of whom 41 are classified 
producers, 35 as consumers, and 14 
general interest members. 


COMMENDATION ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


On November 15, 1948, the Adminis- 
ative Committee on Standards ac- 
epted the joint recommendation of 
mmittee A-1 on Steel and Committee 
\-10 that the Specifications for Seam- 
ss and Welded Austenitic Stainless 
eel] Pipe be approved for publication 
tentative. The new tentative speci- 
ations appear in the 1948 Supplement 
) Book of A.S.T.M. Standards, Part 


A, bearing the designation A 312 - 
87. 


REVISION OF STANDARDS, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
nediate adoption revision of the follow- 
ng standards and accordingly asks for 
‘nine-tenths affirmative vote at the 
‘nual Meeting in order that these 
‘commendations may be referred to 
etter ballot of the Society. 


_ "Presented at the Fifty-second Annual Meeting of the 
“*iety, June 27-July 1, 1949, 


Standard Specifications for Corrosion- 
Resisting Chromium Steel Plate, Sheet, 
and Strip (A 176 — 44):! 

Section 7 (b).—Change to read as 
follows: 


(b) The yield strength shall be determined 
by the offset method as described in Standard 
Methods of Tension Testing of Metallic Ma- 
terials (A.S.T.M. Designation: E 8). The 
limiting permanent offset shall be 0.2 per cent 
of the gage length of the specimen. An alter- 
nate method of determining yield strength may 
be used based on a total extension under load 
of 0.5 per cent. 

Table II.—Delete footnote a. 

Standard Specifications for Corrosion- 
Resisting Chromium and Chromium- 
Nickel Steel Plate, Sheet, and Strip for 
Fusion Welded Untired Pressure Vessels 
(A 240 — 44):! 

Table I.—Add one new grade “O” 
with the following requirements: 


Grade O 
Type Number... 
Carbon, max., per cent 
Manganese, max., per cent. 
Phosphorus, max., per cent 
Sulfur, max., per cent.. 
Silicon, 'max., per cent.... 
Chromium, per cent 
Nickel, per cent 


* Aluminum 0.10 to 0.30 per cent. 

Table II.—¥or grade A, change the 
tensile strength from ‘70,000 min., 
psi.” to ‘65,000 min., psi.”; the yield 
strength from ‘35,000 min., psi.” to 
“30,000 min., psi.”; the elongation in 2 
in. from “25 min., per cent” to ‘22 min., 
per cent.” 

Add one new grade with the following 
requirements: 


1 1946 Book of A.S.T.M. Standards, Part I-A. 
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Type Number.... 
Tensile strength, min. psi 

Yield strength, min., psi 
Elongation in 2 in., min. , per cent 
Brinell Hardness, ‘max. 
Rockwell Hardness, max. 

Cold bend, deg. 


Grade O 
405 
60 000 
25 000 
25.0 
202 
B88 
180 


Footnote a.-Change to read: “Yield 
strength shall be determined by the 
offset method at 0.2 per cent limiting 
permanent set in accordance with 


Table 


changes: 


II.—Make the _ followin; 


Grades 1, 3, 4, 5, 6, and 11.—Change chrom 
ium content from “18.0 to 22.0 per cent” 1, 
18.0 to 21.0 per cent.” | 

Grade 2.—Change chromium content fron 
“20.0 to 24.0 per cent” to “20.0 to 23.0 pe 
cent.” 

Grade 6.—Insert a maximum requirement of 
“0.05” for phosphorous and sulfur, retaining 
the reference to footnote a for these items 


TABLE I.—CHEMICAL REQUIREMENTS. 


Chemica] Composition, per cent 


Si, 
max. 


P, | S, 
max. | max. 


3 


Over 0.08-0.20 a 0.040 0.030 
-15 max. 1 
1 | 0.040 
1 .040 
.040 
.040 
1 .040 
1 ! 


max. 
.10 max. 
.O8 max. 
-08 max. 
.15 max. 
.15 max. 


0.030 
0.030 
0.030 
0.030 
0.030 


| 
| | 
| 1. .040, 0.030 


1. -040 0.030 
| 1. -040, 0.030 


Over 0.15 
0.12 max. 


(a) 


Cr 


Ni 


Other Elements 


17 .00-19.00 
17 .00-i9 


18 .00-20. 
16.00-18. 
17.00-19. 


8.00-10.00 
8.00-10.00 | P, S, Se, min. 0.07; Zr \ 
max. 0.60 
8.00-11.00 
10.00-14.00 Mo 2.00/3.00 
8.00-11.00 Ti 5xC min. 
17 .00-19. 9.00-12.00 | Cb 10xC min. 
11.50-13.5 
12.00-14. P, S, Se min. 
max. 0.60 


0.07, Zr, Mc 


12 
14 
16 


-00-14. 
-00-18. 


00-18. Mo 0.75 max. 


TABLE II.—PHYSICAL TEST REQUIREMENTS. 


Yield 


Strength, 0.2 
yer cent 
offset, min., 


Diameter or Thickness, in. 


Up to 3 2 in., incl. 

Over} tol in 4 incl. 
Over 1 to 1} in. incl. 
Over 1} in. to 1h in., incl.. 
Over 14 in. to 3 in., incl. 
Over 3 in. 


All sizes 90 000 


Standard Methods of Tension Testing of 
Metallic Materials (A.S.T.M. Designa- 
tion: E&8-—46). An alternate method 
of determining yield strength may be 
used based on a total extension under 
load of 0.5 per cent. 

REVISIONS OF TENTATIVES 

The committee recommends that the 
following tentatives be revised as in- 
dicated: 

Tentative Specifications for Corrosion- 
Resistant Iron-Chromium Iron- 
Chromium-Nickel Alloy Castings for 
General A pplication (A 296 — 46 T): 


0 000 
Under Heat Treated “Types 410 ian 416, change to: 


Elongation 
in Four Times 
the Diame- 
ter, min., 
per cent 


! 
Reduction 
Area, 
min., 
per cent 


Tensile 
Strength, 
min., psi. 


Brinel! 
Hardness, 
mat. 


125 000 


| 120 000 | 13 


Section 14 (a). to 


follows: 


14. (a) Critical surfaces of all castings i 
tended for corrosion-resistant service shall % 
cleaned as agreed upon by the manufactue 
and the purchaser. Cleaning may be acco 
plished by blasting with clean sand or metal 
corrosion resisting shot or by other approve 
methods. 


Tentative Specifications for Heat-Ress 
ant Iron-Chromium and Iron-Chromiu 
Nickel Alloys for General Applicaiim 
(A 297 —- 46T):' 


| — f=: 
Type » | 
316 
«416... ] 
440... sent 
; pst. 
5 | 35 | 
45 
45 
feet 
13 try 
"| 
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Table [.—Make the following changes: cover, had been further revised and 
brought up to date ready for publica- 
ade 1 Change the carbon content Irom tion ‘The wrought data, however, had 
0.35 per cent” to “0.20 to 0.40 per cent 
e chromium content from “18,0 to 22.0 Still to be reconciled with the American 
it” to “18.0 to 23.0 per cent.” Iron and Steel Institute figures which at 
de 2.—Change the carbon content from that time were not available. At the 
1) to 0.45 per cent” to “0.20 to 0.50 per November meeting, committee members 
and the chromium content from ‘23.0 
71.0 per cent” to “24.0 to 28.0 per cent.” made a preliminary reconciliation be- 
rade 3.—Change the carbon content from tween the A.I.S.I. and the A.S.T.M. 
10 to 0.45 per cent” to “0.20 to 0.50 per cent.” figures and agreed to finish the work 


ade 4.—Change the carbon content from within the next two or three months, if 
0 to 0.45 per cent” to “0.20 to 0.60 per at all possible. 


- the chromium content from ‘23.0 to f : 
er cent” to “24.0 to 28.0 per cent” and the Although Subcommittee I held no 


content from “19.0 to 22.0 per cent” to meeting during the A.S.T.M. Spring 
to 22.0 per cent.” Group Meetings, it was able to report 
that everything but a few data on wire 
were ready for final editing and sub- 
mission to A.S.T.M. Headquarters. 

Subcommittee IV on Methods of Cor- 
rosion Testing: (F. L. LaQue, chair- 
man).—The principal activity of this 
subcommittee has been the organization 
of a symposium to be held at the Annual 
Meeting in June, 1949 ‘The topic is to 
be a critical appraisal of the tests com- 
monly used for the evaluation of the cor- 
he recommendations appearing in rosion resistance of stainless steels with 
report have been submitted to letter Particular regard to their relation to 
ot of the committee, the results of Practical experience with these alloys in 
ch will be reported at the Annual environments different from those of the 
ting,” tests, and the manner in which these 

relationships are influenced by steel 
ACTIVITIES OF SUBCOMMITTEES composition, especially very low-carbon 
content. 

A special subgroup made another in- 
spection of stainless steel as used in 
architectural applications in New York, 
Philadelphia, and Atlantic City. The 
report of this inspection is appended 
hereto. 

At the meeting of the subcommittee 
in March, it was decided to proceed with 
a comprehensive program of atmospheric 
wught steel va corrosion tests that have been under dis- 
publish It: cussion for some years. ‘The immediate 
step will be to secure the thousands of 
The letter ballot vote on these recommendations was  teSt specimens and get them prepared 


able; the results of the vote are 
quarters, the voteareonrecordatA.S.T.M. exposure when the test sites are ready 


native Specifications for Hot-Rolled 
Cold-Finished Corrosion-Resisting 
Bars (A 276 — 44 T):3 
Table 1.—Revise to read as given in 
eaccompanying Table I, deleting the 
resent footnotes 5, d, e, and f. 
Table [J.—Change the requirements 
rcold-finished types 302, 303 (selenium 
ring), 304, 316, 321, and 347 to read 
given in the accompanying Table II. 


ubcommitlee I on Classification of 
la: (F. P. Peters, chairman) held 
tings on June 22 and November 1, 
8, the latter exclusively in connection 
h work on the revision of the wrought 
‘| data compilation. At the June 
‘ling it was reported that the com- 
ition of data on cast steels, which had 
nin A.S.T.M. Headquarter’s hands 
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Subcommittee V on Mechanical Test- 
ing.—R. H. Heyer is now chairman, re- 
placing T. F. Olt. A comprehensive 
program to secure information on certain 
moot questions in the testing of stainless 
steel was set up at a meeting held in 
_ March, 1948. In July, prepared sheet 
tension test specimens were sent out to 
the cooperating laboratories. The last 
returns from these eight laboratories 
were received during February, 1949, 
and compiled in the form of a report 
which showed that: 

1. The method of controlling speed 
of testing by a schedule of time of test 
from yield to fracture gave much better 
agreement between the cooperating labo- 
ratories than other methods tried pre- 
viously. 

2. Offset yield strength determination 
is subject to errors caused by poor load- 
deformation curves and by difficulties in 
selecting the modulus line. The yield 


strength determined by 0.5 per cent ex- 


tension under load is somewhat less sen- 
sitive to the shape of the elastic portion 
of the curve. 

3. The sensitivity of several austenitic 
grades to speed of testing is a reflection 
of their sensitivity to temperature during 
plastic deformation, as evidenced by the 
results of the “damp cloth test” by R. A. 
Lincoln. All phases of the report were 
discussed at the meeting but no recom- 
mendations for specification changes 
were made, pending further study of the 
report. 

The results obtained in these four 
round-robin tension tests conducted by 
Subcommittee V have been published 
in the ASTM BULLETIN.’ 

Subcommittee VI on Metallography: 
(Russell Franks, chairman).——The work 
of this subcommittee has progressed to 
the point where all of the samples of the 
18 per cent chromium, 8 per cent nickel 
steels with and without molybdenum 


ASTM Bu tetin, No. 158, May, 1949, p. 57. 


have been exposed to high temper 
tures. These samples were held at 12 
to 1500 F. for 24 hr. and for 500 fy 
The samples so treated have bee, 
machined and Charpy impact test Speci. 
mens have been distributed to the ¢. 
operating laboratories for impact tests 
After the impact tests have been com. 
pleted the next step will be to distriby:, 
samples for metallographic examinatig; 
and X-ray diffraction tests to determin: 
the existence of sigma phase. This wor} 
will be carried on simultaneously wit 
etching experiments to determin 
whether an etchant can be found tha 
will identify the sigma phase by metally. 
graphic means so that it will not & 
necessary to resort to X-ray diffractior 
examination. 

Subcommittee VIII on Specification 
for Wrought Products: (J. K. Findley 
chairman) has been considering change: 
in the chemical composition requir: 
ments in Specifications A 276 covering 
hot-rolled and cold-finished  corrosior 
resisting steel bars and also is recom: 
mending certain changes in_ physic 
test requirements so that these can i 
adopted as standard, as given earlier 
this report. 

Subcommiltee 1X on Specifications 
Flat Products: (H. A. Grove, chairman 
recommended the changes in Specific 
tions A 176 and A 240 concerning yie! 
strength determination, given earlier 
this report. These changes would mit 
the 0.2 per cent offset method the pr 
erable one with 0.5 per cent under lo# 
the alternate method. The subc 
mittee also recommended the changé 
covering the mechanical property * 
quirements of type 410 in Specificatio 
A 240. The addition of two new gra 
to Specifications A 240 was considet 
but it was decided not to include tyf 
310, grade “R,” until certain differen 
in chemical composition between 
given and that desired by The Amen 
Society of Mechanical Engineers “ 
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On IronN-CHROMIUM, IRON-CHROMIUM-NICKEL, AND RELATED ALLOYS 


eolved. Type 405 is to be added to this 
ecification and designated as grade 
” The chemical composition is to be 
same as for the alloy in Specifications 
63. 
onsideration of the addition of other 
rades to Specifications A 240, including 
e 309, 0.08 per cent maximum carbon, 
pe 309 plus columbium and type 316 
jus columbium, is being further consid- 
red, and representatives of the subcom- 
ttee will meet with the A.S.M.E. Boiler 
le Committee for discussion as to 
enecessity of adding them to Speci- 
tions A 240 at the present time. 
‘ubcommittee X on Specifications for 
astings: (J. J. Kanter, chairman) held 
meeting on March 1, 1949, to review 
ther the differences between the 
emical composition of certain grades 
the two general casting Specifications 
2% and A 297, and as a result the sub- 
mmittee recommends acceptance by 
mmittee A-10 of the changes in com- 
sition detailed earlier in this report. 


Subcommittee XI on Specifications for 
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Tubular Products: (J. J. B. Rutherford, 
chairman) prepared with Committee 
A-1 on Steel the Tentative Specification 
A 312-48 T previously mentioned. The 
chairman of the subcommittee has al- 
so served in the capacity of chairman 
of the Subcommittee on Stainless Steel 
Pipe of the A.S.A. Sectional Committee 
B 36 on Wrought Iron and Steel Pipe. 
There will be available shortly an Ameri- 
can Standard on Stainless Steel Pipe 
which it is expected will be the A.S.T.M. 
Standard. 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 90 members; 52 members re- 
turning their ballots, of whom 50 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
JEROME STRAUSS, 
Chairman. 
H. D. NEWELL, 
Secretary. 


NOTE 


Subsequent to the Annual Meeting, Committee A-10 presented to the 
Society through the Administrative Committee on Standards the following 


recommendations: 


Revision of Tentative Specifications for: 


Corrosion-Resistant Iron-Chromium and [ron-Chromium-Nickel Alloy Castings for General Appli 


cation (A 296 - 49 T), and 


Heat-Resistant Iron-Chromium and Iron-Chromium-Nickel Alloy Castings for Genera! Application 


A 297 - 49 T). 


These recommendations were accepted by the Standards Committee on 
December 21, 1949, and the revised tentative specifications appear in the 
1949 Book of A.S.T.M. Standards, Part 1. 
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REPORT OF 


In order to obtain information on the 
behavior of corrosion-resistant steels 
under conditions of actual service, a 
special committee was appointed in 1937 


- to inspect several architectural installa- 


tions of stainless steel. The special 
committee has periodically inspected 
the installations at the Chrysler and 
Empire State Buildings in New York 


City, the Philadelphia Saving Fund 


Society Building in Philadelphia, and 
several building fronts along the board- 


walk at Atlantic City, N. J. 


Inspections of these installations were 
made in 1937, 1944, and 1947 and their 
condition reported in the 1939 and 1948 
Proceedings and in the “Symposium on 
Atmospheric Weathering of Corrosion- 
Resistant Steels.’” 

Observations made during the 1948 
inspection are summarized as follows: 


Chrysler Building, New York City, June 

8, 1948: 

The sheathing and trim on this build- 
ing were installed in 1929-30, and con- 
sist of type 302 stainless steel. Loca- 
tions examined were the observation 
platform on the sixty-first floor, where 


the gargoyles are located, the spire base 


on the level equivalent to the seventy- 
eighth floor, and store front and doorway 
installations on the street level. 

Due to the inaccessibility of the ex- 
ternal sheathing on the spire, a thorough 


1 Proceedings, Am. Soc. Testing Mats., Vol. 39, pp. 
197-202 (1939); Vol. 48, p. 137 (1948). 

2“Symposium on Atmospheric Weathering of Corro- 
sion-Resistant Steels,’”” Am. Soc. Testing Mats., April, 


SPECIAL COMMITTEE ON INSPECTION OF STAINLEss 
STEEL ARCHITECTURAL STRUCTURES 


examination of this section was jn. 
possible. However, the areas around 
the sliding door openings showed little 
or no attack, although the sheathing 
had a dirty gray appearance, most oj 
which is probably dirt and soot accumu. 
lation. Rubbing with a mild abrasive 
disclosed bright metal, with very shallow 
pits. 

On the sixty-first floor, discoloration 
similar to that in the spire was apparent. 
Areas near soldered joints in the gar 
goyle construction did not appear to be 
as discolored as areas some distance 
away from the joints. This was pr 
sumed to be due to cleaning of the orig. 
inal oil on the surface by an alkaline 
wiping after soldering. The areas nea 
soldered joints received such wiping 
while the remainder of the surface di 
not, and it is presumed that dirt accumt- 
lated to a greater extent on the oil 
surface. 

The stainless steel installations on the 
street level receive a cleaning twice é 
year, a water solution of “Spic and Span 
being employed currently. Flat su 
faces remain fairly bright, but ® 
crevices some slight amount of ms 
staining was evident. Such 
is not considered to be of a serious 
ture, and close examination revealed ot! 
very shallow attack at such spots. 

Window trim on the Lexington Av 
side and door sills at the entrance! 
Schrafft’s Restaurant on Forty-second *: 
have buckled due to the absence 
expansion joints in the construct 
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This is quite noticeable on the windows 
the Lexington Avenue side of the 
jing, and some of the spot welds, 
ated at regular intervals along the 
im, have broken loose, the trim having 
wavy appearance when examined at 
, acute angle. This occurrence il- 
strates the advisability of employing 
ansion joints in such applications 
re buckling due to expansion may 
ikely to occur. 


pire Stale Building, New York City, 
lune 8, 1948: 


his building, like the Chrysler Build- 
used type 302 stainless steel for its 
erior sheathing and trim. On the 
es of the building the vertical spand- 
sare stainless steel, while the hori- 
ital sections separating the windows 
recast aluminum. ‘The stainless steel 
s installed in 1931 and has not been 
aned since. Inspection included the 
undrels at the sixth-floor level, the 
servation platform on the eighty- 
th floor, sheathing on the tower at the 
e hundred and second-floor level, and 
enew spandrels on the seventy-eighth 
or, the site of the bomber crash in 
M5, 

In general, the same sort of discolora- 
mas on the Chrysler Building was 
served on the Empire State Building 
stallations. The spandrels on the 
‘uth floor level seemed to be somewhat 
arker in appearance than the installa. 
ms at the top of the building. Minute 
\ting of no serious nature could be 
en by the use of a magnifying glass, 
il the discoloration could be removed 
ya mild abrasive to disclose a bright 
surface. 

New stainless steel installations on the 
‘venty-eighth floor were brighter in 
ppearance than the original spandrels 
oth above and below. 

Sheathing on the tower at the one 
undred and second-floor level did not 
‘ppear to be as discolored as the sheath- 
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ing on the spire of the Chrysler Building. 
This may be due to less contamination 
of the atmosphere at the higher altitude. 

The building management representa- 
tive who accompanied the inspection 
group expressed the opinion that the 
stainless steel installations on this build- 
ing have been entirely satisfactory to 
date, and no future difficulties are antic- 
ipated. 


Philadelphia Saving Fund Society Build- 
ing, Philadelphia, Pa., June 9, 1948: 


This building was opened in 1932. 
A considerable amount of type 302 
stainless steel was employed both inside 
and outside as marquees, panels in 
entry ways, elevator panels, wall panels, 
escalator trim, facing of bank vaults, and 
kitchen equipment in the bank kitchen. 

The installations on the interior of 
the bank were observed to be in excellent 
condition, as reported previously. 

On the exterior installations the sur- 
faces which have received normal 
periodic cleaning, such as window trim 
and entry door panels, were found to 
be in excellent condition. However, 
ceiling trim in some of the store entrance 
ways had obviously not received periodic 
cleaning. Some rust staining was ap- 
parent and the horizontal surfaces were 
either rusty or dirty gray in appearance. 
Probably all of this could be readily 
removed by a good cleaning, and its 
recurrence prevented by including these 
surfaces in the normal exterior cleaning 
program. 


Boardwalk Store Fronts, Atlantic City, 
N. J., June 9, 1948: 


Perhaps the most interesting observa- 
tion made at Atlantic City was the great 
increase in the use of stainless steel for 
store fronts and exterior trim in the 
past few years. At certain sections of 
the boardwalk, every building partially 
or completely uses stainless steel trim 
on its exterior. A few of the store man- 
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agers stated that they were pleased with 
the metal’s performance but that they 
have to clean the metal periodically in 
order to overcome superficial rust stain- 
ing. Most store owners have formed 
the practice of cleaning their store fronts 
about once a week with soap and water. 
In a few instances where a highly lus- 
_ trous appearance is desired, such as at 
moving picture theaters, the metal is 
wiped off once a day. The Strand 
- Theater is one such installation which 
has received this attention, and the 
stainless steel shows no signs of pitting 


or other forms of deterioration after 
seven years. 


Some buildings, such as the Howard 
_ Johnson restaurant, are not in use during 
the winter and hence receive no main- 
tenance during that period. The in- 
spection group was informed that at this 
‘restaurant a covering of grease is ap- 
; plied on the stainless steel exterior, which 
protects it very well throughout the 
winter. 

At the duPont Exhibit Building, 

stainless steel exterior trim and panel 
_ was installed in 1936. A clear lacquer 
coating is applied about once a year to 
the stainless surface to eliminate the 
necessity of periodic cleaning. At the 
time of this inspection the present coat- 
ing had been on for a considerable time. 
It was apparent that the coating used 
had not given complete protection to 
_ the metal, and considerable rust staining 
was evident. The ceiling of the en- 
trance to the exhibit was badly rust 
; stained over a large portion of the sur 
face, but close examination revealed 
only shallow pitting of the surface. 
_ However, the appearance of such stained 
surfaces was not attractive. 

Other buildings inspected included 
the former Regis Restaurant, which is 
now the Tides Tavern, Gettleman’s 

- Store, which is now a drug store, and 
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the Apollo Theater. This latter build. 
ing has a stainless steel marquee, the 
ceiling of which contains grooves jp. 
dented in the surface so as to form, 
design. Although this marquee receives 
periodic cleaning, the grooves are some. 
what inaccessible and contain rust stains 
not removed by cleaning. 

Conclusions: 

The inspections of 18 per cent chro- 
mium, 8 per cent nickel stainless ste¢| 
architectural installations, some of which 
are 18 years old, indicate that for the 
most part this material will give a good 
account of itself if properly designed, 
installed, and maintained. Even when 
no periodic cleaning is practiced, such 
stainless steel may be expected to yield 
a long useful life, although it may be 
come dirty and develop incipient shallow 
pitting. Such pitting as has been ob- 
served is apt to be more prevalent in 
crevices where dirt may collect. , How- 
ever, there are no indications that the 
useful life of such installations is im- 
paired by such pitting. 

In seashore locations rust staining 
may be anticipated unless frequent 
periodic cleaning programs are carried 
out. But where such cleaning pr- 
grams are practiced, the stainless stee! 
may be maintained with its origina 
bright lustrous appearance indefinitely. 


Those participating in the 1948 i 
spection were: 
H. A. Grove 
G. D. Barrett 
Gathers 
R. E. Paret 
G. Pleam 
H. L. Priestley 
+ E. A. Tice 
Respectfully submitted on behalf 0 
the special committee, 
H. A. Grove, 
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REPORT OF COMMITTEE B-1 
ON 
WIRES FOR ELECTRICAL CONDUCTORS* 


‘ommittee B-1 on Wires for Electrical 
juctors held two meetings during 
year: one in New York, N. Y., on 
ril 14, 1949, and one in Atlantic City, 
J.,on June 30, 1949. Meetings of the 
isry Committee and of Subcom- 
tes IV, V, VI, and VII were also 
iduring the year. 
The committee reports, with deep 
eget, that during the year it lost the 
vices of three of its long-time active 
kers, two by retirement, and one by 
th. The two who retired were Alfred 
is and C. S. Gordon, chairmen re- 
tively of Subcommittees III and II; 
former with nearly 20 years’ service, 
‘the latter with 15. The death on 
muary 2, 1949, of J. R. Becker de- 
ved the committee of another mem- 
whose active participation in its 
k for more than 20 years will long be 
iembered. 
[he committee now consists of 73 
mbers, of whom 37 are classified as 
ducers, 26 as consumers, and 10 as 
eneral interest members. 
the Regulations Governing Commit- 
B-l were amended during the year 
permit election, by unanimous action 
the Advisory Committee, of not more 
‘1 five honorary members. An 
iorary member shall have performed 
eclally meritorious service as a mem- 
‘of the committee. 
Upon acceptance of this amendment to 
¢ Regulations, Messrs. Bellis and Gor- 


1 were elected honorary members of 
mmittee B-1, 


. resented at the Fi j 
ity, J J Annual Meeting of the 


At the April meeting, it was voted to 
discharge Subcommittee III after the 
June meeting and to distribute its work 
on rods to the respective conductor 


Subcommittees IV, V, VI, and VII. 


Subsequent to the 1948 Annual Meet- 
ing, Committee B-1 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


RECOMMENDATIONS ACCEPTED BY 
THE ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Tentative Revision of Standard Specifications for: 


Bronze Trolley Wire (B 9 — 46), 

Copper Trolley Wire (B 47 — 46), and 

Figure9 Deep-Section Grooved and Figure 8 Trol- 
ley Wire for Industrial Haulage (B 116 - 46). 


These recommendations were accepted 
by the Standards Committee on Septem- 
ber 29, 1948, and the tentative revisions 
appear in the 1948 Supplement to Book 
of A.S.T.M. Standards, Part I-B. 


REVISIONS OF TENTATIVES 


The committee recommends that the 
following four specifications be revised 
as indicated and continued as tentative: 


Tentative Specifications for Rope-Lay-Stranded 
Copper Conductors Having Bunch-Stranded 
Members, for Electrical Conductors (B 172 -—45 
T),! revised as follows: 

Section 3(c).—Delete all of this paragraph 
except the first sentence. 

Section 7 (a).—Change to read as follows: 

(a) Testsfor the physical and electrical prop- 


11946 Book of A.S.T.M. Standards, Part I-B. 
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erties of wires composing conductors made 
from annealed copper wire or from coated soft 
copper wire may be made before stranding, 
but not on wires removed from the conductor. 

Section 5 (c).—Delete this paragraph, relet- 
tering Paragraph 5(d) accordingly. 

Explanatory Notes.—Delete Note 5, renum- 
bering the subsequent notes accordingly. 

Tentalive Specifications for Rope-Lay-Stranded 
Copper Conductors Having Concentric-Stranded 
Members, for Electrical Conductors (B 173 - 47 
T),? revised as follows: 

Sections 3 (c) and 7 (a).—Make the same 
changes indicated above for Sections 3(¢) and 
7(a) of Specifications B 172. 

Explanatory Notes.—Delete Note 4, renum- 
bering the subsequent notes accordingly. 

Tentative Specifications for Bunch-Stranded Cop- 
per Conductors for Electrical Conductors (B 174 
- 45 T),' revised as follows: 

Sections 3 (c) and 7 (a).—Make the same 
changes indicated above for Sections 3(c) and 
7(a) of Specifications B 172. 

Explanatory Notes.—Delete Note 3, renum- 
bering the subsequent note accordingly. 

Tentative Specifications for Hard-Drawn Alumi- 
num Wire for Electrical Purposes (B 230-48 
T),® revised as follows: 

Section 6 (b).—-Change to read as follows: 

(b) Ten per cent, but not less than five coils 
or spools (or all if the lot is less than five) from 
any lot of wire shall be gaged at three places. 
If accessible, one gaging shall be taken near 
each end and one near the middle. If any 
of the selected coils or spools fails to conform 
to the requirements prescribed in Paragraph 
(c), all coils or spools shall be gaged in the man- 
ner specified. 

Sections 6 (c), 8 (b)(1), and Table I.— 
we the minimum wire size from ‘ ‘0.0180 

to “0.0105 in.”’ 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 

The committee recommends for im- 
mediate adoption revisions in the follow- 
ing six standards. The adoption as 
standard is also recommended of the 
tentative revisions’ in Specifications B 9, 
B 47, and B 116, as issued in September, 
1948. The committee accordingly asks 
for a nine-tenths affirmative vote at the 
Annual Meeting in order that these 


. x4 Supplement to Book of A.S.T.M. Standards, 

Part 

#1948 Supplement to Book of A.S.T.M. Standards, 
Part I-B. 
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recommendations may be referred , 
letter ballot of the Society. 


Standard Specifications for Hard-Drawn Copp, 
Wire (B 1 — 47) and for Medium-Hard-Dray, 
Copper Wire (B 2-47), revised by deletiny 
the last sentence of Section 5 (6) in both stan. 
ards. 

Standard Specifications for Hard-Drawn Copper 
Alloy Wires for Electrical Conductors (8 {(5 
— 47), revised by deleting the last sentence i 
Section 7 (b). 

Standard Specifications for Bronze Trolley Wir 

(B 9-46), revised as follows: 
Table IV.—Combine this table on area x 
quirements with the area and weight figure 
given in the new Fig. 1 showing the standard 
sections in the “tentative revision” referred 
to above. Renumber the- subsequent table 
accordingly. 

Section 9.—Change the references in this 
section from “Table IV” to “Fig. 1.” 

Standard Specifications for Copper Trolley Wir 
(B 47 — 46), revised as follows: 

Table IIT.—Make the same change indi 
cated above for Table IV of Specifications BY 

Section 9.—Change the references in this 
section from “Table IV” to “Fig. 1.” 

Standard Specifications for Figure-9 Deep-Se- 
tion Grooved and Figure-8 Copper Trolley Wir 
for Industrial Haulage (B 116-46), revised 
as follows: 

Tables III and IV.—Combine these table 
on area requirements with the area and weigh! 
figures given in the new Figs. 2 and 3 showing 
the standard sections in the “tentative rev- 
sion” referred to above. 

Section 5.—Change the references to Tables 
III and IV to Figs. 1 and 2, respectively. 


ADOPTION OF TENTATIVES AS 
STANDARD 

The committee recommends that the 
following one method and three 
fications be approved for reference \ 
letter ballot of the Society for adop 
tion as standard without revision. The 
specifications have stood for one ye! 
published as tentative, during which time 
no criticisms or suggestions for improve 
ment of a material nature have bees 


received. 


Tentative Method of Test for: 
Resistivity of Electrical Condecter Materia: 


(B 193 - 48 T). 
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ative Specifications for: 

red, Annular, Concentric-Lay-Stranded Cop- 
er Conductors (B 226 — 48 T), 
ncentric-Lay-Stranded Copper Covered Steel 
‘onductors (B 228 — 48 T), and 

led Aluminum Rods (EC Grade) for Electri- 
al Purposes (B 233 - 48 T). 


The committee recommends that the 
lowing five specifications be approved 
r reference to letter ballot of the 
‘ociety for adoption as standard with 
revisions as indicated: 


ntative Specifications for Concentric-Lay- 
Stranded Copper Conductors, Hard, Medium- 
Hard, or Soft (B 8- 48 T), with the following 
revision : 

Section 12.—In the first sentence, after the 
words “or lengths,” add “and number of 
lengths.” 

lentative Specifications for Soft Rectangular 
and Square Bare Copper Wire for Electrical 
Conductors (B 48 - 48 T), revise by the addi- 
tion of the following notes to the Explanatory 
Notes: 

Note 11.—‘Square mils” is a term used to 
express cross-sectional area of square and rec- 
tangular sections. Asquaremilis the areaofa 
square one mil on each side. Thus, if dimen- 
sions of a rectangular section are expressed in 
mils, the area of that section in square mils is 
the product of thickness times width. The 
relationship between circular mils and square 
mils is that of a circle to its circumscribing 
square. Thus, one circular mil = 0.7854 
square mils. 

Nore 12.—Square wire sizes sometimes are 
expressed in terms of A.w.g. sizes, as “No. 8 
Aw.g. Square.” This terminology is confus- 
ing and its use is not recommended. How- 
ever, when a square wire size is expressed in 
this manner, it refers to a square circumscrib- 
ing a circle whose diameter is that of a round 

_wire of the specified A.w.g. size. 

entative Specifications for Hard-Drawn Copper- 
Covered Steel Wire (B 227 —- 48 T), with the 
following revision: 

Section 12.—Change the heading to read 
“Packing and Marking,” and add the fol- 
lowing as a new Paragraph (c): 

(c) Each coil shall bear a tag showing the 
manufacturers’ name or trademark, size, and 
class of material. If additional information 
's to be required on the tags, it shall be 
arranged with the manufacturer at the time 

_ of purchase, 
Tentative Specifications for Concentric-Lay- 
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Stranded Copper and Copper-Covered Steel 
Composite Conductors (B 229 - 48T), witha 
revision in Section 4 (a), changing the maxi- 
mum length of lay from “18” to “‘20’’ times 
outside diameter. 

Tentative Specifications for Concentric-Lay- 
Stranded Aluminum Conductors, Hard-Drawn 
(B 231 — 48 T), revise by changing the heading 
of the second column in Table II from ‘‘Cop- 
per Conductivity Equivalent” to “Hard-Drawn 
Copper Equivalent.” 


TENTATIVE CONTINUED 
WITHOUT REVISION 
The committee recommends that the 
Tentative Specifications for Concentric- 
Lay-Stranded Aluminum Conductors, 
Steel-Reinforced (ACSR) (B 232 - 48 T) 
be continued as tentative.* 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.® 

ACTIVITIES OF SUBCOMMITTEES | 

Subcommittee I on Editorial and Rec- 
ords (A. A. Jones, chairman) continued 
its editorial review of specifications and 
is compiling a history of the committee’s 
activities. 

Subcommittee II on Methods of Test and 
Sampling Procedure (J. B. Dixon, chair- 
man) is recommending the adoption as 
standard of Method B 193 (for resis- 
tivity) and has a task group engaged in 
writing a suitable sampling procedure 
for B-1 Specifications and has prepared 
a preliminary draft based on statistical 
methods as developed by Committee 
E-11 on Quality Control of Materials. 
Extended trials now are in progress in 
the plants of a number of the producer 
members. When completed, this in- 
vestigation probably can be the basis 
of a technical paper sponsored by Com- 


proved by the Administrative Committee on Standarc 
see Editorial Note, p. 145. 

5 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at A.S.T.M, 
Headquarters. 


4 Revision of these specifications has since been ~ 
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mittee B-1 for presentation to the 
Society. 

Subcommittee IV on Conductors of 
Copper and Copper Alloys (H. H. Stout, 
Jr., chairman) prepared the tentative 
revisions of the three trolley wire 
specifications (B9, B47, and B 116) 
previously mentioned and is now recom- 
mending their adoption as standard. 


The subcommittee is also recommending 


the adoption as standard of Specifica- 
tions B 8, B 48, both with minor changes, 
and B 226, without change. 

The subcommittee has a task group 
which has started the preparation of a 
specification for the conductors of seg- 
mental-type, single-conductor cable in 
sizes up to, and including, 4,000,000 cm. 
The task group which prepared the 
recent revision of the trolley wire speci- 
fications is now quite active in the design 
of a suitable standard gage, ultimately 
to replace the slip fitting presently 
authorized for inspection. Another task 
group, working on adequacy of methods 
of determination of weights, areas, and 
resistivities in all B-1 Specifications, has 
completed its work, but has not yet 
reported its recommendations to the 
committee. 

Also in Subcommittee IV a task group 
on revision of significant figures in all 
tables of wire sizes has deferred work 
on this project, awaiting information 
from the National Bureau of Standards 
on the bases of calculation which will be 
used in the forthcoming revision of 
Circular No. 31. The bases to be 
used for electrical resistance values can- 
not be established until agreement is 
reached in the International Electro- 
technical Commission on how to treat 
the value of the ohm. In this connec- 
tion, a special task group of Committee 
B-1 was appointed during the year to 
consult with the Bureau of Standards on 
the revision of Circular No. 31. As a 
result of meetings and considerable 
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correspondence, a report was prepare; 
incorporating a number of recommend; 
tions for consideration by the Bureay ; 
revising Circular No. 31. 

Subcommittee V on Conductors , 
Ferrous Metals (L. H. Winkler, chai 
man) expects to complete a tentatiy, 
specification for the steel wire used {i 
reinforcement of aluminum cable belo, 
the end of the year. 

Subcommittee VI on Composite Coy 
ductors of Copper and Steel (C. } 
Ambelang, chairman) is recommendin 
the adoption as standard of Tentatiy: 
B 227 and B 229, with minor change 
and B 228 without change, as mentione 
earlier in this report. The subcor 
mittee has deferred writing a specific: 
tion for copper and _ steel composi 
conductors as there is no current deman 
for such specification. 

Subcommittee VII on Conductors : 
Light Metals (P. V. Faragher, chairman 
is collecting data on wire characteristic 
employing proposed sampling procedur 
based on statistical methods so that th 
sampling procedures requirements | 
B 230 (for hard-drawn aluminum wir 
can be improved. This _ specificatio 
with minor changes, and _ specificatio 
B 232 (for A.C.S.R.) are being continue 
as tentative but the subcommittee : 
recommending the adoption as standart 
of specifications B 231 (for aluminu 
stranded cable) and B 233 (for rolle 
aluminum rods—EC grade). 


This report has been submitted ' 
letter ballot of the committee, whit 
consists of 72 members; 55 members! 
turned their ballots, all of whom hav: 
voted affirmatively. 


Respectfully submitted on behalf « 
the 


J. H. Foot, 


A. A. Jon 
Secretary. 


Wires For ELECTRICAL CONDUCTORS 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee B-1 presented to the So- 
ciety through the Administrative Committee on Standards the recommen- 
dation that the Specifications for Standard Weight Zinc Coated (Galvanized) 
Steel Core Wire for Aluminum Conductors, Steel Reinforced (ACSR) be ac- © 
cepted for publication as tentative. 

This recommendation was accepted by the Standards Committee on 
December 22, 1949, and the new tentative appears in the 1949 Book of 
AS.T.M. ‘Standards, Part 2, bearing the designation B 245-49 T. 
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NON-FERROUS METALS AND ALLOYS* 


Committee B-2 on Non-Ferrous 
Metals and Alloys held one meeting, 
on June 24, 1948, in Detroit, Mich., 
during the Annual Meeting of the So- 
ciety. With this meeting of Committee 
B-2, E. E. Thum retired as chairman of 
the committee after twenty years of 
service as an officer, eleven as secretary 
and nine as chairman. Committee B-2, 
at the meeting, expressed to Mr. Thum 

its appreciation for his many years of 
service, and the Advisory Committee, at 
its meeting in August, by unanimous 

action appointed Mr. Thum an Honor- 


ary Vice-Chairman of Committee B-2. 
Since this June meeting, the work of - 
Committee B-2 has continued to 


handled by correspondence. 

The Advisory Committee met in New 
York, N. Y., on August 17, 1948, ap- 
proved changes in the membership of 

Committee B-2 and of the subcom- 
-mittees, and accepted reports of the 
work of the subcommittees. The Ad- 
visory Committee appointed a Special 

- Task Group, in March 1948, to revise 
the By-laws. The new By-laws, as further 
revised by the Advisory Committee were 
accepted by letter ballot of Committee 
B-2 on November 23, 1948. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1948 Annual Meet- 
ing, Committee B-2 presented to the 
Society through the Administrative 
Committee on Standards the following 
q recommendations: 


* Presented at the Fifty-second Annual Meeting of the 


: Society, June 27-July 1, 1949. 
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Revision of Tentative Specifications for: 
Soft Solder Metal (B 32 - 46 T), and 
White Metal Bearing Alloys (B 23 - 46). 


These recommendations were accepted 
by the Standards Committee on Septem. 
ber 29, 1948, and the revised tentatives 
appear in the 1948 Supplement to Book 
of A.S.T.M. Standards, Part I-B. 

The proposed Specifications for Metal- 
lic Antimony were accepted as tentative 
by the Standards Committee on Febru. 
ary 3, 1949. The new tentative specif. 
cations have been assigned the designa- 
tion B 237 — 49 T. 


REVISIONS OF STANDARDS, 

IMMEDIATE ADOPTION 

The committee recommends for in- 
mediate adoption revisions in the follow- 
ing two standards and accordingly asks 
for a nine-tenths affirmative vote at the 
Annual Meeting in order that these re- 
visions may be referred to letter ballot 
of the Society: 

Standard Specifications for Slab Zin 
(Speller) (B 6 — 48): 

Table I.—Add the following as a new 
Note 3 to this table: 

Norte 3.—Where it is specified by the buyerat 
the time of purchase that the special high-grade 
zinc is to be used for the manufacture of zint- 
base die-casting alloy ingot, the maximum per 
missible tin content shall be 0.002 per cent ani 


the maximum permissible lead content shall be 
0,005 per cent. 


Standard Specifications for Pig Le 
(B 29 — 43)2 

Section 6.-Change to read as follows: 

6. (a) One pig shall be taken to represei! 


each ton of lead in the lot. The pigs thus selects? 
shall be sampled by one of the methods é& 
11948 Supplement to Book of A.S.T.M. Standards 


Part I-B. 
21946 Book of A.S.T.M. Standards, Part I-B. 


REPORT OF COMMITTEE B-2 

| 
char 
agai 
Froy 
4), 

— 


On METALS AND ALLOYS 147 


ribed in the following paragraphs (6), (c), (d) _ cut at locations one-third the distance from each | 
d (e). Whenever the surface of the pigs to be __ end of the slab. 
impled is dirty, it should be cleaned so that If preferred, specimens may be obtained as 
ne of the dirt or foreign material gets into the _ follows: Prepare a hard glass tube fitted with a 
mple. large rubber bulb. Expel the air from the bulb 
(b) Sawing.—The pigs may be sawed com- and dip the open end of the tube into the molten 
etely through as illustrated in Fig. 1. The _ bath of lead. Allow enough of the molten metal 
wings from all the pigs shall be mixed thor- to enter the tube to form a metallic pin at least 
ighly and quartered and the samples for 5 in. in length. After the tube has cooled, break 
alysis taken from the mixed material. The _ the glass and clean the metallic pin prior to use 
wings must be free from all extraneous mate- for spectrographic or other examination. The 
4|, particularly iron introduced from the saw procedure may be used either in molten metal 
ade. All sawings must be treated with a strong __ resulting from the melting of sawings or drillings 
agnet in order to remove iron. or from the bath of molten metal while in use. 
(c) Drillings—The pigs may be drilled at (f) The minimum weight of sample required . 
ast halfway through from two opposite sides for chemical analysis is 600 g. (1800 g. for neces- __ 
illustrated in Fig. 2. A drill of about 4 in. in sary three samples). The sawings or drillings shall 
ameter is preferred. In drilling, the holes shall be mixed thoroughly and shall be divided into 7 
- spaced along a diagonal line from one corner __ three equal parts, each of which shall be placed 
‘the pig to the other. Sampling in this manner __ in a container and sealed; one for the manufac- 
ay be so arranged that one or more holes are turer, one for the purchaser, and one for an 4 
ade in each of several pigs of a group so placed —_ umpire, if necessary. 
mat they represent consecutive positions on the (g) In case of dissatisfaction, either party may 
iagonal of a single pig. (See illustration in require that the material be resampled in the ; 
ig. 2). The drillings may be clipped and mixed, __ presence of representatives of the manufacturer | 
nd the samples for analysis drawn from the and the purchaser. 
xed material; or they may be melted in a clean = 
rucible and either granulated by pouring into F — 2.- Delete all references to } 
istilled water and drying thoroughly, or cast ‘“‘punching”’ in the note and title of this 
nto thin slabs which shall be sawed through figure. 
ompletely in several places and the sawings 
reated as described in (b). ADOPTION TENTATIVES AS 
(d) Kettle.—The pigs, or portions of the lot STANDARD 
elected shall be melted in a clean kettle. The The committee recommends that the © 


ielt must be made at as low a temperature as following tentatives be approved for 
ossible in order to prevent excessive drossing. 


It is recommended that the temperature of the reference to letter ballot of the Society for : 

nelt not exceed 685 F. and that the molten bath adoption as standard, without revision. 

ve stirred immediately prior to the sampling.) 7 entative Specifications for: 

While stirring the bath, a sample in a preheated a ‘ ois 

adle may be taken and cast into thin sample bars W hite Metal Bearing Alloys (Known Commer- 

approximately 8 in. in length, 14 in. in width ; cially as Babbitt Metal ) (B 23 — 48 T),! ( 

ind not to exceed 3 in. in thickness. (See Note.) Soft Solder Metal (B 32 - 48 T),' and 

the hag cack. ener cuts Fire-Refined Copper for Wrought Products and 

’ 

ide, halfway across the slab. Saw cuts are to be Alloys (B 216 - 47 T).' 

‘taggered, so that they are approximately } in. REAFFIRMATION OF STANDARDS 

apart. The cuts shall be made so that no cut is a ‘ : 

closer than 1 in. to either end of the slab. fhe committee recommends reaffir- 
Note.—Molds for slabs may be made by mation of the following standards which ; ; 


placing two sections of steel channel, each section have been published for six years or 
hot to exceed 3 in. in thickness, on a steel plate 


and arranging the open side of each section of the longer without beh and which are 
channel so that the ends of the channels butt be continued as such: 
against a steel strip fastened to the steel plate. Standard Specifications for:? 
Such an arrangement will provide a mold into 
oe he duplicate samples may be cast and Ingots, and Ingot Bars (B 4 - 42), 

Pri samples may be removed easily. Electrolytic Copper Wire Bars, Cakes, Slabs, — 
peclrographic and Related Specimers— Billets, Ingots, and Ingot Bars (B 5 43) 
From slabs cast in accordance with Paragraph Nickel (B 39 - 22), : 


(d 
af approximately in. in 21947 Supplement to Book of A.S.T.M. Standards, 


width across the bar. These sections should be part I-B. 


Lake Copper Wire Bars, Cakes, Slabs, Billets, — 
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Rolled Zinc (B 69 - 39), 


-Lead-Coated Copper Sheets (B 101 — 40), and 
Electrolytic Cathode Copper (B 115 - 43). 
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TENTATIVE CONTINUED WITHOUT 
REVISION 
The committee recommends that the 
_ Tentative Specifications for Fire-Refined 
Casting Copper (B 72-47 T)* be con- 
tinued as tentative without revision 
pending clarification of the market con- 
dition for the material covered by these 
specifications. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 

- which will be reported at the Annual 
Meeting.‘ 
ACTIVITIES OF SUBCOMMITTEES 

Subcommittee I on Refined Copper 

(William E. Milligan, chairman) re- 

viewed the specifications under its juris- 
diction and made editorial changes, cor- 
relating them with the Tentative Classi- 
fication of Copper (B 224 — 48 T) in 
Specifications B 4, B 5, B 72, B 115, B 
170, and B 216. The subcommittee re- 
commended the adoption as standard 
of Tentative Specifications B 216. 

Subcommillee II on Refined Lead, Tin, 

Antimony and Bismuth (Sidney Rolle, 
chairman) prepared the Tentative Speci- 
- fications for Metallic Antimony (B 237 — 
_49T) mentioned above. As previously 
_ reported, the revised sampling method 
_ in Standard Specifications B 29 has been 
under review by Committee E-3 on 
Chemical Analysis of Metals. Com- 
mittee E-3 has approved this revision 
which is, therefore, recommended for 
immediate adoption. 

Subcommittee III on White Metals and 
Alloys (G. H. Clamer, chairman) re- 
viewed Tentative Specifications B 23 
and B 32, and recommended the adop- 
tion of both tentatives as standard with- 
out revision. 

4 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at A.S.T.M. 
ters. 
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Subcommittee IV on Refined Zinc ang 
Wrought Zinc (E. H. Bunce, chairman 
prepared the revision of Standard Speci 
fication B 6 which provides an additiona] 
control for special high-grade zinc when 
this grade is to be used in the manufac. 
ture of zinc-base die-casting alloy ingot, 

Subcommittee VI on Coated Metgl; 
(F. L. Scovill, Jr., acting chairman)— 
Mr. Scovill was appointed acting chair. 
man succeeding Griffith Williams, Jr. 
who resigned from the committee on 
transfer of his work to the Pacific Coast 
operations of his company. The sub- 
committee continued the review oj 
Standard Specifications for Lead-Coated 
Copper Sheet (B 101 — 40), which review 
aims to determine if revision of the speci- 
fications is necessary or desirable. 

Subcommittee VII on Refined-Nickel 
and High-Nickel Alloys, Cast and Wrought 
(O. B. J. Fraser, chairman) is revising 
the Tentative Specifications for Nickel- 
Copper Alloy Plate, Sheet, and Strip 
(B 127-41 T) and the Tentative Speci- 
fications for Nickel-Copper Alloy Rods 
and Bars (B 164 - 41 T).5 The reapproval 
of Standard Specifications B 39, as pre- 
viously indicated in this report, was 
recommended. The subcommittee is al» 
reviewing and revising the remaining 
specifications under its jurisdiction ani 
expects to recommend all the proposed 
revisions of these specifications in suci 
time that the revisions will appear in the 
1949 Book of A.S.T.M. Standards.’ 


This report has been submitted 
letter ballot of the committee, whic 
consists of 132 members; 82 members 
returned their ballots, of whom 79 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf « 
the committee, 

Bruce W. GONSsER, 

Chairmat. 


4 


— 


G. Howarp LEFEvre, 
Secretary. 


5 See Editorial Note, p. 149. 
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Subsequent to the Annual Meeting, Committee B-2 presented to the Society 
through the Administrative Committee on Standards the following recom- 
mendations: 


Revision of Tentative Specifications for: 


Nickel-Copper Alloy Plate, Sheet, and Strip (B 127 - 41 T), 
Nickel Rods and Bars (B 160 - 41 ws. = 
Nickel Cold-Drawn Pipe and Tubing (B 161 - 41 T), 7 


Nickel Plate, Sheet, and Strip (B 162 - 41 T), 

Nickel, Nickel- Copper Alloy, and Nickel- Chromium-Iron Alloy Seamless Condenser Tubes and Fer- 
rule Stock (B 163-41 T), 

Nickel-Copper Alloy Rods ‘and Bars (B 164-41 T), 


Nickel-Copper Alloy Cold-Drawn Pipe and Tubing .. 165 - 41 T), 

Nickel-Chromium-lron Alloy Rods and Bars (B 166 - 41 T), 

Nickel-Chromium-Iron Alloy Cold-Drawn Pipe and Tubing (B ap i 41 T), and 
). 


Nickel-Chromium-Iron Alloy Plate, Sheet, and Strip (B 168 - 41 


These recommendations were accepted by the Standards Committee on 
December 14, 1949, and the revised tentative specifications appear in the 1949 — 
Book of A.S.T.M. Standards, Part 2. ————? 
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REPORT OF COMMITTEE B-3 
ON 


CORROSION OF NON-FERROUS METALS AND ALLOYS* © 


Committee B-3 on Corrosion of Non- (N. L. Foltz, chairman) prepared the 


Ferrous Metals and Alloys held two revisions of Tentative Method B 117 E 
meetings during the past year: one in mentioned above. The subcommittee ™ 
Detroit, Mich., on June 24, 1948, and will continue to study possible revisions “ 
the other in Chicago, IlI., on March 2, in the salt spray method. A working 9 
. 1949. group is to be appointed to survey Pi 
7 The committee consists of 107 mem- present information and plan a test te 
bers of whom 87 are voting members; program. ot 
31 are classified as consumers, 38 as A working group has been appointed os 
; producers, and 18 as general interest to assemble information on the acetic 
members. acid-salt spray test as used for evaluating 
_ REVISION OF TENTATIVE METHOD the quality of plated coatings on zinc- 
base die-castings. 


The committee recommends that the Subcommittee VII on Weather (F. L. 
Tentative Method of Salt Spray (Fog) LaQue, chairman).—The principal ar- 
Testing (B117~44T) be revised, as tivity of this subcommittee was through 
appended hereto." a subgroup consisting of C. P. Larrabee 

TENTATIVES CONTINUED and O. B. Ellis who exposed specimens 
WitHout REVISION of iron and zinc at a number of test 


The committee also recommends that /0cations with the object of comparing 
the following two methods be continued the corrosivities of the atmospheres at 


as tentative without revision: the different test sites with respect to 
Tentative Methods of Test for: these two metals. In this program 
_ specimens have been exposed at Sandy 
fotal Immersion Corrosion Test of Non-Ferrous 

Metals (B 185 - 43 T), and Hook, N. J., State College, Pa., Brunot's 
Alternate Immersion Corrosion Test of Non- Island, Pittsburgh, Pa., Kure Beach, 

Ferrous Metals (B 192 - 44 T). N. C., Vandergrift, Pa., Kearny, N. J. 


The recommendations appearing in Middletown, Ohio; and on the roof of the 
this report have been submitted to letter Port of New York Authority Building, 
ballot of the committee, the results of New York, N.Y. 


which will be reported at the Annual The number of specimens exposed at 
Meeting.’ each site was sufficient for removals 0 
ACTIVITIES OF SUBCOMMITTEES groups after 1, 2, 4 and 8-yr. periods s 


that the test will be completed in 1956, 


with data being accumulated each yeat 

* Presented at the F “* second Annual Meeting of the i 

i by the S d ti i f th k of the 
Is revised method was accepted by the Society an Ss a continuation WOrK O 

appears in the 1949 Book of A.S.T.M. Standards, Part 2. on ee ee 


2 The letter ballot vote on these recommendations was Subgroup on instruments, its chairman 
favorable; the results of the vote are on record at A.S.T.M. 


Headquarters. O. B. Ellis has prepared a paper 0 


Subcommittee III on Spray Testing 


| 
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Effect of Weather on the Initial Cor- 
rosion Rate of Sheet Zinc which appears 
as an appendix to this report. 

A third group under the chairmanship 
of L. G. von Lossberg has been organized 
to prepare a summary of available in- 
formation on methods of measuring 
atmospheric pollution. 

Subcommittee VIII on Galvanic and 
Electrolytic Corrosion (L. J. Gorman, 
chairman).—It is expected that by the 
end of May, 1949, the subcommittee 
will have on exposure the specimens of 
Parts 1 and 2 of its program on galvanic 
tests of magnesium alloys coupled to 
other metals. Part 1 consists of the 


coupling together of disk specimens and 
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Part 2 consists of assemblies made by 
winding wires around a threaded rod 
to obtain galvanic coupling. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 87 voting members; 56 mem- 
bers returned their ballots, of whom 53 
have voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


K. G. Compton, 
Chairman. 


4 


A. W. Tracy, 
Secretary. 
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APPENDIX 
EFFECT OF WEATHER ON THE INITIAL CORROSION 


RATE OF SHEET ZINC 
By O. B. Exus? 


a 


SYNOPSIS 


The weight losses of 26 samples of sheet zinc exposed for periods of 28 days 
in a mild industrial atmosphere have been studied with relation to weather 
variations during the periods of exposure. There were five specimens in 
each sample. A multiple correlation analysis of the data has shown that the 
28-day weight losses can be correlated with the number of hours of rainfall and 
the number of hours the relative humidity was at or near 100 per cent during 
the first five days of exposure. Rainfall and humidity after the first five days 
were much less effective in determining the corrosion rate than that during the 
early part of the exposure. ‘The effect of the initial attack carries through to 
at least one year. Samples that had high initial corrosion rates showed higher 
corrosion rates after twelve months’ exposure than the samples that corroded 


initially at low rates. 


The weather conditions that resulted in great variations in the initial rate of 
attack on sheet zinc did not have a similar effect on the initial rate of corrosion 
of low-copper iron. 


There are indications that the rate of 
corrosion of metals is influenced by con- 
ditions of weather. It is a well-estab- 
lished fact that unprotected metals cor- 
rode more rapidly in a marine or in- 
dustrial location than in a rural com- 
munity. Weight loss determinations 
have shown that for a given location 
there may be wide fluctuations in cor- 
rosion rates from year to year. 

Larrabee (1)? has postulated that 
differences in corrosion rates are due 
to the length of time the surface is moist 
and the amount and nature of atmos- 
pheric contaminants. Copson (2) stated 
that the rate of corrosion depended on 
the quality and quantity of water reach- 

1Senior Research Engineer, Research Laboratories, 
Armco Steel Corp., Middletown, Ohio. 

The boldface numbers in parentheses refer to the 
list of references appended to this paper, see p. 167. 
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ing the metal surface. Dearden (3) has 
investigated the corrosion of iron at 
Derby and has apportioned varying 
percentages of total corrosion to several 
atmospheric and weather conditions 
Evans (4) referred to Vernon’s work on 
indoor corrosion of zinc, which showed 
the initial rates to be higher than the 
constant rate finally established. 

There is no reason to doubt that water 
is necessary for the corrosion of metals 
and that impurities in the water, whether 
it be rain or dew, have an influence 0 
the final rate of corrosion. 

The problem to be discussed in this 
paper is that of attempting to sort out 
some of the measurable variables 
weather and trying to fit them into ob 
served variations of weight loss for de 
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oN Errect OF WEATHER 


finite short periods of exposure in a 
single location. The effect of great 
variation in atmospheric contamination, 
such as the difference between rural and 
marine or industrial locations, is not a 
part of this discussion. 


In the spring of 1946, recording 


weather instruments were installed in 
the corrosion yard at Middletown, Ohio, 
so that representative weather data at 
the exposure location would be available. 
During the test, the weather instruments 


gave continuous records of temperature, 
relative humidity, rainfall, wind direc- 
tion, and wind velocity. At a later date 
4 pyrheliometer and a recording po- 
tentiometer were installed to measure 
specimen temperatures. In the early 
stages of the test, a special instrument 
was used to give an approximation of 


the length of time a specimen surface 
Was wet. 


WEATHER INSTRUMENTS 


A general view of the corrosion yard 
‘Showing the location of the weather 


Fic. 1.—Recording Weather Instruments and Shelters. 
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instruments with respect to the exposed 
specimens is given in Fig. 1. Recom- 
mendations of the United States Weather 
Bureau were followed in determining 
the unobstructed space between various 
instruments. Certain minimum dis- 
tances are necessary to prevent one 
instrument from interfering with an- 
other. 

The pyrheliometer is illustrated in 
Fig. 2. This instrument is, essentially, 
a differential thermocouple enclosed in a 


glass sphere. The active element con- 
sists of a disk and an annular ring, one 
blackened, the other white. The in- 
strument is calibrated against the 
Smithsonian Institute silver-disk pyrhel- 
iometer and records total solar radiation 
in gram calories per square centimeter 
per minute. In normal use the pyrheli- 
ometer is mounted in such a way that the 
plane of the absorbing and reflecting 
surfaces is horizontal. The specimens 
exposed in the corrosion yard are inclined 
at an angle of 30 deg. facing south. 
Therefore, the pyrheliometer was 
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mounted in a similar manner at aheight drains through a funnel into a receiver, 
above ground equal to that of the center The receiver is mounted on a recording 
specimen on the corrosion frames. Read- balance calibrated to read inches of 
ings obtained from this instrument are rainfall. The recording cylinder is 
directly related to the solar radiation driven by a clock movement to record 
incident upon the corroding specimens. both the time of rain and the amount of 
The value of total radiation data in its precipitation. The rain gage has a 
total capacity of 12 in. of rainfall, which 
is ample for a seven-day period. During 
the winter months the funnel is removed, 
so that snow and sleet pass directly into 


WE, 


Fic. 3. nla Rain Gage. 


? 


the receiver and are recorded as equiva- 
lent rainfall. Total rainfall is one 
weather factor most commonly referred 
to in trying to characterize the cor 
rosivity of an atmospheric exposure 
location. Dearden’s work and the data 
to be discussed here indicate that total 
application to corrosion of metals has rainfall is of less importance than some 
not been studied at this time. other factors. 

The recording rain gage is shown in The shelter containing the thermom- 
Fig. 3. This is a conventional type eter and hygrometer is shown in the 
instrument. The rainfall is received lower right-hand corner of Fig. 1. Thes 
through an 8-in. diameter opening and are standard instruments enclosed in 4 
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standard type shelter. The tempera- 
ture sensitive element is a phosphor- 
bronze Bourdon tube filled with alcohol. 
The element is freely exposed outside 
the instrument case. The recording 
mechanism is clock-driven. 

The hygrograph uses human hair as 
the moisture sensitive element. Al- 
though the hair element is quite sensitive 
0 changes in relative humidity, it is 
not entirely satisfactory. In outdoor 
exposures the element becomes covered 
with dirt and soot. The hairs break, 
necessitating a complete overhaul of the 
instrument. 

One anemometer and the wind vane 
are shown in Fig. 4, together with the 
shelter house for their recording in- 
struments. This shelter also encloses 
the potentiometers for the pyrheliometer 
and the thermocouples attached to 
several specimens. ‘The anemometer ad- 
jacent to the wind vane records wind 
velocity only. It is not activated by 
winds of less than 3 mph. and cannot 
be used to determine average wind 
velocities. A separate anemometer of 
the totalizing type is used for this pur- 
pose. All instruments are mounted 
fairly close to the ground surface near 
the corroding specimens. 

A question frequently asked is: What 
is the maximum temperature reached 
by a specimen exposed to direct sun- 
shine? The temperature would of course 
be determined by the intensity of the 
sunshine and the nature of the exposed 
surface, although other weather condi- 
tions also would have some effect in 
permitting a specimen to become hotter 
or to cool it. To obtain data on speci- 
men temperatures, several materials 
were prepared with small copper-con- 
stantan thermocouples affixed to one 
surface. These were exposed with the 
thermocouples on the groundward side. 
Temperatures of the various specimens 
were recorded on a multiple point re- 
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cording potentiometer. These data will 
not be used in this paper but rather a 
specific example will be given here. On — 
August 18, 1947, at 1:20 p.m. the air — 
temperature was 93 F., and the solar 
radiation was 1.24-g. cal. per sq. cm. per > 
min. The temperature recorded for a 
4 by 6-in. specimen of 18-8 stainless 
steel, No. 20 gage, with a No. 7 polish, — 


Fic. 4.—Anemometer and Wind Vane. ie 
steel which had been chemically black-. 
ened reached 152 F. and a piece of 
corroded No. 16-gage iron 131 F. 

The last weather instrument to be 
described was designed to record the 
length of time that the surface of a 
specimen was wet, either by rain or dew. 
The active surface was a 4 by 6-in. pyrex 
glass plate with five parallel metallized 
strips on the skyward surface. Alternate 
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strips were connected and a small 
potential applied. When the surface 
of the plate was wet, the decrease in 
resistance caused a thyratron tube to 
fire, actuating a relay connected to a 
recording mechanism. When the plate 
became dry, a second thyratron tube 
actuated a second relay and the record 
was discontinued. 

This instrument worked reasonably 
well for several months. However, the 


small amount of current that flowed 
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did not become wet or dry exactly at the 
same time as a specimen of zinc or iron; 
yet the record did provide some valuable 
data as will be shown later. 


PLAN OF INVESTIGATION 

This investigation was planned to 
cover a period of, two years. Because 
of the great variation in weather over 
long periods of time, it was thought that 


the most valuable information would be 
obtained from exposures of short dura- 


Average Weight Loss, oe 


Standard 
Deviation 


across the gaps when the plate was wet 
corroded the metallized strips. The 
dry residue of corrosion products con- 
tinued to conduct enough current to 
prevent the second thyratron from 
discontinuing the record. This instru- 
ment has been redesigned to work using 
alternating instead of direct current. 
The new instrument appears to be work- 
ing satisfactorily, although it has not 
been in use long enough to accumulate 
sufficient data for a proper evaluation. 


It is quite probable that the glass plate 


Fic. 5.—Control Chart of Weight Losses and Standard Deviations of 26 Samples of Sheet 
Zinc. 


tion. Therefore, the basic exposure 
period was four weeks. ‘The plan of er 
posure and removal of specimens was 
such that initial 28-day weight losses 
as well as accumulated weight losses 
would be available up to a maximum 
period of two years. Samples of five 
specimens each or iron and zinc wert 
exposed. The test was started on Mor 
day morning, April 15, 1946, and com 
pleted on Monday morning, April 12 
1948. More than 4000 individual 4 
by 6-in. specimens were exposed. 
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During the early planning of this 
there was some doubt 
zinc as one of 
Earlier experiences 
th sheet zinc exposed in a similar 
ation has indicated that the weight 
s for a 28-day period_should be rela- 


in- 


Even so, zinc was 


this discussion. 


First removal of zinc showed a weight 
ss reasonably close to the anticipated 


DATA 


BLE I.-TWENTY-EIGHT DAY WEIGHT LOSSES AND STANDARD DEVIATIONS OF SHEET ZINC AND 
WEATHER DATA FOR THE EXPOSURE PERIODS. 
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tively and the average of the 26 samples 
is shown as a solid line at approximately 
0.093 g. The 3o limits, calculated as 
described in the A.S.T.M. Manual on 
Presentation of Data,’ are drawn on 
either side of the average with a dashed 
line. It will be noted that only two of 
the 26 averages lie within these limits. 
The control chart for standard devia- 
tions is given in the lower part of Fig. 5. 
All standard deviations, except two, lie 
within the calculated limits. 

Highest weight loss was 0.280 g. ob- 
tained in the 28-day period between 
July 8 and August 5, 1946. Lowest 


Date 


Exposed 


ptember 30, 1946....... 


tober 28, 1946 


wember 25, 1946 
ccember 23, 1946 
anuary 20, 1947 . 
ebruary 17, 1947 


pril 14, 1947..... 
ay 12, 1947 
ne 9, 1947 


ily 7, 1947 

ugust 4, 1947 
ptember 1, 1947. 
ptember 29, 1947 


coruary 16, 1948 


larch 15, 1948 


Average 
Weight 


expected, 


over a wide range. 


The initial 28-day weight loss data 
ftom the sheet zinc are shown in Fig. 5 


and in Table I. 


‘alu. The second set of specimens, 
wwever, lost more weight than had been 
It soon became evident that 
‘ne initial 28-day weight loss data from 
“leet zinc were very erratic, indicating 
‘at the initial corrosion rate varied 


Weight losses are plotted consecu- 


| Average Average Average 
Win Relative Temper- my 
Velocity, | Humidity, ature, 
mph. per cent | deg. Fahr. m. 
0.012 4.9 78 53 3.4 
0.020 5.2 81 61 5.5 
0.003 3.9 83 70 5.2 
©.016 2.8 80 72 1.7 
0.018 3.4 78 65 3.7 
0.033 2.9 74 64 0.9 
0.008 3.0 73 54 2.0 
0.012 4.2 78 47 2.0 
0.021 4.2 80 36 3.8 
0.001 $.3 88 33 4.4 
0.003 7.7 79 29 1.9 
0.002 6.7 81 27 0.7 
0.003 6.9 76 43 3.8 
0.003 5.3 79 51 6.5 
0.013 4.2 84 65 12.7 
0.002 3.2 80 71 4.1 
0.014 3.4 83 71 6.4 
0.015 2.4 88 77 1.8 
0.005 3.0 83 66 2.8 
0.006 2.8 80 61 0.3 
0.008 4.6 84 43 3.9 
0.004 4.7 82 30 1.2 
0.002 4.9 89 27 2.3 
0.004 3.9 88 20 3.4 
0.004 5.8 86 35 2.0 
0.003 5.8 89 52 9.4 


weight loss, 0.035 g., was obtained be- 
tween February 16 and March 15, 1948. 
The ratio of maximum to minimum 
weight loss is 8 to 1. 

Weight loss data for the iron samples 
exposed for 28-day periods are shown in 
Fig. 6. The average and 3 o control 
limits are shown as in the previous figure. 
Notice that 23 of the 26 weight losses 


8 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, 
P. , (1933); also issued as separate pamphlet, STP No. 
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Average Weight Loss, 9 


Deviation 


Fic. 6.—Control Chart of Weight Losses and Standard Deviations of 26 Samples of Iron. 
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Fic. 7.— Weight Losses of 26 Samples of Sheet Zinc Together With Weather Variations oa the Same 
Exposure Periods. 
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ie outside the control limits, while two 

f the standard deviations are outside 
ie control limits for standard devia- 
ons. The highest weight loss of iron 
as 1.76 g. for the period August 4 to 
september 1, 1947. The lowest weight 
ss was 1.04 g. for the period February 
16 to March 15, 1948. The ratio of 
maximum to minimum is 1.7 to 1. 

The conclusion to be drawn from the 
lata presented in Figs. 5 and 6 is that 
the samples are consistent within them- 
sglves but vary considerably one to the 


0.6 


Because of the great variation in 
weight loss from one sample of zinc to 
the next in the early part of the test, 
subsequent exposures were observed al- 
most daily. It was noted that some 
samples appeared quite different from 
other. These differences became ap- 
parent within the first week of exposure. 
Some samples developed a_ peculiar 
spotted condition on the skyward sur- 
face. Others developed a uniform thin 
coating of corrosion products. It was 
found that those samples with the 
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Weeks Exposed 
Fic, 8.—Time-Corrosion Curves of Sheet Zinc Showing that Rate of Corrosion is Affected by the 
Severity of Initia] Attack. 


other because of variations in external 
conditions. 

The consecutive 28-day weight losses 
for sheet zinc plotted against several 
weather variables are shown in Fig. 7. 
The data also are tabulated in Table I. 

It will be noted that there is no ap- 
parent correlation between the weight 
loss data and any of the several weather 
data. However, with weight losses 
varying as much as 8 to 1, there should 
be some combination of weather factors 
that could be used to explain at least 
of the variance. 


7 


spotted condition corroded at a more 
rapid rate than the others, which led a 
the two most interesting observations 
in the test, noted below. 

The first was that the initial attack on 
zinc affected its subsequent rate of cor- 
rosion. In Fig. 8 are shown time- — 
corrosion curves of several samples ex- — 
posed at different times. The upper 
curve represents the average weight loss _ 
of two samples of zinc that showed 
high 28-day weight losses. The lower 
curve is the average of five samples of 
zinc that showed low initial weight losses 
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rt 
0 816 28 56 84 2 140 168 
Days Exposed 


-Time-Corrosion Curves of Two Samples of Sheet Zinc Showing High and Low Initial Rates 
of Corrosion. 


Fic. 9. 


Days Exposed 


Fic. 10.—Initial Time-Corrosion Curves of Two Samples of Iron Exposed on Different Dates. Nott 
Similarity of Corrosion Rates. 
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The center curve is the average of 
several samples showing initial weight 
losses Of intermediate values. It will 
e noted that the slopes of the curves 
fter the initial 28-day period are differ- 
t. Samples that suffered the more 
vere attack initially continued to cor- 
de at a higher rate than those which 
re less severely corroded initially. 
Those samples which initially corroded 
an intermediate rate very nearly 
parallel those starting at a higher rate. 
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former. This ratio decreased to five 
times at 28 days, although the numerical 
difference between the weight losses of 
the two samples continued to increase. 

The second observation of interest 
was that the conditions of weather which 
resulted in severe or mild initial attack 
on sheet zinc did not have the same 
effect on iron. Comparative time-corro- 
sion curves of samples of iron exposed on 
different dates are shown in Fig. 10. 
In Fig. 11 are shown time-corrosion 


0.2 


Weight Loss, gq. 


| 


O 


_Inorder to determine the effect of the 
ust few days of exposure, a number of 
samples were exposed for periods of 4, 
§ and 16 days. The time-corrosion 
curves of two samples of zinc attacked 
it different rates are shown in Fig. 9. 
the sample represented by the lower 
‘urve was exposed February 17, 1948; 
‘te sample represented by the upper 
“uve was exposed August 4, 1947. 
in the first four days the latter sample 
“st 15 times as much weight as the 


i 
4 8 16 

Days Exposed 


fic. 11—Initial Time-Corrosion Curves of Two Samples of Sheet Zinc Exposed on Same Dates as 
Irons Shown in Fig. 10. Note Great Dissimilarity of Corrosion Rates. 
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curves of samples of sheet zinc exposed p 
on the same dates as the iron samples of 
Fig. 10. Note that there is only a _ 
slight difference in the corrosion rates of © 

the two samples of iron, but there is a 
very large difference in the corrosion | 
rates of the two samples of zinc. This — 
is an excellent group of samples to 
demonstrate that the same weather | 
conditions are apt to produce vastly 
different initial corrosion rates on zinc 
and iron. 
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DISCUSSION OF DATA 


While a detailed study of the effect of 
weather on initial weight losses has been 
made for the samples of sheet zinc in- 
cluded in this test, no analysis of the 
weight loss data from the short ex- 
posures of iron has been made up to this 
time. 

Early observations of the behavior of 
zinc samples during the first few days of 
exposure indicated that the probable 
rate of attack for the first four weeks 
could be estimated from the appearance 


and dry condition provided by the “wet 
meter” was not perfect because ther 
was some question whether the glass 
plate became wet or dry in the same 
manner as a corroded metal specimen 
It probably did not. Furthermore, the 
equipment did not provide a record 
throughout the test for reasons which 
were described earlier. 

In order to obtain data for the entire 
period of test, which would be compar. 
able to that recorded by the wet meter, 
the various weather records were studied, 


Hours of Rain - First Five Days 


Fic. 12.—Weight Loss of Sheet Zinc versus Hours of Rainfall for the First Five Days of Exposure 


Adjusted to Average Values of Hours of 100 per cent Relative Humidity for Five Days, Hours Rainfall After t 
First Five Days, and Hours of 100 per cent Relative Humidity After the First Five Days. 


of the samples during the first week of 
exposure. If these observations were 
correct, then it should be possible to 
_ explain some of the variation between 
different exposures on the basis of the 
variations in weather conditions during 


_ the first few days of exposure. 
_ Therefore, the 28-day weight losses 
on the zinc samples were studied with 
relation to the weather during the first 
week of exposure. It was found that a 
correlation did exist between the 28-day 
weight losses and the number of hours 
_ wet, as indicated by the wet or dry con- 
dition of the glass plate, for the first 
few days’ exposure. The record of wet 


From the rain-gage chart the number 0! 
hours’ duration of rainfall could be & 


timated. The hygrometer record gavt 
the number of hours that the relative 
humidity was at or near 100 per cet 
Observations made late at night and 
early in the morning indicated that the 
condensation of dew on the specimets 
and its subsequent evaporation {0 
lowed the relative humidity curve ve) 
closely. ‘The combination of these date 
gave results in close agreement with tht 
estimates of hours wet as recorded by 
the wet meter. These data were the 
used to study the variations in int 
28-day weight loss of sheet zinc. 


° 
3, 


-ELLIs ON EFFECT OF WEATHER ON CORROSION OF SHEET ZINC 163 — 


A multiple correlation study of several of multiple correlation analysis by a 
uriables is a slow and tedious procedure graphical procedure. Taylor (6) has 
y the usual methods of correlation discussed the practical application of 
inalysis. Ezekiel (5) describesa method this procedure. The first step in this 
method of analysis consists of making a 
simple correlation between observed 
weight loss and each of the variables. 
A line is drawn to represent the effect of 
the variable on weight loss. From this 
line the effect of that variable is esti- 
mated, and the weight losses are cor- 


able. Corrected weight losses are then 

plotted against another variable, and a 

similar correction ismade. After several 

approximations, the shape of the curve 

becomes static. From the final curves 

the effect of each variable, independent 

of the others, is evident. 

| The 28-day weight losses of the sheet 

40 _ zinc were studied in that manner with 

Meurs Setereted Reletive ‘elation to: (1) the number of hours of 

Humidity - 5 Doys rain and (2) the number of hours that 

KG. 13.—Weight Loss of Sheet Zinc versus Hours the relative humidity approached satura- 

of 100 per cent Relative Humidity tion during the first five days’ exposure. 

for the First Five Days. Later the number of hours of rain and — 
Adjusted to Average Values cf Hours Rainfall for the . ° 
‘st Five Days and Last Twenty-three Days and Hours the number of hours the relative hu- 


100 per cent Relative Humidity After the First Five +9: 
Relative Humidity After the First Five oidity was at or close to 100 per cent 
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50 100 
Hours Rain- 23 Days 
Fic. 14, -Weight Loss of Sheet Zinc versus Hours of Rainfall After the First Five Days. 


Madiusted to Average Values of Hours of Rainfall and 100 per cent Relative Humidity for the First Five Days and 
4s of 100 per cent Relative Humidity after the First Five Days. 
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rye 
4 
§ 
| 
| 
re) 
Oo ‘4 
= 005 
(a 


Weigh Loss, g 


nn 


$ 


50 100 150 
Hours Saturated Relative Humidity - 23 Days 
Fic. 15.—Weight Loss of Sheet Zinc versus Hours of 100 per cent Relative Humidity After the Firs 
Five Days. 


Adjusted to Average Values of Hours of Rainfall and 100 per cent Relative Humidity for the First Five Days and 
Hours of Rainfall after the First Five Days. 


TABLE II.—COMPUTATION OF FUNCTIONAL VALUES CORRESPONDING TO INDEPENDENT VARI- 
ABLES, OF THE ESTIMATED VALUE OF Xo, AND THE KESIDUAL, FOR EACH AVERAGE VALUE OF X: 


BS(X) = (Xr) + J(Xa) + J(Xa) + f(Xa) X2 = Hours relative humidity at 100 per cent during first 

x, = Estimated weight loss 5 days of exposure 

Xo = Observed weight loss Xs = Hours of rain during last 23 days of exposure 

Xi = Hours of rain during first 5 days of exposure X« = Hours relative humidity at 100 per cent during last 
23 days of exposure 


zf(X) 
+e= 


xf(X) 


0.074 
0.234 
0.080 
0.063 


0.074 
0.031 
0.031 
0.095 


0.206 
0.100 
0.058 
0.031 


sco cocoon 


coon 
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] 
ain 
° 
= 
8 0 136 38 V.Ule V.U6l VU.Val 
57 0 62 32 0.073 | 0.084 | 0.080 | 0.471 | 0.212 | 0.190 | -0.022 
9 10 48 94 0.083 | 0.087 | 0.093 | 0.343 | 0.084 | 0.038 | —0.04 
6 47 26 117 0.200 | 0.091 | 0.098 | 0.512 | 0.253 | 0.280 | 0.027 
8 | 2 23 151 | 0.101 | 0.092 | 0.105 | 0.372 | 0.113 | 0.134 | 0.02 
0 32 12 104 0.134 | 0.093 | 0.095 | 0.353 | 0.094 | 0.098 | 0.00 
0 7 33 105 0.079 0.090 0.095 0.295 0.036 0.050 0.014 
| 12 10 40 | 92 0.083 | 0.088 | 0.093 | 0.359 | 0.100 | 0.075 | —0.025 
38 169 26 0.980 | 0.066 | 0.078 | 0.430 | 0.171 0.180 0.009 
13 139 56 0.073 0 072 0.085 0.330 0.071 0.054 | —0.017 
5 29 34 0.098 | 0.090 | 0.080 | 0.326 | 0.067 | 0.057 | —0.010 
0 65 6 0.073 | 0.084 | 0.074 | 0.262 | 0.003 | 0.050 | 9.04 
14 130 | 72 0.073 | 0.073 | 0.088 | 0.340 | 0.081 | 0.036 | —0.045 17 
12 56 | 48 0.095 | 0.073 | 0.085 | 0.083 | 0.336 | 0.077 | 0.039 | —0.0% 
18 93 | 48 0.127 | 0.079 | 0.079 | 0.083 | 0.368 | 0.109 | 0.099 | —0.0l0 
3 17 | 76 0.048 | 0.076 | 0.092 | 0.088 | 0.304 | 0.045 | 0.047 | 0.02 
16 15 100 | 0.116 | 0.078 | 0.093 | 0.094 | 0.381 | 0.122 | 0.125 | 0.00 
6 17 | 95 0.063 | 0.082 | 0.092 | 0.093 | 0.330 | 0.071 | 0.067 | 0.0% 
0 11 | 43 | 0.031 | 0.083 | 0.093 | 0.103 | 0.310 | 0.051 | 0.059 = 
24 35 28 «= «0.159 | 0.087 | 0.089 | 0.078 | 0.413 | 0.154 0.169 | 0.01 
| 
7 35 | $3 0.068 | 0.073 | 0.089 | 0.084 | 0.314 0.055 | 0.038 | -0.0 EE were 
0 31 93 | 0.031 | 0.080 0.090 | 0.093 | 0.294 0.035 0.060 - 
2 62 108 | 0.031 | 0.075 | 0.084 | 0.096 | 0.296 | 0.037 0.073 pe ent 
| | 107 | 0.031 | 0.090 | 0.084 | 0.096 0.301 | 0.082 | 0.035 | 0.00 
| | 
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ring the last 23 days of exposure were number of hours of rain on the weight 


died also. oss of zinc during the first five days. 
During the detailed study of the vari- These data have been corrected to 
s data, it was found that two of the 26 average values of the other variables, so 


Observed Weight Loss, a 


0.15 025 
Calculated Weight Loss, gq. 


Explained Variance, per cent 


| | | 


0 | 2 3 4 5 6 
Number of Days 


‘S.17.—Per Cent Explained Variance of 24 Samples of Sheet Zinc versus Weather Conditions During 
the First Week of Exposure. 


‘mples of zinc corroded at rates that the relationship shown is that of rain 

ud not be explained by any of the only. 

irables studied. These two samples Figure 13 revdals the effect of the 
g ‘te not considered in any of the subse- number of hours of relative humidity of 


ent analyses, 100 per cent for the first five days. 


ln Fig. 12 is shown the effect of the ‘This curve also has been adjusted to 
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average values of the other variables, 
which means the effect is one of hu- 
midity alone. It will be noted that 
increased time of exposure to conditions 
leading to condensation on the speci- 
mens results in greater weight loss of 
sheet zinc. 

Figure 14 shows the effect of the num- 
ber of hours of rainfall after the first 
five days of exposure. 

Figure 15 shows the effect of 100 per 
cent relative humidity after the first 
five days. It will be noted that these 
variables are of considerably less im- 
portance than rain and 100 per cent 
relative humidity during the first five 
days. 

The independent variables studied 
and the computation of the functional 
values are shown in Table II. The 
tabulation and calculations follow the 
methods described by Ezekiel. 

The plot of the calculated versus ob- 
served weight losses is shown in Fig. 16. 


If the calculated values were in per- 
fect agreement with the observed values, 
all points would lie on a straight line 


inclined at an angle of 45 deg. De- 
viation of points from this 45-deg. line 
is a measure of the extent to which the 
observations are not explainel by the 
relations shown in Figs. 12, 13, 14, and 
15. By calculation, 84 per cent of the 
total variance of the 28-day weight losses 
of 24 samples of sheet zinc is explained. 

For convenience in plotting the data, 
the averages of each sample of five 
specimens were used. If, for the final 
estimate, the weight losses of the 120 
specimens were used, then the explained 
variance decreases to 82 per cent. With 
so large a sample the observed correla- 
tion is not greatly different from the 
probable minimum correlation of the 
universe, and the results are highly 
significant. 

Previous discussion has centered on 
the effect of the weather during the 
initial five-day period on 28-day weight 


losses. Similar correlation analyses wer 
made of the effect of weather during | 
2, 3, 4, 5, 6, and 7-day periods. Resyj; 
of these analyses are shown in Fig. 11 
Observe that any of these time period 
explains more than 40 per cent of th 
variance within the group of zinc sam 
ples exposed for 28 days. However, th 
weather during the first 4, 5, or 6 day 
explains more than 80 per cent of th 
variance within the group of samples, 

The significant part of this study ; 
that more than three fourths of th 
variation found in the initial weig) 
losses of sheet zinc can be explained o 
the basis of certain weather phenomen 
for the first few days of exposure. Th 
rest of the variation may be attributed 
to other factors, such as variations ; 
atmospheric contamination, temper: 
ture, sunshine, wind direction and vel« 
ity, and factors still unknown. 


SUMMARY 


Summarizing, it has been shown tha 
the initial rate of corrosion observed o 
sheet zinc exposed for short periods « 
time varied considerably. Weather cor 
ditions that produced these great vari- 
tions in the behavior of zinc did n0 
result in similar variations in the init: 
corrosion rate of iron. The rate of 
rosion of zinc after the initial exposu 
was affected by the severity of the initi 
attack. Finally, the great variati 
found in the initial 28-day weight loss 
of 26 samples of zinc exposed conset 
tively has been partly explained on t! 
basis of four factors of weather: 

1. The number of hours of rainls 
during the first five days of exposure, 

2. The number of hours of high re 
tive humidity conducive to condens 
tion of dew during the first five days' 
exposure, 

3. The number of hours of rail 
after the first five days of exposure, 0 

4. The number of hours the relat! 
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midity was near 100 per cent after 
first five days of exposure. 


nowled gments : 


[wish to express my appreciation for 
yable assistance received during this 
ly. Mr. H. H. Lawson prepared, 
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cleaned and weighed all the many speci- 
mens involved in the exposures. Mr.C. 
R. Taylor and Mr. Arthur Woods offered 
many suggestions and considerable help 
in the details of the statistical analysis 
of the data. 
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a DISCUSSION 


Mr. H. R. Corson (presented in 
wrillen form).'—There are two features 
of the weather measurements described 
by O. B. Ellis which are particularly 
commendable. First weather conditions 
were measured at the exact place and 
time that weight losses were determined. 
The importance of doing this can be 
illustrated by recalling the difference 
that elevation can make in such things 
as wind velocity, fog, rate of drying, 
and length of time wet. 

Second, attempts were made to deter- 
mine conditions at the metal surface. 
A difficulty here, as was recognized by 
Ellis, is that each specimen has its own 
individual characteristics. Thus it was 
shown that metal temperatures might 
be as much as 60 IF. above air tempera- 
tures, but it is obvious that actual dif- 
ferences will depend on the character 
of the metal surface, on the color, tex- 
ture, and thickness of corrosion prod- 
ucts, and on accumulations of dirt. The 
length of time wet of individual speci- 
mens is influenced by similar factors. 

These comments are made to empha- 
size the difficulties involved in getting 
applicable weather data. Without such 
data good correlation with weight losses 
can hardly be expected. 

One important factor which was not 
measured is atmospheric pollution. This 
may be the reason no clear correlation 
was found between atmospheric condi- 
tions and the weight losses of iron. The 
estimation of atmospheric pollution is 
not easy. It requires detailed knowledge 


1 Research Chemist, The International Nickel Co., 
Inc., Research Lab., Bayonne, N. J. 


of the concentration and variation ; 
corrosive gases such as sulfur dioxid 
and of solids such as chlorides, sulfate 
and other active materials. It seems ey; 
dent that pollution will not be constap 
but will vary with industrial activit 
with rainfall, humidity, wind directio: 
wind velocity, and other atmospher 
conditions. Further complications ari 
because dew may contain more sul 
dioxide than rain, and because de 
which forms on rusting iron may con 
tain more sulfur dioxide than dew whic 
forms on glass. 

The change in the corrosion rate 
zinc near the start of the tests mu: 
mean that a protective film is bein 
built up. Yet after this initial period hu 
passed, the corrosion rate is substar 
tially constant with time even thoug 
the corrosion products continue | 
thicken. Evidently the outer thick 
layers of corrosion product are not pr 
tective. In order to control the subs 
quent corrosion rate, the first forme 
protective inner layer must persis 
This raises a question as to the met! 
anism by which corrosion is taking pla 
through this protective film without: 
the same time destroying it. 

Ellis correlated the protective chara 
ter of the first corrosion product wil 
the humidity and hours of rain. If the 
were the sole factors, it would seem tl 
as the initial exposure period was mi 
shorter atmospheric conditions wo 
become more uniform and the per & 
explained variance would increase. Ti 
was not the case. As the initial pen 
increased, the per cent explained v# 
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e increased steadily from 52 per cent 
one day to 84 per cent at five days, 
1 then decreased again. Apparently 
took time for the protective film to 
ld up. After about five days its char- 
er was set, and subsequent events 
| little influence on it. 

If this interpretation is correct, it 
mises some interesting speculation. Why 
t control conditions so as to put a 
id protective film on zinc before ex- 
sing it outdoors? If subsequent events 
on have little effect, it should be pos- 
le to obtain similar low rates of corro- 
nregardless of atmospheric conditions. 
would be interesting to transfer speci- 
ns with a good protective coating 
m Middletown to other normally 
gre corrosive (or less corrosive) loca- 
ms and determine whether the corro- 
mn rate remains constant. 
In inclined exposures of the type de- 
tibed, zinc usually corrodes faster on 
e skyward surface than on the ground- 
ard. It would be interesting to know 
this was the case in these tests. If so, 
more protective film must have formed 
ithe groundward surface. This surface 
more sheltered, receives less rain, and 
apt to remain damp longer, but it is 
ficult to explain the difference in 
chavior on the basis of the correlations 
ithe paper. Of course from a statistical 
andpoint it would have been more 
ial to have dealt with the two sur- 
aces separately, 
Me. F. L. LaQue.2—I wish to com- 
utd Mr. Ellis for the tremendous 
‘mount of work that he has done, not 
nly in carrying out a laborious test 
‘gram, but subjecting his results to 
that was evidently a rather detailed 
iid careful analysis. It is that kind of 
‘ork that will improve the ability to 
‘ply the results of atmospheric corro- 
tests. 


m,. Charge of Corrosion Engineering Section, Develop- 
eng ad Research Div., The International Nickel Co., 
SC, New York, N. Y. 
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Having in mind the use by Subcom- 
mittee VII on Weather of Committee 
B-3 of both steel and zinc for measuring 
differences in corrosivity of atmospheres 
in different places—and the fact that 
the British Iron and Steel Institute have 
used both ingot iron and zinc for similar 
purpose, and I understand, now, have 
decided to concentrate their attention 
on zinc—I am wondering if Mr. Ellis 
has formed an opinion as to which of 
those two metals over a one-year test 
period would be least sensitive to the 
variation in conditions in the early 
stages of test, and thereby reflect more 
clearly actual differences in over-all 
corrosivity of locations rather than the 
conditions that happened to exist at the 
time the tests were started at these dif- 
ferent places. 

Mr.O. B. (author).—Mr. LaQue’s 
questions should be answered in the 
reverse order. It is obvious that zinc is 
extremely susceptible to initial condi- 
tions of weather and, therefore, would 
be less acceptable as a calibration metal 
for a long period of exposure. 

The attempt that has been made to 
study the iron data in a manner similar 
to that shown for the zinc has met with 
complete and utter failure. It has not 
been possible to pick out any assortment 
of variables that will correlate with the 
variations shown by the iron samples. 

Figure 8 shows time-corrosion curves 
for samples of zinc up to a period of 
approximately one year. These samples 
indicate that the rate of attack during 
the initial exposure period has an influ- 
ence on the final rate of corrosion. 
Samples with low corrosion rates for the 
first 28 days show a lower rate at one 
year than similar samples which showed 
high initial rates of attack. Therefore, 
it is evident that zinc is not a satisfac- 
tory metal to be used for atmospheric 
calibration tests. At this time, it is not 
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possible to state that iron is better or 
worse. 
Mr. C. P. wonder if 
the question of pollution would not 
depend upon the direction of the wind? 
The atmospheric test plot at Middle- 
town is two or three miles from the plant, 
and on days that the wind is blowing 
from the plant, the atmosphere would 
_ probably be much more polluted than on 
‘ days when the wind blows from any other 
direction, as the plant is probably the 
Jargest source of atmospheric contam- 
ination. 
Mr. O. B. (author’s closure).— 
- The question of wind velocity was not 
- mentioned in this paper. The variations 
in wind direction as well as wind velocity 
were so great that at the time the study 
was made, it was not possible to find 


3 Research Lab., Carnegie-Illinois Steel Corp., Van- 
dergrift, Pa. 


any way of correlating these variable 
with the weight loss data. 

Atmospheric pollution, which is ver 
diffcult to measure, also must be an 
important factor in the final corrosion 
rate. 

It is well known that iron oxide has ; 
great affinity for sulfur compounds 
There is a possiblity that a corroded irop 
specimen may continue to absorb sulfur 
dioxide from the atmosphere even during 
those periods when the specimen appears 
to be dry. 

Experiments that have been mak 
previous to this work have shown that 
the rust on an iron specimen is never 
completely dry. The rust contains 
approximately 13 per cent of water 
which will vary 1 or 2 per cent depending 
on conditions of atmospheric humidity. 
Therefore, the problem is far more con- 
plicated with iron that it appears to be 
with zinc. 
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Committee B-4 on Electrical Heating, 
sistance and Related Alloys held three 
etings since its previous report: in 
w York City, N. Y., on June 9 and 10, 
{8; in Cambridge, Mass., on October 
and 14, 1948, and in Philadelphia, 
,on March 2 and 3, 1949. 

During the year the committee has 
t the services, by retirement, of P. H. 
ke who, for the past ten years, has 
en chairman of Subcommittee II on 
ectrical Tests, and of W. A. Gatward, 
other long-time member, chairman of 
ibcommittee I on Electrical Heating 
laterials, who resigned from the com- 
ittee. 

The committee now consists of 71 
embers, of whom 29 are classified as 
roducers, 37 as consumers, and 5 as 
eneral interest. 


ECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1948 Annual Meet- 
‘g, Committee B-4 presented to the So- 
ely, through the Administrative Com- 
tittee on Standards, a new Tentative 
Kecommended Practice for Cathode 
Met Prove-in Testing which was ac- 
‘tpted by the Committee on Standards 


«May 2, 1949, and is designated B 238 - 


ADOPTION OF TENTATIVES AS STANDARD 


The committee recommends that the 
“owing three tentatives be approved 


‘. “Presented at the Fifty-second Annual Meeting of the 
“ety, June 27 July 1, 1949, 
19 Book of A'S. M. Standards, Part 2. 
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for reference to letter ballot of the Society 
for adoption as standard without revi- 
sion: 

Method of Test for Resistivity of Metallically 


Conducting Resistance and Contact Metals 
(B 63 - 48 T),? 


Method for Life Test of Electrical Contact Ma- 
terials (B 182-46 T),? and 
Method of Test for Diameter by Weighing of 
Fine Wire Used in Electronic Devices and 
Lamps (B 205 — 45 T).8 
The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommillee I on Electrical Heating 
Materials. (C. L. Raynor, chairman).— 
Work on refinements in the Method of 
Accelerated Life Test for Metallic Mate- 
rials for Electrical Heating (B 76 - 39) 
is being done at Massachusetts Institute 
of Technology. Progress on this work, 
which includes the quantitative effect of 
humidity on the life of wire at high tem- 
perature, will be reported to Committee 
B-4 at its next meeting. 

Subcommittee II on Electrical Tests (J. 
L. Thomas, chairman) is recommending 
the adoption as standard of Method B 63, 
previously mentioned. 

Subcommittee V on Wrought and Cast 
Alloys for High-Temperature Use (R. D. 
Van Nordstrand, chairman) is continuing 
tests in the standard A.S.T.M. furnace 


, 2 = Supplement to Book of A.S.T.M. Standards, 
-art I-B. 

21946 Book of AS.T M Standards, Part I B 

4 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at A.S.T.M. 
Headquarters. 
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to ascertain the effects of various atmos- 
pheres on surface and subsurface condi- 
tions of the metal. Magnetic readings 
are being reviewed as related to “green 
rot” or structural changes. The sub- 
committee is also working on the develop- 
ment of a test method to determine oxi- 
dation resistance of wrought cast alloys 
at high temperatures. Exploratory 
work has been done and preparations are 
being made to run trials in the furnace de- 
veloped for testing materials in gas atmos- 
pheres in accordance with the Tentative 
Method of Test for Effect of Controlled 
Atmospheres Upon Alloys in Electric 
Furnaces (B 181 - 43 T). 

Subcommillee VII on Thermostat Met- 
als (P. H. Brace, chairman) is conducting 
investigations of significant properties for 
development of test methods of thermo- 
stat metals. Currently the relation of 
hardness test method agreements versus 
load is under consideration; also exten- 
sion of hardness test methods to thin 
thermostat metals. Recently a program 
has been started on invar with particular 
reference to methods of test using inter- 
ferometer, steam and water jacket test, 
and the use of the automatic recorder. 
Specifications will be considered after the 
test methods have been reviewed and 
completed. 

Subcommittee VIII on Metallic Mate- 
rials for Radio Tubes and Incandescent 
Lamps (S. A. Standing, chairman) is rec- 
ommending adoption as standard of 
Method B 205, previously mentioned. 

Section A on Cathode (T. H. Briggs, 
chairman) has dealt with the many prob- 
lems pertinent to nickel cathode material 
for electronic tubes and has made good 
progress. Physical testing specifications 
have been reviewed, improved, and 
brought up to date. The bulk of the ef- 
fort, however, has been in defining suita- 
ble testing methods and specifications for 
cathode material. Aside from physical 
testing, this effort has involved design- 
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ing a standard diode tube as a means of 
testing and development of chemicy) 
methods to aid in the definition of suit 
able material. In addition studies on the 
effects of various impurities in cathode 
nickel have been undertaken on , 
broad scale. Currently, this group has 
sponsored the Tentative Recommended 
Practice for Cathode Melt Prove-[y 
Testing (B 238 - 49 T) and has recently 
completed a Proposed Tentative Specifi 
cation for Circular Nickel CathodeSleeve: 
for Electronic Devices, now being cir 
culated for committee letter ballot. Its 
activities have been linked with that 
Committee E-3 on Chemical Analysis 0 
Metals to assist in penetrating the prob 
lems of chemical analysis. It is an- 
ticipated that activities will continue at 
a high rate for the forthcoming year. 

Section C on Tungsten Wire (D. 
Wamsley, chairman) is concerned wit! 
developing methods of test and specifica. 
tions with the initial task centered 
around the sag properties of this mate 
rial. Section D on Particle Size and 
Density of Powder (Stanton Umbreit 
chairman) is at present confining its in 
vestigation to a new testing instrument 
for powders commonly used in the elec- 
tronic tube and lamp fields. 

More recently, Subcommittee VIII ha 
been approached by Committee C-6 
the Joint Electron Tube Engineering 
Council to assist in formulating methoés 
of test and specifications for metal-te 
glass seals, considering, in this instanc, 
relatively large metallic cross-sectiot! 
and using as a basis the present ASTM 
Tentative Method for Measuring Resi¢ 
ual Stress in Cylindrical Metal-to-Glas 
Seals (B 218 - 47 T). 

Subcommittee 1X on Methods of Test)" 
Alloys in Controlled Atmospheres (P. 
Brace, chairman) is cooperating wu 
Subcommittee V in tests in various labe 
ratories using processes developed wi" 
the aid of Method B 181-43T. In 
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oratory checks are being made on the 
ects of various types of atmospheres. 
Subcommittee X on Contact Materials 
_E. Carter, chairman) recommended 
e adoption as standard of Method B 
2, previously mentioned. During the 
st year Section A on Life Tests has 
enactively engaged in experimentation 
the factors affecting the surety of mak- 
circuit, such as maximum breakdown 
ltage and the variation of resistance 
theurrent. At present a test method 
in preparation. 

Section B on Physical Properties has 
en active on hardness determination of 
ntact materials. Work is in progress 
1a proposed method of test which in- 
ves a study of the implications of the 
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hardness of thermostat metals. Section 
C on Standardization of Contact Forms 
and Sizes is revising present standards in 
the light of field difficulties. 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 71 members; 66 members returned 
their ballots, of whom 60 have voted 
affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
S. A. STANDING, 
Chairman. 
I. E. Basu, 
Secrelary. 


EpITORIAL NOTE 


On June 24, 1949, the Administrative Committee on Standards accepted 
the recommendation of Committee B-4 that the Specifications for Circular 
Cross-Section Nickel Cathode Sleeves for Electronic Devices be approved for 
publication as tentative. The new tentative specifications appear in the 
1949 Book of A.S.T.M. Standards, Part 2, bearing the designation B 239 - 
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Committee B-5 on Copper and Copper 
Alloys, Cast and Wrought, held two 
_ meetings during the year: at Philadel- 
_ phia, Pa., on November 5, 1948, and at 
Washington, D. C., on March 11, 1949. 
At these sessions the Advisory Committee 
_and Subcommittees W-1, W-2, W-3, W-4 
and G-3 also met. Subcommittee G-1 
met at Philadelphia, Pa., and Subcom- 
mittee F-1, at Washington, D. C. 

During the year 16 members were 
_ added to the committee and there were 
14 removals. At the present time the 
committee consists of 139 members, of 
whom 120 are voting members; 52 are 
classified as producers, 46 as consumers, 
and 22 as general interest members. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee is submitting revision 
in 25 tentative specifications, revisions 
in 35 standards for immediate adoption, 
tentative revisions in 5 standards, the 
adoption of one tentative as standard, 
and the adoption of 5 tentative revisions 
as standard. The standards and tenta- 
tives affected, together with the revisions 
recommended, are given in detail in the 
Appendix. 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.! 


ACTIVITIES OF THE ADVISORY COMMITTEE 

The following revisions in the regula- 
tions of the committee were approved by 
letter ballot: 


* Presented at the Fifty-second Annual Meeting of the 
Society, June 27-July 1, 1949. 

1 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at A.S.T.M. 
Headquarters. 
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JOYS, CAST 
Article V, Meetings. —Insert a new Sec. 

tion 6 to read as follows renumbering thy 

present Section 6 as Section 7: 

Sec. 6.—Any application for a pr 
posed new standard or tentative or a sub 
stantial revision of an existing standar 
or tentative shall be addressed in writing 
to the chairman of the appropriate sub. 
committee with copies to the chairman 
and to the secretary of Committee B-5 
Before such application may be con- 
sidered, it shall be supported by appro 
priate technical and commercial qualify. 
ing data. 

The Advisory Committee prepared the 
standard section on significance of nu: 
merical limits being recommended for in- 
corporation in the various material spec 
fications of the committee. 


ACTIVITIES OF SUBCOMMITTEES 


The following is the report of the sev- 
eral subcommittees during the year 
The actions are given in detail in the 
Appendix. 

Subcommittee W-1 on Plate, Sheet ant 
Strip (R. A. Frye, chairman, S. A. Rose 
crans, secretary) recommended that re 
visions be incorporated in 11 tentative 
specifications: B 19, B 36, B 121, B12. 
B 129, B 130, B 131, B 152, B 169, B19. 
and B195. Revisions for immediate 
adoption were recommended in 6 stat: 
dard specifications: B 11, B 96, B97, 8 
100, B 103, and B 171. 

A task group (W. D. France, chait 
man) prepared the revisions on sampling 
for chemical analysis in plate, sheet, and 
strip specifications. A task group (J. F 
Klement, chairman) prepared requilé 
ments for alloy D to be incorporated it 


Specifications B 169. 
174 
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\mong the subjects being studied by 
subcommittee are the addition of 
ed bar to plate specifications, the 
ision of copper limits for alloys Nos. 4 
16 of Specifications B 121, the revi- 
1 of requirements for mechanical prop- 
ties in Specifications B 194 and B 195, 
eaddition of alloy B2 of Specifications 
139 to Specifications B 103, and the 
of Rockwell hardness information as 
sandatory requirement. 
subcommiltee W-2 on Rods, Bars and 
apes (J. D. MacQueen, chairman) 
ommended that revisions be incor- 
rated in 7 tentative specifications: B 
1, B133, B 139, B 150, B 151, B 187, 
d B196. Revisions for immediate 
option were recommended in 6 stand- 
rd specifications: B12, B16, B 98, 
124, B 138, and B 140. ‘Tentative re- 
sions were recommended in 5 standard 
ecifications: B12, B16, B 98, B 138, 
dB140. Adoption as standard was 
commended for tentative revisions of 5 
sandard specifications: B 12, B 16, B 98, 
138, and B 140. 
Atask group (V. P. Weaver, chairman) 
epared the revisions of elongation re- 
irements in rod and bar specifications. 
task group (G. Williams, Jr., chairman) 
repared the revision of chemical limits 
talloy No. 11 in Specifications B 124. 
task group (H. C. Ashley, chairman) 
pared the revisions of Specifications 
12 and B 187 to include reference to 
eapplicable types of copper in Classifi- 
ition B 224. A task group (H. C. Ash- 
y, chairman) prepared the revisions on 
‘¢ requirements for sampling for chemi- 
ilanalysis. A task group (R. A. Frye, 
uuiman) prepared revisions in straight- 
requirements in Specifications 
‘187. A task group (B. J. Sirois, chair- 
“an) recommended the deletion of bend 
sis in rod and bar specifications. A 
ask group (G. Williams, Jr., chairman) 
‘epared requirements for soft temper 


vy rods and bars in Specifications 
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Among the subjects being considered 
in the subcommittee are the inclusion of 
additional size ranges in Specifications 
B 133 and the collection of Rockwell 
hardness data in anticipation of the fu- 
ture inclusion of such requirements in rod 
and bar specifications. 

Subcommittee W-3 on Wire and Wire 
Rod (B. J. Sirois, chairman) recom- 
mended that revisions be incorporated in 
3 tentative specifications: B 159, B 197, 
and B 206. Revisions for immediate 
adoption were recommended in 2 stand- 
ard specifications: B 99 and B 134. 

A task group (W. D. France, chair- 
man) prepared the revisions for sampling 
for chemical analysis in wire specifica- 
tions. 

The subcommittee is studying the 
possible revision of requirements for ten- 
sile strength and elongation in Specifica- 
tions B 197. 

Subcommittee W-4 on Pipe and Tube 
(Alan Morris, chairman, R. S. Pratt, 
secretary) recommended that revisions 
be incorporated in 3 tentative specifica- 
tions: B 75, B 135, and B 188. Revisions 
for immediate adoption were recom- 
mended in 7 standard specifications: B 
13, B 14, B 42, B 43, B 68, B 88, and B 
111. 

A task group (H. C. Ashley, chairman) 
prepared the revisions in applicable pipe 
and tube specifications on the inclusion 
of the applicable types of copper in 
Classification B 224. A task group (H. 
C. Ashley, chairman) prepared the re- 
vision of requirements for sampling for 
chemical analysis. 

Among the subjects under considera- 
tion in the subcommittee are the develop- 
ment of requirements for automotive and 
refrigeration service tube, and revision of 
dimensional tolerances in Specifications 
B1i11. The temper requirements of 
Specifications B 75 are being reviewed as 
to their adequacy. 

Subcommittee F-1 on Castings, and In- 
gols for Remelling (G. H. Clamer, chair- 
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man, C. S. Cole, secretary) recommended 
the revision of Recommended Prac- 
tice B 208. Revisions for immediate 
adoption were recommended in 14 stand- 
ard specifications: B 30, B 61, B 62, 
B 66, B 67, B 132, B 143 to B 149, in- 
clusive, and B 198. With minor revi- 
sions specifications B22 were recom- 
mended for adoption as standard. 

A task group (C. S. Cole, chairman) 
which had been working on the problem 
for the past two years prepared revisions 
in Recommended Practice B 208. 

The subcommittee feels that the re- 
vision of B 208 will be a helpful first step 
in clarifying the test bar problem but 
calls attention to the need for an accumu- 
lation of engineering design data on cop- 
per-base alloy castings to: (1) establish 
the relationship between standard test 
bar properties and the properties of cast- 
ings as influenced by consideration of 
mass, section, and cooling rate, and (2) 
evaluation of the basic engineering char- 
acteristics of the various alloys under 
the jurisdiction of the subcommittee. 

The subcommittee is reactivating the 
task group to review Specifications B 61 
and B 62 and is studying the preparation 
of a document similar to the Code of Pro- 
cedure in Inspection of Copper-Base 
Alloy Sand Castings adopted by the 
British Standards Institution in 1947. 

Subcommittee G-1 on Methods of Test 
(G. R. Gohn, chairman, J. P. Guerard, 
secretary) is continuing its studies on the 
effect of speed of testing on tensile prop- 
erties, the relation of Rockwell hard- 
ness to thickness of specimen and the de- 
velopment of methods of tension testing 
for thin sheet metals. It is also review- 
ing the possibility of combining the Ten- 
tative Methods of Tension Testing of 
Copper and Copper Alloy Rods, Bars, 
and Shapes (B 220 —- 48 T) with the Stand- 
ard Methods of Tension Testing of 
Metallic Materials (E 8-46). The lat- 
ter suggestion has been made by Com- 
mittee E-1 on Methods of Testing. 
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Subcommiltee G-2 on Tolerances (J. § 
McGraw, chairman) recommended the 
revisions of dimensional tolerances ; 
plate, sheet and strip; rod and bar; an 
wire specifications to correspond wit 
current CABRA standards. The 
vision of weight tolerances in Specific, 
tions B 88 was recommended, and the 
subcommittee also prepared straightnes 
tolerances for shafting and a method fo; 
measuring such straightness. in Specifi 
cations B 21, B 138, B 139, and B15 
The subcommittee also _ prepared 
straightness tolerances for bus bars. 

The subcommittee is studying the prep. 
aration of closer straightness tolerances 
for slit materials, dimensional tolerances 
for square, rectangular, and miscellaneou 
round tubes in Specifications B 18 
Also it is preparing revised tolerances for 
Specifications B 111. 

Subcommittee G-3 on Editorial and Pui- 
lications (W. F. Roeser, chairman) rec 
ommended the revision of chemical limits 
in applicable specifications for wrought 
products to eliminate slight discrepancies 
in composition and in the number o/ 
significant figures. It also recom 
mended the elimination of such terms 4s 
“orade,” “type,” and “class” in design: 
ting alloys, and that the expression “2 
loy” or “alloy number’ be substituted 

The subcommittee is continuing th 
study of nomenclature and classificatis! 
of wrought alloys under the jurisdictio 
of the committee. 


This report has been submitted to let 
ter ballot of the committee, which 0 
sists of 120 voting members; 100member 
returned their ballots, of whom 94 hav 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf 0 
the committee, 

G. H. HARNDES, 

Chairmar 


V. P. WEAVER, 
Secretary. > 
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APPENDIX 


RECOMMENDATIONS AFFECTING STANDARDS FOR COPPER AND 


COPPER ALLOYS 


In this Appendix are given the recom- 


mendations affecting certain standards 


ering copper and copper alloys which 

sre referred to earlier in thisreport. The 
tandards appear in their present form in 
the 1946 Book of A.S.T.M. Standards, 
Part I-B or in the 1947 and 1948 Supple- 
ments to the Book of A.S.T.M. Stand- 
rds, Part 1-B. 


REVISIONS OF TENTATIVE 
SPECIFICATIONS 


The committee recommends that the 
following 25 tentative specifications be 
revised as indicated below and con- 
tinued as tentative. 


Tentative Specifications for Cartridge 
Brass Sheet, Strip, Plate, Bar, and 
Disks (B 19-47 T): 


Section 5.—Revise to read as follows: 
Samples for chemical analysis shall be 
aken in accordance with the Standard 
Method of Sampling Wrought Non- 
‘erous Metals and Alloys for Deter- 
aination of Chemical Composition 
AS.T.M. Designation: E 55).!_ The lot 
‘ze, portion size, and selection of pieces 
‘all be as follows: 

Lot Size.—40,000 lb. or 
thereof. 
Portion Sise.—Pieces from at least ten 
dividual lengths of the finished product. 
ithe lot consists of less than the number 
lengths indicated in the porton size, a 


fraction 


iyuiif Book of A.S.T.M. Methods of Chemical Analysis 


rete Supplement to Book of A.S.T.M. Standards, 


piece shall be taken from each individual 


length. 

Minimum Weight of Composite 
Sample.—150 g. divided into three equal 
parts. 

Table I.—Revise certain _ tensile 


strength values as follows: 


Present Value, 


Revised Value, 
psi. i 


psi. 


57 000 
83 000 
92 000 
91 000 
100 000 


New Section.—Add a new Section 14 to 
read as follows renumbering the subse- 
quent sections accordingly. 


14. Significance of Numerical Limits.—-For 
purposes of determining compliance with the 
specified limits for requirements of the proper- 
ties listed in the following table, an observed, 
or a calculated value, shall be rounded off as 
indicated in accordance with the rounding-off 
method of the Tentative Recommended Prac- 
tices for Designating Significant Places in 
Specified Limiting Values (A.S.T.M. Designa- 
tion: E 29) 2 

Rounded-Off Unit for 

Calculated or Observed 

Property* Value 

Chemical Composition 
Permanent Set 
Maximum Compression 
Hardness 
Electrical Resistivity 
Electrical Conductivity 


Nearest unit in the last 
right-hand place of 
figures 


Vield Strength 


Tensile Strength 
ine ..- Nearest 1000 psi. 
Deformation Limit 


Grain Size: 
Up to 0.055 mm., incl.. Nearest multiple of 0.005 
mm. 
Over 0.055 to0.160 mm., incl. .. Nearest 0.01 mm. 
Elongation: 
Below 5 per cent..............Nearest multiple of 0.5 
_per cent 


5 per cent and over.. Nearest 1 per cent 


* Include only those properties which apply to these 
specifications. 
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Table V.—In the first column, lines 12 
and 13, revise thickness “0.187” to read 
“9,188” in 

Table VI.—In the first column, second 
line revise thickness 0.187” to read 
“().188” in. and also in the fifth line 


TABLE I.—WIDTH TOLERANCES 


SAWED METAL. 


FOR 


Width Tolerances, plus and 
minus%, in. 


Width, in. 


For Lengths 


For Lengths up 
over 10 ft. 


to 10 ft., incl. 


For For 
Thick- Thick- 
nesses 
upto 

1} 
inches, inches, 

incl. incl. 


Up to 12, incl. 
Over 12 to 120, incl.. 


@ If tolerances are desired all plus or all minus, double 
the values given. 


TABLE II. ~y NGTH TOLERANCES FOR SPECIFIC 
AND STOCK LENGTHS WITH AND 
WITHOUT ENDS. 


Note.—The following length tolerances are all plus; 
if all minus tolerances are desired use the same values; i 
tolerances are desired pius and minus, halve the values 
given. 


Length Toler- 
ances, in. (Ap- 
plicable only to 
Full Length 
Pieces) 


Length, ft. 


Specific lengths: 
10 and under 
Over 10 to 20, incl 
Specific lengths with ends ae 
Stock lengths with or without ends. 


@ As stock lengths are cut and placed in stock i in ad- 
vance of orders, departure from this tolerance is not 
practicable. 


revise width “60” to read “120” in. 
For “Sawed Metal” revise to read as 
shown in the accompanying Table I. 

Section 14 (d).—Revise Items (J) 
and (2) to read as follows: 


(1) Specific and Stock Lengths With and 
Without Ends.—When specific lengths are re- 
quired they shall be specified in the order. 
Unilateral plus tolerances from the nominal 


length specified shal] be permitted as prescribed 
in Table VIII (accompanying Table II). 

(2) Specific and Stock Lengths With Ends.- 
When specific or stock lengths are ordered wit! 
ends, short lengths shall be accepted in accord 
ance with the requirements prescribed in Tabj 
IX (accompanying Table ITI). 


New Table.—Add a new Table VIII 
to read as shown in the accompanying 
Table II, renumbering subsequent table 
accordingly. 

Table VIII.—Renumber as Table IX 
and revise to read as shown in the 
accompanying Table III. 


Tentative Specifications for Naval Brass 
Rods, Bars, and Shapes (B 21 - 487): 


Seclion 1.—Revise the term “grade” 
to read “alloy” and make corresponding 
changes in Section 2, Item (/), Section /, 
and Tables I and II. 

Section 4.—In the first line revise the 
words “‘naval brass” to read “material”. 

Table I.—Delete Note 2. 

Section 5.—Revise to read as follows 
“Samples for chemical analysis shall be 
taken in accordance with the Standard 
Method of Sampling Wrought Nor- 
Ferrous Metals and Alloys for De. 
termination of Chemical Composition 
(A.S.T.M. Designation: E 55).! The lot 
size, portion size, and selection of pieces 
shall be as follows: 

Lot Size.-—5000 lb. or fraction theres. 

Portion Size—Pieces from four indi 
vidual lengths of finished product. I 
the lot consists of less than the numberd! 
lengths indicated in the portion size, 4 
piece shall be taken from each individual 
length. 

Minimum Weight of Composite Sample 
—150 g. divided into three equal parts. 

Table IT.—Delete the last column ané 
revise the requirements for minimu” 
elongation in per cent as indicated below: 
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TABLE IlI.—_SCHEDULE OF LENGTHS (SPECIFIC AND STOCK) WITH ENDS. 


0.050 in. and under in 
thickness 


Maximum 
Permissible 
Weight of 
Ends, Per 
Cent of Lot 
Weight 


Nominal Length, ft. on 
Length of 
Shortest 
Piece, ft. 


Over 0.050 to 0.125 in., 


[ Over 0.125 to 0.250 in., 
incl., in thickness 


incl., in thickness 


Maximum 
Permissible 
Weight of 
Ends, Per 
Cent of Lot 
Weight 


Maximum 
Permissible 
Weight of 


Minimum 
Length of 
Shortest 

Piece, ft. 


Minimum 
Length of 
Shortest 
Piece, ft. 
Weight 


20 
25 
30 


6 to 8, excl 
enc). 


Grade B Grade C 


Grade A 


Revised 
Elonga- 


Revised 
Elonga- 


Revised 
Elonga- Present, 
in2 


..... 
9... 
0... 
9... 


* Elongation shall be determined on a gage length of 
4X diameter or thickness of ag except that in any 
as¢ aminimum gage length of 1 in. shall be used. 


Section 7.—Delete and renumber sub- 
sequent sections accordingly. 

Section 9—Renumber as section 8 and 
delete Paragraph (6). 

Section 10.—Renumber as Section 9 
aid in Paragraph (6) delete the ref- 
erence to bend test specimen. 

New Section.—Add a new Section 11 to 
tad as indicated above for new Section 
l4 in Specifications B 19. 

Table 1V.—Revise to read as shown 
in the accompanying Table V. 

Table V.—Revise to read as shown in 
the accompanying Table VI. 

Table VI.—Revise to read as shown in 
the accompanying Table VII. 

' Section 12 (b).—Add a new Item (3) to 
read “(3) Specific Lengths With Ends.— 

The tolerance for specific lengths with 
énds is plus 1 in. 


Section 14.—Add a new Paragraph (c) 
to read as follows, relettering the present 
Paragraph (c) as (d) and deleting the 
reference to shafting: 


Ends, Per 
Cent of Lot | 


(c) The straightness tolerances for shafting _ 


are as follows: 


Maximum 
Permissible Minimum 
Departure from! Diameter Ap- 
Straightness of | piceite for 
EitherCenter | Length In- 
or End | dicated, in. 
Portions, in 


Length of Shaft, ft. 


Up to 6, incl 
7 


0.055 
0.068 


MAX 


Note.—To determine compliance with this 
paragraph, shafting shall, in case of disagree- 
ment, be checked by the following method: 
Place the shaft upon two freely rotating sup- 
ports, one-fourth of the shaft length extending 
beyond each support. Measure the departure 
from straightness at each end and at the center 
by means of a dial gage mounted on a suitable 
movable block and set successively at the three 
points to be measured while rotating the shaft 
slowly and carefully to avoid vibration. The 
total range of the dial reading at a given point 
divided by two gives the departure from straight- 
ness at that point. 


Section 15.—Revise Paragraph (6) to 


read “...with a maximum permissible 
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radius of 5 in. for bars over 7g to 1 in., 
inclusive, in thickness, and jg in. for 
bars over 1 in. in thickness.” 

Revise the first sentence of Paragraph 
(c) to read “... with a radius of 7g in. 
for bars over ; to 1 in., inclusive, in 
thickness, and } in. for bars over 1 in. in 
thickness.” 


Tentative Specifications for Brass Plate, 
Sheet and Strip (B 36-48 T): 


Section 5.—Revise to read as indicated 
above for Section 5 in Specifications 
B 21. 


Table TV.—In the first column, lines 
12 and 13, revise the thickness “0,187” 
to read “0.188” in. 

Table V.—In the heading for the 
third column revise the thickness “0.187” 
to read “0.188” in. Delete the portion 
headed “Rolled Edge Metal (Not Pre- 
viously Slit).” Under “Square Sheared 
Metal,” first column, revise width “60” 
to read “120” in. For “Sawed Metal” 
revise to read as shown in the accom- 
panying Table I. 

Table VI.—Revise to read as shown 
in the accompanying Table II. 


TABLE IV.—TENSILE REQUIREMENTS FOR ALLOY D. 


Temper Thickness, in. 


Over 


Under \%.. 


| Over % to % . 
| Over 


Under % 


Tensile Yield Elongation 

Width, in. Strength, Strength, |in2in.,min 
min., psi. min., psi. per cent 

All widths 75 000 42 000 » 
All widths 72 000 38 000 32 
All widths 72 000 32 000 35 
All widths 70 000 30 000 40 
All widths } 85 000 55 000 x0 
All widths } 80 000 50 000 30 
All widths 75 000 45 000 35 
All widths 70 000 40 000 4” 


Table JI.—Revise certain tensile 


strength values as follows: 


Alloy _— Present Value, Revised Value, 
No. psi psi. 
1 60 000 
67 500... re 68 000 
4 Se 55 000 
"168 ....« 65.000 
67 000 
( 83 000 
. 92 000 
. 91 000 
99500... "100 000 


New Section.—Add a new Section 14 to 


_ read as indicated above for new Section 


14 in Specifications B 19, renumbering 
_ the subsequent sections accordingly. 


Section 14 (c).—Revise title of Item (/) 
to read “Specific and Stock Lengths 
with Ends.” 

Table VIT.—Revise to read as shown 
in the accompanying Table III. 

Table VIII.—Delete the portion 
headed “Rolled Edge Metal (Not Pre- 
viously Slit).” 


Tentative Specifications for Seamless 
Copper Tubes (B75-48T): 


Section 1.—Delete type E and makes 
corresponding deletion in Section 4 
Revise type designations A, B, C, andD 
to read DLP, DHP, DPA and OF 
spectively, and make corresponding tt 
visions in Sections 4, 10, 11, and 12 
Add a note explaining the redesignation 
of these alloys. 

Section 5.—Revise to read as indicates 
above for Section 5 in Specifications B 2! 
except that the portion size shall read 
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TABLE V.—THICKNESS TOLERANCES FOR RECTANGULAR AND SQUARE BARS. 
Tolerances are plus and minus; if tolerances all plus or all minus are desired, double the values given. 


Width, in. 


Thickness, in. 


Over 0.188 to 0.500 incl 
Over 0.500 to 1.00 incl 
Over 1.00 to 2.00 incl 
Over 2.00 to 4.00 incl 


0.0945 
0.005 


Over % to | over 1% to 
14, incl. i 


0.004 


Over 4.00 | Over 8.00 


Over 2.00 to 


| 2.00, incl. 4.00, incl. 


-006 
0.30 per cent® 


~ @ Expressed to the nearest 0.001 in. 


TABLE VI.—WIDTH TOLERANCES FOR 
RECTANGULAR BARS. 


Tolerances, plus 
Width, in. and minus,’ in, 


0.050 and under 

Over 0.050 to 0.090, incl 

Over 0.090 to 0.130, incl 

Over 0.130 to 0.188, incl.. 

Over 0.188 to 0.500, incl.. 

Over 0.500 to 1.25, incl... 

Over 1.25 to 2.00, incl 

Over 2.00 to 4.60, incl... 
Over 4.00 to 12.00, incl 


* When tolerances are specified as all plus or all minus, 
double the values given. 


> Expressed to the nearest 0.001 in. 


“pieces from 0.5 per cent of the number 
of individual lengths of finished product”. 

New Section.—Add a new Section 15 
to read as indicated above for new 
Section 14 in Specifications B19, re- 
numbering subsequent sections accord- 
ingly. 

New Appendix.—Add an appendix to 
read as follows: “It is recommended that 
wherever possible, material purchased 

to these specifications be ordered to the 


TABLE VII.—SCHEDULE OF LENGTHS (SPECIFIC AND STOCK) WITH ENDS. 


diameters and wall thicknesses indicated 
in Table V (accompanying Table VIII). 


Tentative Specifications for Leaded 
Brass Plate, Sheet and _ Strip 
(B 121-47 T): 


Section 4.—For alloy No. 1 revise the 
present copper content range of “89.00 
to 91.00” to read “89.0 to 91.0” per cent. 

Seclion 5.—Revise to read as indicated 
above for Section 5 in Specifications B 21. 

Table I.—Revise_ certain tensile 
strength values for alloy Nos. 2, 3, 4 and 
6 as follows: 


Present Value, Revised Value, 


New Section.—Add a new Section 14 
to read as indicated above for new Sec- 
tion 14 in Specifications B19, renum- 
bering subsequent sections accordingly. 

Tables IV and V.—Revise as indi- 


Diameter or Distance Between | 
Parallel Surfaces for Round, 
Hexagonal, Octagonal Rods 

and Square Bars, in. 


Rectangular Bars, Area’, 
. in. 


| Maximum 
Permissible 
Weight of 
Ends, Per 
Cent of Lot 
Weight 


| Shortest 
Permissible 
Length, | 
| Per Cent 
of Nominal 
| Length 


Length, 
t. 


| 0.250 and under 
. Over 0.250 to 1, incl 


-..! Over 1 to 2.25, incl....... 


Over 2.25 to 4, incl 
.| Over 4 to 9, incl 


+ Width times thickness, disregarding any rounded corners or edges. : 
Expressed to the nearest % ft. 


6 to 14, incl. 
6 to 14, incl. 
6 to 12, incl. 
6 to 12, incl. 
6 to 10, incl. 


| | Wand | 
‘under to 8 12.00, 
| | incl incl. 
0.0035 0.0045 0.006 0.008 
0.005 0.007 0.009 
0.0013 
0.0015 
0.002 
0.003 
0.0035 
0.005 
0.008 
0.012 
).30 per 
89 59 90 000 : 
n 98 50 99 000 
yn 
$$ 
4, » 
D 
re- 
1) 
on Over 4% to 1, incl......__. 
Over 1 to 1%, incl Pe 60 wv 
Over 1% to 2, incl... 50 45 : 
ed Over 2 to 3, incl. 
21 
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cated above for Tables IV and V in 
Specifications B 36. 

Tables VI and VII.—Revise to read 
as shown in the accompanying Tables II 
and IIT. 

Table VIII.—Delete the portion 
headed “Rolled Edge Metal (Not Pre- 
viously Slit).” 


TABLE VIII. 
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Section 5.—Revise to read as indicated 
above for Section 5 in Specifications B 21, 

Table IT.—Delete Footnote a. 

New Section.—Add a new Section 14 
to read as indicated above for new 
Section 14 in Specifications B 19, re. 
numbering subsequent sections accord- 
ingly. 


-PREFERRED SIZES OF ROUND SEAMLESS COPPER TUBE? & 
[X indicates the preferred sizes] 


Outside 


Wall Thickness, in. 


Diameter, in. 


XXKXX 


XXX XXXXX XXXXX | 

XX XXXXX XXXXX XXXXX | 
XXXXX XXXXX XXXXX | 

XXXXX XXXXX XXXXX_ XXXXX | 


0.010 0.013 0.016 0.020 0.025 0.032'0.040 0.049 0.065 '0.083'0. 100 


XXXXX XXXXX XXXXX XXX: 


>| XXXXX xXXXxX XXXXKX XXXKXXK XXX: 


XXX XXXXX XXXXX XXXXXK XXXX: 


XXXXX XXXXK XXXXX XXXXX XXX: : 
XXXX XXXXX XXXXK XXXXKX XXXXX 


| XXXXX XXXXK : 
XXXXX XXXXX XXXXX XXXXX 


XXXXX XXXXK KXXXKXKX 


XXXXK 


@ In conformance with the Simplified Practice Recommendations R 235-48 for Copper and Copper-/ Alloy Round Seam 


less" Tube issued by the U.S Department of Commerce. 


6 This tube is not necessarily available in all alloys in the full range of sizes shown. 


Tentative Specifications for Copper- 
Nickel-Zinc and Copper-Nickel Alloy 
Plate, Sheet and Strip (B 122 - 48 T): 


Table I.—For alloy Nos. 5, 6, and 7, 
revise the iron, tin, manganese and zinc 
‘requirements by deleting the zeros in the 
last right-hand place of the figures, and 
for these same alloys, substitute “Copper 

plus sum of named elements, 99.5 min., 
per cent,” for “Copper remainder.” De- 


Tables IV and V.—Revise as indi- 
cated above for Tables IV and V in 
Specifications B 36. 

Table VI.—Revise to read as shown i1 
the accompanying Table II. 

New Table-—Add a new Table VII 
read as shown in the accompanyilg 
Table III, renumbering  subsequet! 
tables accordingly. 


Tentative Specifications for Cartridge 
Brass Cartridge Case Cups (B 129 


a 
a 
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Section 5.—Revise to read as indicated 
above for Section 5 in Specifications B 19 
except that for portion size the first 
statement shall be “‘Pieces from at least 
20 cups in the lot for type I, or two 
cups for type IT’’. 

New Section—Add a new Section 8 
to read as indicated above for new 
Section 14 in Specifications B 19, renum- 
yering subsequent sections accordingly. 


Tentative Specifications for 
Metal Strip (B 130-47 T): 


Gilding 


Section 5.—Revise to read as indicated 
above for Section 5 in Specifications 
B19. 

New Section.—Add a new Section 14 
to read as indicated above for new 
Section 14 in Specifications B 19, re- 
numbering subsequent sections accord- 
ingly. 

Table IV.—In the last line revise 
thickness ‘‘0.187” to read ‘0.188” in. 

Table V.—In the heading for the third 
column revise thickness “0.187” to read 
“0.188” in. Delete the portion on 
“Rolled Edge Metal (Not Previously 
Slit)”. 

Tables VI and VITI.—Revise to read 
as shown in the accompanying Tables II 
and IIT. 

Table VIII.—Delete the portion on 


“Rolled Edge Metal (Not Previously 
Slit).” 


Tentative Specifications for Gilding 


Metal Bullet Jacket Cups (B 131- 
47T): 


Section 5—Revise to read as indicated 
above for Section 5 in Specifications 
B 19, except that for portion size the 
statement shall be “Pieces from at least 
20 cups in the lot.” 

Vew Section.—Add a new Section 9 to 
tead as indicated above for new Section 
I4 in Specifications B 19, renumbering 
subsequent sections accordingly. 
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Tentative Specifications for Copper Rods, 
Bars, and Shapes (B 133-48 T): 


Section 6.—Revise to read as indicated 
above for Section 5 in Specifications B 21 
except that the lot size shall be 10,000 lb. 

Table I.—Revise the requirements for 
minimum elongation in per cent as 


follows: 


4 Present, 
in 2 in. 


Revised 
Elongation 
min., per cent. 


* Elongation shall be determined on a gage length of 
4 X diameter or thickness of specimen except that in any 
case a minimum gage length of 1 in. shall be used. 


Section 10.—Change the reference to 
Section 6 (c) to refer to Section 14 (a). 

Section 11.—Change the reference to 
Section 6 (d) to refer to Section 14 (0). 

Section 14.--Incorporate the present 
Paragraphs (c) and (d) of Section 6 as 
new Paragraphs (a) and (0) of Section 14. 
Revise the present reference to Para- 
graph (a) in Section 6 (c) and Section 6(d) 
to read Section 6. Reletter the present 
Paragraphs (a) and (b) of Section 14 
respectively as (c) and (d), revising the 
reference to Section 6 (a) in Paragraph (a) 
to refer to Section 6. 

New Section.—Add a new Section 16 
to read as indicated above for new Sec- 
tion 14 in Specifications B 19, renum- 
bering subsequent sections accordingly. 

Section 17 (c).—Add a new Item (3) to 
read as indicated above for Section 12 (0) 
in Specifications B 21. 

Section 19.—Renumber as Section ‘20 
and revise Paragraphs (6) and (c) as in- 
dicated above for Section 15 in Speci- 
fications B21. 
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Tentative Specifications for Miscellane- 
ous Brass Tubes (B 135 - 47 T): 


Title—Revise by substituting the 
word “seamless” for “miscellaneous.” 

Section 1.—Add the word “seamless” 
before “commercial.” 

Section 4.—For alloy No. 1 change the 
copper content range from the present 
“83.0 to 86.0” to read “84.0 to 86.0” 
per cent. 


For alloy No. 2 change the maximum | 
the . 


permissible lead content from 
present “0.075” to read “0.07” per cent, 
and change the maximum permissible 
iron content from the present “0.06” to 
read “0.05” per cent. 

For alloy No. 3 change the lead con- 
tent range from the present “0.30 to 
0.80” to read ‘0.3 to 0.8” per cent. 

For alloy No. 4 change the lead content 
range from the present “1.25 to 2.00” 
to read “1.3 to 2.0” per cent. 

For alloy No. 5 change the maximum 
permissible iead content from the present 
“().80” to read “0.8” per cent. 

Section 5.—Revise to read as indicated 
above for Section 5 in Specifications B 21 
except that the portion size shall read 
“Pieces from 0.5 per cent of the number of 
individual lengths of the finished product.” 

New Section.—Add a new Section 13 
as indicated above for new Section 14 in 
Specifications B 19, renumbering subse- 
quent sections accordingly. 

New Appendix —Add an appendix as 
indicated above for Specifications B 75, 
excepting the title of the table will refer 
to brass tubing in place of copper tubing. 


Tentative Specifications for Phosphor 
Bronze Rods, Bars, and Shapes 
(B 139-48 T): 

Section 1.—Revise the term “grade” to 
read “alloy” through the section and 
make corresponding revisions in Section 
2, Item (/), and Table I and IT. 

Table I.—Delete the zeros in the last 
right hand place of figures for the tin 
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content in all grades, the lead and zinc 
limits for grade B2, and for copper 
plus other elements specified for all 
grades. Delete “copper remainder.” 

Revise the lead content range for 
grade B1 from the present “0.80 to 1.25” 
to read “0.8 to 1.2” per cent. 

For grade D revise the phosphorus 
content range from the present “‘0.03 to 
0.25” to read ‘0.03 to 0.35” per cent. 
For copper plus other elements specified 


‘revise the present “99.60” to read “99.5” 


per cent. 

Revise Footnote a to read “... iron 
content of 1.2 per cent may be permitted 
providing that the copper plus tin plus 
lead plus phosphorus plus iron plus 
manganese content is not less than 
99.5 per cent.” 

Section 5.—Revise to read as indicated 
above for Section 5 in Specifications B 21 
except that minimum sample weight 
shall be 225 g. 

Table IT.—Revise the requirements for 
minimum elongation in per cent as follows: 


Present, 
in 2 in. 
12 
15 
20 
10 
15 


Revised Elongation 


Grade min., per cent® 


@ Elongation shall be determined on a gage length of 
4 X diameter or thickness of s ee except that in any 
case a minimum gage length of 1 in. shal! be used. 


7 
| 
| 
“| 
18 
10 
A 
| 
| 
\ 
: 4 
| 
| 
15 
| 


th of 
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TABLE [X.—THICKNESS TOLERANCES FOR RECTANGULAR AND SQUARE BARS. 
Tolerances are plus and minus; if tolerances all plus or all minus are desired, double the values given. 


— 


Width, in. 
Thickness, in. Over% | Over 1% 


| Over 4.00 | Over 8.00 
ond to 114 to2.00, | Over2.00to | 148.00, | to 12.09, 
| incl. incl. incl. incl. 
Over 0.188 to 0.500, incl............. 0.005 | 0.005 0.006 0.007 0.009 0.012 
Over 0.500 to 1.00, incl............. } : 0.006 0.007 0.008 0.010 0.013 
Guar 150 to 0.006 0.007 0.009 0.011 ; 
Over 2.00 to 4.00, incl.......... 0.50 per cent® 


2 Expressed to the nearest 0.001 in. 


Section 7.—Delete and renumber sub- the accompanying Table X. 


sequent sections accordingly. Table VI.—Revise to read as shown in 
Section 8.—Renumber as Section 7 and the accompanying Table XI. 
delete Paragraph (6). Section 11 (c).—Add a new Item (3) to 


Section 9.—Renumber as Section 8and _ read as indicated above for Section 12 (0) 
in Paragraph (6) delete the reference to in Specifications B 21. 


bend test specimen. Section 13.—Revise as indicated above 
New Section.—Add a new Section 10 for Section 14 in Specifications B 21. 

to read as indicated above for new Section 14.—Revise Paragraphs (6) 

Section 14 in Specifications B 19. and (c) as indicated above for Sections 


Table I1V.—Revise to read as shown in 15 (0) and (c) in Specifications B 21. 
the accompanying Table IX. 
Table V.—Revise to read as shown in’ Tentative Specifications for Aluminum 
Bronze Rods, Bars, and Shapes 


TABLE X._WIDTH TOLERANCES FOR 
RECTANGULAR BARS. (B 150-48 T): 


Width. i Tolerances, plus Section 4.—Revise alloy designations 
idth. in. and minus,? in. 


types I and II to read _ respectively | 
0050 and under alloy Nos. 1 and 2” and make corre- 
ver 0.050 to 0.090, incl.............. 0.002 ; isions in Secti Table 
sponding revisions in Section 6, Table I. 
Over 0.130 to 0.188, incl.............. 0.004 For types I and II delete the final 
Over 0.188 to 0.500, incl.............. 0.005 
Over 0.500 to 1.25, incl............... 0.007 zero in the last right hand place of 
Over 2.00 to 4.00, incl. ............- 0.015 figures in the requirements for copper, 
Over 4.00 to 12.00, incl............... 0.50 per cent” 


aluminum, iron, nickel, manganese, and 


* When tolerances are specified as all plusorall minus, for tin and zinc in type ;. 
double the values given. 


Expressed to the nearest 0.001 in. For type I revise the maximum silicon 


TABLE XI.—SCHEDULE OF LENGTHS (SPECIFIC AND STOCK) WITH ENDS. 


: | Shortest | Maximum 
Diameter or Distance Between | Permissible Permissible 
Parallel Surfaces for Round, Rectangular Bars, Area®, Nominal Length, | Length,” Weight of 
Hexagonal, Octagonal Rods sq. in. ft. ver cent Ends, per 
and Square Bars, in. H di Nominal cent of Lot 
| zength Weight 
and under | 6 to 12, incl. 65 30 
2600 incl... Over 0.250 to 1, incl........... to 12, incl. 60 40 
Wer 1 to 14, incl Over ined... 6 to 10, incl. 50 50 


, Width times thickness, disregarding any rounded corners or edges. 


Expressed to the nearest 4 ft. 


I") 

| 

any : 
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limit from the present “2.25” to read 
“2.2” per cent and tellurium from the 
present “0.65” to read “0.6” per cent. 
Revise the last item in the tabulation to 
read “Sum of named elements, min., 
per cent... 99.5” for types I and II. 

Section 5.—Revise to read as indicated 
above for Section 5 in Specifications B 21 
except that minimum weight 150 g. 
shall be 225 g. 

Table I.—Revise the requirements for 
minimum elongation in per cent as 
follows: 


Revised Elongation, 


Present, 
Type in 2 in. min., per cent® 

I 15... .10 , 
20... 12 
12 
5 
6 
10 


@ Elongation shall be determined on a gage length of 
4 X diameter or thickness of specimen except that in any 
case a minimum gage length of 1 in. shall be used. 


Section 7.—Delete and renumber sub- 
sequent sections accordingly. 

Section 9.—Renumber as Section 8 and 
delete Paragraph (0). 

Section 10.—Renumber as Section 9 
and in Paragraph (0b) delete the reference 
to bend test specimen. 

New Section.—Add a new Section 11 
to read as indicated above for new 
Section 14 in Specifications B 19. 

Section 12 (c).—Add a new Item (3) to 
read as indicated above in Section 12 (6) 
of Specifications B 21. 

Tables IIT and IV .—RKevise to read as 
shown in the accompanying Tables IX 
and X. 

Table VIT.—Revise to read as shown 
in the accompanying Table XI. 

Section 14.—Revise as indicated above 
for Section 14 in Specifications B 21. 

Section 15,—Revise Paragraphs (6) 
and (c) as indicated above for Section 
15 (6) and (c) in Specifications B 21. 
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Tentative Specifications for Copper- 
Nickel-Zinc Alloy Rods and Bars 
(B 151-48 T): 


Table I.—Delete Footnote a. 
Section 6.—Revise to read as indicated 
above for Section 5 in Specifications B 21, 

Table IT.—Delete Footnote a. 

Table III.—Delete Footnote a. 

New Section.—Add a new Section 12 
to read as indicated above for new Sec- 
tion 14 in Specifications B 19, renum- 
bering subsequent sections accordingly. 

Tables V, VI and VII.—Revise to 
read as shown in the accompanying 
Tables, IX, X and XI. 

Section 12.—Renumber as Section 13 
and revise Paragraph (6) as indicated 
above for Section 12 (4) in Specifications 
B 21. 

Section 14.—Renumber as Section 15 
and revise Paragraphs (6) and (c) as 
indicated above for Section 15 (0) and (c) 
in Specifications B 21. 


Tentative Specifications for Copper 
Sheet, Strip, and Plate (B 152 -— 48T): 


Table I.—For types DHP and DPS, 
revise the maximum phosphorus content 
from the present “0.04” to read “0.040” 
per cent. 

Section 5.—Revise to read as indicated 
above for Section 5 in Specifications B 21 
except that the lot size shall be 10,000 lb. 

Section 14.—Revise the present con- 
ductivity “100” to read “100.00” per 
cent. 

New Section—Add a new Section 17 
to read as indicated above for new Sec 
tion 14 in Specifications B 19, renum- 
bering subsequent sections accordingly. 

Table IV.—In the first column, lines 12 
and 13, revise present thickness “0.187” 
to read “0.188” in. 

Table V.—In the heading for the 
third column revise thickness “0.187” 
to read “0.188” in. Under “Square 
Sheared Metal,” first column, revise 
present width “60” to read 120” in. 


| | 

te 


Revise the portion on “Sawed Metal” to 
read aS shown in the accompanying 
Table I. 

Table VI.—Revise to read as shown 
in the accompanying Table II. 

New Table.—Add a new Table VII 
to read as shown in the accompanying 
Table III, renumbering subsequent tables 
accordingly. 


Tentative Specifications for Phosphor 
Bronze Wire (B 159-47 T): 


Section 1.—Revise the term “‘grade” to 
read “alloy” throughout the section and 
make corresponding revisions in Section 
2, Item (7), Tables I, II, and ITI, Section 
8, and in the Explanatory Note. 

Table I.—For all grades delete the 
final zero in the last right-hand place of 
figures in the limits for tin and copper 
plustin plus phosphorus. Delete “copper 
remainder.” For grade D revise the 
phosphorus content range from the pres- 
ent “0.03 to 0.25” to read “0.03 to 0.35” 
per cent and for copper plus other ele- 
ments specified revise the present “99.60” 
to read “99.5” per cent. Delete Foot- 
note a. 

Section 5.—Revise to read as indicated 
above for Section 5 in Specifications B 21, 
except that for portion size “length” 
shall read “coil”, and minimum sample 
weight shall be 225 g. 

Tables IT and IIT.—Delete Footnote 6. 

Vew Section.—Add a new Section 10 to 
read as indicated above for new Section 
l4 in Specifications B 19, renumbering 
subsequent sections accordingly. 


Tentative Specifications for Aluminum 
Bronze, Plate, Sheet and Strip “ 


(B 169-47 T): 

Section 1 (a).—Revise the second 
fntence to read “Three alloys desig- 
nated A, C, and D are specified as 
wn in Table I.” 

Section 2.—Revise Item (1) to read: 
Alloy designation (Table I).” 
Section 4.—Revise Table I to read: 


to read as 
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Alloy A Alloy C Alloy D 

Copper, per cent 92.0 to 96.0 90.0 to 93.0 88.0 to 92.5 
Aluminum, per 

cent........... 4.0to 7.0 7.0to 9.0 6.0 to 8.0 
Iron, per cent... 0.50 max. 0.50 max. 1.5to 3.5 
Copper plus 

aluminum plus 

iron, min., per 

99.5 99.5 99.5 


Section 5.—Revise to read as indicated 
above for Section 5 in Specifications B 21. 

Table II.—Add requirements for alloy 
D as shown in the accompanying Table 
IV. 

New Section.—Add a new Section 10 
to read as indicated above for new 
Section 14 in Specifications B 19, renum- 
bering subsequent sections accordingly. 

Tables III and IV.—Revise as indi- 
cated above for Tables IV and V in 
Specifications B 152. 

Tables V and VI.—Revise to read as 
shown in the accompanying ‘Tables 


Tentative Specifications for Copper Bus 
Bars, Rods, and Shapes (B 187 —- 48 T): 


Section 4 (b).—Revise to read “The 
copper will normally be of the ETP, OF, 
OFS, STP or DLP types of the Tentative 
Classification of Coppers (A.S.T.M. Des- 
ignation: B 224),2 but may be of such 
other types as may be agreed upon be- 
tween the purchaser and the manu- 
facturer. 

Table I.—Revise the requirements for 
minimum elongation in per cent as 
follows: 


Present, Revised Elongation, 
in 2 in. min., per cent 

15 


@ Elongation shall be determined on a gage length of 


4 X diameter or thickness of —— except that in any 
case a minimum gage length o 


1 in. shall be used. 

New Section.—Add a new Section 11 

indicated above for new 


" 
be 
14 nal 


Section 14 in Specifications B 19, renum- 
bering subsequent sections accordingly. 
Table III.—Revise to read as shown in 
the accompanying Table XII. 
Tables IV and VI.—Revise to read as 
shown in the accompanying Tables VI 
and VII. 


Section 5.—Revise to read as indicated 
above for Section 5 in Specifications B 21. 
New Section.—Add a new Section 12 
to read as indicated above for new 
Section 14 in Specifications B 19, renum- 
bering subsequent sections accordingly, 
Tables IV and V.—Revise as indi- 


TABLE XII.—THICKNESS TOLERANCES FOR RECTANGULAR AND SQUARE BARS. 
Tolerances are plus and minus; if tolerances all plus or all minus are auiee, double the values given. 


Thickness, in. 


0.013 and under 

Over 0 013 to 0.050, incl. 
Over 0.050 to 0.090, incl. 
Over 0.090 to 0.130, incl. 
Over 0.130 to 0.188, incl. 
Over 0.188 to 0.500, incl. 
Over 0 500 to 1.00, incl 
Over 1.00 to 2.00 incl.. 
Over 2.00 to 4.00, incl. 


to the nearest 0.001 in. 


Table VII.- 
in the accompanying Table XIII. 

Section 13.—Renumber as Section 14 
and revise Paragraphs (6) and (c) as 
indicated above for Section 15 (6) and (c) 
in Specifications B 21. 


Tentative Specifications for Copper Bus 
Pipes and Tubes (B 188 —- 47 T): 


Title—Add the word “seamless” be- 
fore “copper.” 

Section 1.—Add the word “seamless” 
before “copper”. Add “Copper will 
normally be of the types OF, OFS, STP, 
ETP or DLP of the Tentative Classifica- 
tion of Coppers (A.S.T.M. Designation: 
B 224). 

New Section.—Add a new Section 11 
to read as indicated above for new Sec- 
tion 14 in Specifications B 19, renumber- 
ing subsequent sections accordingly. 


Tentative Specifications for Beryllium- 
Copper Alloy Plate, Sheet and Strip 
(B 194-47 T): 


q Section 4.—Delete Footnote a. 


—~Revise to read as shown 


Width, in. 


Over 8.00 
to 12.00, 
incl. 


| Over 4.00 | 
to 8.00, | 


Over Over 2.00 to 


| 
| 4,00, incl. 


| 


| 0.30 per ¢ cent® 


cated above for Tables IV and V in 
Specifications B 152. 

Table VI and VII.—Revise to read 
as shown in the accompanying Tables 
II and III. 


Tentative Specifications for Beryllium- 
Copper Alloy Strip, Special Grade 
(B 195-47 T): 


Section 4.—Delete Footnote a. 

Section 5.—Revise to read as indicated 
above for Section 5 in Specifications B 21. 

New Section.—Add a new Section 12 
to read as indicated above for new Sec- 


TABLE XIII.—STRAIGHTNESS TOLERANCES. 


APPLICABLE TO ANY LONGITUDINAL SURFACE 
OR EDGE. 


| 
Portion of 

Maximum | 
Total Length 
in Which 


Depth of 
(Der thof | pt 
Arc), in. Arc is Meas 


120 
72 
Bare hard- drawn rectan- 
~y bars listed in foliowing 
ine) 
Hard-drawn rectangular ‘bars 
to % in., incl in thickness, 
aving widths ranging from 2 
to 6 1n., incl 
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a 
T 
Mb 
t under incl. incl. incl. 
0.002 0.002 0.0025 0.003 0.0035 
aeons 0.0025 0.0025 0.003 0.0035 0.004 0.005 
0.003 0.003 0.0035 | 0.004 0.0045 0.0055 
0.004 0.004 | 0.0045 0.005 0.006 
0.0045 0.0 0.006 
ng \ 
Ix 
y 
and 
| 
ope 
7 
que: 
Je: 7 
and 
Se 
Ne 


tion 14 in Specifications B 19, renumber- 
ing subsequent sections accordingly. 

Tables VI and VII.—Revise to read 
5 shown in the accompanying Tables IT 
and IIT. 


Tentative Specifications for Beryllium- 
Copper Alloy Rod and Bar (B 
196 - 48 T): 


Section 4.—Delete Footnote a. 

Section 5.—Revise to read as indicated 
above for Section 5 in Specifications B 21. 

Tables IT and ITT.—Revise the require- 
nents for minimum elongation in per 
ent as follows: 


Revised Elongation, 


H H 
Present, in 2 in. min., per cent? 
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20 
7 
8 


* Elongation shall be determined on a gage length of 
4X diameter or thickness of specimen exce,t tnat in any 
ease a minimum gage length of 1 in. shall be used. 

New Section.—Add a new Section 12 
to read as indicated above for new Sec- 
tion 14 in Specifications B 19, renumber- 
ing subsequent sections accordingly. 

Tables VI and VII.—Revise to read 
a shown in the accompanying Tables 
IX and X. 

Table VIJI.—In the first line, revise 
thickness “0.187” to read “0.188” in. 

Section 12.—Renumber as Section 13 
and add a new Paragraph (g) to read as 
indicated above for Section 12 (6) in 
Specifications B 21. 

Table X.—Delete and renumber subse- 
quent tables accordingly. 

Table XI.—Renumber as Table X 
and revise to read as shown in the 
accompanying Table XI. 

Section 13.—Renumber as Section 14 
and revise Paragraphs (6) and (c) as 


RECOMMENDATIONS ON STANDARDS FOR COPPER AND COPPER ALLOYS 


189 
indicated above for Sections 15 (6) and © 
(c) in Specifications B 21. 


Tentative Specifications for Beryllium- 
Copper Alloy Wire (B 197-47 T): 


Section 4.—Delete Footnote a. 

Section 5.—Revise to read as indicated _ 
above for Section 5 in Specifications B 21 
except that in portion size “length” | 
shall read ‘‘coil’’. 

Table IT.—Delete Footnote a. 

Table I1T.—Delete Footnote a. 

New Section.—Add a new Section 13 
to read as indicated above for new 
Section 14 in Specifications B 19, renum- 
bering subsequent sections accordingly. 


Tentative Specifications for Copper- 
Nickel-Zinc Alloy Wire (B 206-47 T): 


Section 2.—In Item (/) revise “type — 


alloy” to read “alloy designation”’. 


Table I.—Delete Footnote a. 


Section 5.—Revise to read as indicated 
above for Section 5 in Specifications B 21 


read ‘‘coil’’. 

Table [T.—Delete Footnote a. 

New Section.—Add a new Section 13 
to read as indicated above for new Sec- 
tion 14 in Specifications B 19, renumber- 
ing subsequent sections accordingly. 

Tables V and VIJ.—In the first 
column, revise thickness ‘0.187” to 
read “0.188” in. 


Tentative Recommended Practice for 
Preparing Tension Test Specimens 
for Copper-Base Alloy Castings 
(B 208 — 46 T): 


The proposed revision of this recom- 
mended practice includes more definite — 
sections on scope, test coupons, and 
methods of casting test specimens with 
revised drawings which include details 
for gates and risers, as given in the re- 
vised recommended practice appended 
hereto.® 


3. ~~+€xcept that in portion size “length” shall 
1 
2 


3 This revised recommended practice was accepted by 
the Society and appears in the 1949 Book of A.S.T.M. 
Standards, Part 2. 


. 
| | 
| 
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REVISION OF STANDARDS, IMMEDIATE 
ADOPTION 


The committee recommends, for im- 
mediate adoption, revisions in 35 specifi- 
cations as indicated below and accord- 
ingly asks for a nine-tenths affirmative 
vote at the Annual Meeting in order that 
these modifications may be referred to 
letter ballot of the Society. 


for Copper 
Fireboxes 


Standard Specifications 
Plates for Locomotive 
(B 11-47): 


Section 1.—Revise grade designations 
1, 2, 3 and 4 to read, respectively, Types 
ETP/FRTP, DHP, ATP and DPA, 
making a reference to the Tentative 
Classification of Coppers (A.S.T.M. Des- 
ignation: B 224) and indicating the 
present designations as being replaced. 
Make corresponding revisions in Sections 
2, 4, 6, 11 and 13. 

Section 4.—For grade 1 revise the 
minimum copper requirement from the 
present “99.90” to read “99.88” per cent. 

Section 5.—Revise to read as indicated 
above for Section 5 in Tentative Specifi- 
cations B 21. 

Table [.—In the last column, line 5, 
add the value “8”. 

New Section.—Add a new Section 11 to 
read as indicated above for new Section 
14 in Tentative Specifications B 19, 
renumbering the subsequent sections 
accordingly. 


‘Standard Specifications for Copper Rods 
for Locomotive Staybolts (B 12-47): 


Section 1.—Revise to read ‘These 
specifications cover arsenical and non- 
arsenical copper rods for locomotive 
staybolts.” 

Section 2.—In Item (/) revise “grade 
of copper” to read “whether arsenical or 
nonarsenical.” 

Section 3.—Add a new Paragraph (0) 
to read as follows relettering the present 
Paragraph (0) as (c): “ (6) The arsenical 
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copper will normally be of types DPA or 
ATP and the nonarsenical copper of 
types ETP, FRTP, DHP, DLP or OF 
of the Tentative Classification of Cop- 
pers (A.S.T.M. Designation: B 224). 

Section 4.—Revise Paragraph (a) to 
read ‘“‘(a) Arsenical Copper.—Arsenical 
copper shall contain 0.15 to 0.50 per cent 
of arsenic with the copper plus silver plus 
arsenic content 99.88 per cent, min. 
Delete the second sentence of Para- 
graph (0). 

Section 5.—Revise to read as indicated 
above for Section 5 in Tentative Speci- 
fications B 21 except that the lot size 
shall be 10,000 lb. 

Section 10.—Delete and renumber the 
subsequent sections accordingly. 

New Section.—Add a new Section 11 
to read as indicated above for new 
Section 14 in Tentative Specifications 
B 19. 


Standard Specifications for Seamless 
Copper Boiler Tubes (B 13-41): 


Section 1.—Revise to read “These 
specifications cover seamless arsenical 
and nonarsenical copper tubes for loco- 
motive boilers. Arsenical copper will 
normally be of the type DPA and non- 
arsenical of the types DHP, DLP or OF 
of the Tentative Classification of Cop- 
pers (A.S.T.M. Designation: B 224).”* 

Section 2.—In Item (1) revise “grade” 
to read ‘“‘whether arsenical or not- 
arsenical.” 

Section 4.—In Paragraph (a) change 
the value “99.45” to read “99.40” and 
revise the second sentence to read “The 
total copper plus silver plus arsenic 
content shall not be less than 99.88 per 
cent. In Paragraph (6) delete the | 
second sentence. ; 

Section 5 (a).—Revise to read as ind: 
cated above for Section 5 in Tentative 
Specifications B 21 except that the lot 
size shall be “600 tubes or fractiot 
thereof” and portion size “pieces from 


| 

Sta 
B 
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»o individual lengths of the finished 
product.” 

Vew Section.—Add a new Section 13 to 
read as follows renumbering the subse- 
yent sections accordingly. 


13. Methods of Chemical Analysis.—The 

chemical compositions enumerated in these 
secifications shall, in case of disagreement, be 
termined in accordance with the following 
methods of the American Society for Testing 
laterals: 


Test 
hemical Analysis 


A.S.T.M. Designation® 
53andE 62 


* These designations refer to the following methods of 


sting: 
Method of Chemical Analysis of 3 (Elec- 


trolytic Determination of Copper) (A.S.T. 
tion: E 53),! and 
Tentative Photometric Methods for Chemical Analysis 
of Copper and Copper-Base Alloys (A.S.T.M. Desig- 
nation: E 62).! 


. Designa- 


New Section—Add a new Section 14 
to read as indicated above for new 
section 14 in Tentative Specifications 
} 19, renumbering subsequent sections 
accordingly. 


Standard Specifications for Seamless 
Brass Boiler Tubes. (B 14-18): 


Section 4.—Change the minimum cop- 
et content from the present “69.00” to 
ead “68.5” per cent and maximum lead 
irom “0.50” to read “0.07” per cent. 

Seclion 5 (a).—Revise as indicated 
above for Section 5 (a) in Specifications 
B 13, 

New Section.—Add a new Section 12 
t) read as indicated above for new 
ection 13 in Specifications B 13, 
isting only the following tests: 


Test A.S.T.M. Designation® 
Chemical Analysis 36 


a 
Standard Methods of Chemical Analysis of Brasse: 
ASTM. Designation: E 

New Section.—Add a new Section 13 
to tead as indicated above for new 
‘ction 14 in Tentative Specifications 
8 19, renumbering subsequent sections 


accordingly, 
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Standard Specifications for Free-Cutting 
Brass Rod and Bar for Use in Screw 
Machines (B 16 — 47): 


Seclion 4.—Change the required lead 
content range from the present “2.50 to 
3.75” to read “2.5 to 3.7.” 

Section 5.—Revise to read as indicated 
above for Section 5 in Tentative Speci- 
fications B 21. 

Section 8.—Delete and renumber sub- 
sequent sections accordingly. 

Section 9.—Renumber as Section 8 and 
delete Paragraph (0). 

Section 10.—Renumber as Section 9 
and in Paragraph (a) delete reference 
to bend test specimens. 

New Section.—Add a new Section 11 
to read as indicated above for new Sec- 
tion 14 in Tentative Specifications B 19, 
renumbering the subsequent sections 
accordingly. 

Tables III, IV, V.—Revise to read 
as shown in the accompanying Tables, 
V, VI and VII. 

Section 12 (b).—Revise as indicated 
above for Section 12 (6) in Tentative 
Specifications B 21. 

Section 14.—Revise as indicated above 
for Section 15 in Tentative Specifications 
B 21. 


Standard Specifications for Copper-Base 
Alloys in Ingot Form for Sand Cast- 
ings (B 30-48): 


Section 1.—Revise the words “nu- 
merical designations” to read “alloy num- 
bers.” Make corresponding revisions in 
Tables I, II and III. 

New Section.—Add a new Section 8 
to read as indicated above for new Sec- 
tion 14 in Specifications B 19, renumber- 
ing subsequent sections accordingly. 
Standard Specifications for Copper Pipe, 

Standard Sizes (B 42 — 47): 


Title—Add the word “seamless” be- 
fore “copper.” 

Section 1.—Add “The copper will 


J 
4 
jon 
om 


normally be of the types DHP, DLP or 
OF of the Tenta ive Classification of 
Coopers (A.S.T.M. Designation: B 224). 

Sec'ion 5.—Kevise as indicated above 
for Section 5 in ‘Tentative Specifications 
B75. 

New Section.—Add a new Section 12 
to read as indicated above for new Sec- 
tion 14 in Tentative Specifications B 19, 
renumbering subsequent sections 
accordingly. 


Standard Specifications for Red Brass 
Pipe, Standard Sizes (B 43-47): 


Title-—Add the word “seamless” be- 
fore “red.” 

Section 4.—Revise the required copper 
content from the present ‘83.00 to 
86.00” to read “84.0 to 86.0” per cent. 
Delete tin requirements. 

Section 5.—Revise as indicated above 
for Section 5 in Tentative Specifications 
B 75. 

New Section—Add a new Section 
13 to read as indicated above for new 
Section 14 in Tentative Specifications 
B 19, renumbering subsequent sections 
accordingly. 


Standard Specifications for Steam or 
Valve Bronze Castings (B 61 — 46): 
Seclion 8.—Revise the reference to 

Fig. 2 to refer to Fig. 1. 

New Section—Add a new Section 
10 to read as indicated above for new 
Section 14 in Tentative Specifications 
B 19, renumbering subsequent sections 
accordingly. 


Standard Specifications for Composition 


Brass or Ounce Metal 

(B 62 — 46): 

Seclion 8.—Revise the reference to 
Fig. 2 to refer to Fig. 1. 

New Section.—Add a new Section 10 
to read as indicated above for new 
Section 14 in Tentative Specifications 
B 19, renumbering subsequent sections 
accordingly. 


Castings 
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Standard Specifications for Bronze Cast. 
ings in the Rough for Locomotiye 
Wearing Parts (B 66-46): 


New Section—Add a new Section § 
to read as indicated above for ney 
Section 14 in Tentative Specifications 
B 19, renumbering subsequent sections 
accordingly. 


Standard Specifications for Car erd 
Tender Journal Bearings, Lined 
(B 67 — 46): 


Section 3.—Change the lead content 
from the present maximum value of 
“24.0” to read “15.0 to 22.0” per cent 

New Section.—Add a new Sectio 
9 to read as indicated above for ne 
Section 14 in Tentative Specifications 
B 19, renumbering subsequent section: 
accordingly. 


Standard Specifications for Seamless 
Copper Tubing, Bright Annealed 
(B 68 — 47): 


Section 1.—Add the word “seamless 
before “copper.” Revise type desig 
nations A, B, and D to read, respective) 
DLP, DHP and OF. Make correspon¢ 
ing revisions in Sections 4 and § 
Add a reference to the Tentative Class- 
fication of copper (A.S.T.M. Design: 
tion: B 224),? and indicate that the 
present designations are being replace 

Section 5.—Revise as indicated abort 
for Section 5 in Tentative Specification 
B 75, except that lot size shall | 
5000 lb. 

New Section.—Add a new Section! 
to read as indicated above for m€ 
Section 14 in Tentative Specificatia 
B 19, renumbering subsequent sectiot 
accordingly. 


Standard Specifications for Copp 
Water Tube (B 88 - 48): 
Tille—Add the word “seamless” 


fore “copper.” 
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Seclion 7.—Revise as indicated above 
for Section 5 in Tentative Specifications 
B 75. 

New Section—Add a new Section 
13 to read as indicated above for new 
Section 14 in Tentative Specifications 
B 19, renumbering subsequent sections 
accordingly. 

Section 15.—Renumber as Section 16 
and in Paragraph (6) revise the value 
“3” to read “7” per cent. 


Standard Specifications for Copper-Sili- 
con Alloy Plate and Sheet for Pressure 
Vessels (B 96 — 47): 


Section 2.—In Item (J) revise the 
term “type” to read “‘alloy designation,” 
and add a footnote explaining the re- 
vision. 

Table I.—Revise the term “type” 
to read “alloy.” Delete all zeros in the 
last right hand place of figures for 
chemical limits, revise the minimum 
silicon in type A to read “2.8”, the 
maximum manganese in type C to read 
“1.2”, and the maximum tin in type 
A to read “0.7” per cent. 

Section 5.—Revise to read as indicated 
above for Section 5 in Tentative Speci- 
fications B 21. 

New Section.—Add a new Section 8 
to read as indicated above for new 
Section 14 in Specifications B 19, 
renumbering subsequent sections 
accordingly. 

Section 10—Renumber as Section 11 
and revise the term “types” to read 
“alloys.” 

Table IT.—Revise the title to read: 
“Lot Weight Tolerances in Percentage 
of Theoretical Weight—All Plus.” 

Table ITI.—Revise the term “type” 
‘0 read “alloy” and the alloy desig- 
nation Nos. 1, 2, etc., to read “A-1, 
A2, etc.” Delete the column headed 
“copper”. For chemical limits delete 
all zeros in the last right-hand place of 
figures. Revise those limits which do 
hot have zeros in the last place as 


RECOMMENDATIONS ON STANDARDS FOR COPPER AND CoppeR ALLOYS 193 


follows, adding for alloy No. 24 a maxi- 
mum lead content of “0.05” per cent: 


7 


| 
Alloy Desig- | Silicon, | Tron, Manga- Tin, } 
nation | percent | percent | ner cent 

| cent 

| 

| 
l2.8t03.5 0.5 to1.2 


con Alloy Plate, Sheet and Strip 

for General Purposes (B 97-47): 

Section 2.—In Item (/) revise the 
term “type” to read ‘‘alloy designation,” 
and add a footnote explaining the 
revision. 

Table I.—Revise as indicated above 
for Table I in Specifications B 96 and 
for type B revise the silicon limits to 
read “0.8 to 2.0” and the maximum 
manganese to read “0.7” per cent. 

Section 5.—Revise to read as indicated 
above for Section 5 in Tentative Speci- 
fications B 21. 

Table II.—Revise the term “types” 
to read “alloys.” 

New Section.—Add a new Section 10 
to read as indicated above for new 
Section 14 in Tentative Specifications 
B 19, renumbering subsequent sections 
accordingly. 

Seciion 11.—Renumber as Section 12 
and revise the term “types” to read 
“alloys”. 

Tables III and IV.—Revise as in- 
dicated above for Tables IV and V in 
Tentative Specifications B 152. 

Table V.—Revise to read as shown in 
the accompanying Table IT. 

New Table.—Add a new Table VI to 
read as shown in the accompanying 
Table III, renumbering subsequent tables 
accordingly. 

Table VIIT.—Renumber as Table IX 
and revise as indicated above for Table 
III in Specifications B 96 with the 
following additional changes. 
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above for Section 5 in Specifications 
B 21. 

Table II.—Revise the term “types” 
to read “alloys”. 

Section 7.—Delete and renumber sub- 
sequent sections accordingly. 


Alloy 
Designation 


Silicon, 


Manganese, | 
per cent 


Tin, 
per cent per cent 


1.3 to 1.6 


0.10 to 0.50 
1.3 to 1.7 ies 
0.2 to 0.4 


1.8 to 2.2 


0.2 to 0.3 


TABLE XIV.—DIAMETER TOLERANCES, COLD-DRAWN RODS. 
Tolerances are plus and minus unless otherwise indicated: if tolerances all plus or all minus are desired, double 


the values given. 
Diameter or Distance Between Parallel 
Surfaces, in. 


0.150 and under 

Over 1.00 to 3.00, 
Over 2.00 


Tolerances, plus and minus, in. 


Type B Types A, C and D 


Hexagonal 
Octagonal 


0.0025 
0.003 
0.004 


0.005 
0.30 per cent? 


Hexagonal, 


Round Octagonal 


0.0013 
0.015 
0.002 
0.0025 
0.15 per cent? 


0.004 

0.005 
0.004 

0.20 per cent® 


0.006 
0.40 per cent® 


® Expressed to the nearest 0.001 in. 


TABLE XV.—THICKNESS TOLERANCES, COLD-DRAWN RECTANGULAR AND SQUARE BARS. 


Thickness, in. 


.500, incl 


Tolerances, plus and minus, for Widths Given, in. 


Over 4% Over 1% Over 4.00 | 


Over 2.09 to 
4.00, incl. 


0.0045 
0.005 


0.006 
0.30 per cent? 


D ALLoy 


Over 0.188 to 0.500, incl 
Over 0.500 to 1.00, incl 
Over 1.00 to 2.00, incl 
Over 2.00 to 4.00, incl 

4 


0.006 
0.007 
0.007 


0.007 

0.008 

0.009 
0.50 per cent® 


@ Expressed to the nearest 0.001 in. 


| Standard Specifications for Copper-Sili- 
con Alloy Rods, Bars, and Shapes 

(B 98 47): 

Section 2.—In Item (/) revise the 
term “type” to read “alloy designation,” 
and add a footnote explaining the 
revision. 

Table I.—Revise as indicated above 
for Table I in Specifications B 97 and for 
type D revise silicon limits to read 


“2.8 to 3.5” per cent. 
_ Section 5.—Revise to read as indicated 


Section 8.—Renumber as Section 7 and 
delete Paragraph (6). 
Section 9.—Renumber as Section § 
and in Paragraph (0) delete the reference 


to bend test specimen. 


Table III.—Revise to read as shown it 
the accompanying Table XIV. 

Table IV.—Revise to read as show) 
in the accompanying Table XV. 

Table V.—Revise to read as shown 
the accompanying Table XVI. 7 


| 
st 
Overs. 
5 & } incl. | incl. | } incl. | ined. 
Tyre B ALLoy 
‘Over 0.188 to 0 — 0.004 0.0045 | 0.006 0.008 
0.0045 0 005 | | 0.007 0.009 
Over 1.00 to 2.00, 0.005 0.005 0.008 
4 Tyres A, C anp 
: 0.005 | 9.008 0.012 ' 
Stanc 
Cor 
“OTTES 
Tal 
i 
| 


Table VII.—Revise to read as shown 
the accompanying Table XI. 

Vew Section.—Add a new Section 10 
read as indicated above for new 
tion 14 in Tentative Specifications 
19, renumbering subsequent sections 
cordingly. 

Section 11.—Revise Paragraph  (c) 
read as indicated above for Sec- 


BLE XVI.—WIDTH TOLERANCES FOR COLD- 
DRAWN RECTANGULAR BARS 


Tolerances, plusand 
minus, in. 
Width. in. | 
; | Types A,C 
TypeB andD 
er 0.050 to 0.090, incl....... 0.0015 0.002 
er 0,090 to 0.130, incl....... 0.002 0.003 
er 0.130 to 0.188, incl....... 0.003 0.004 
er 0.188 to 0.500, incl....... 0.0035 0.005 
yer 0.500 to 1.25, 0.005 0.007 
ver 1.25 to 2.00, ea. 0.008 0.010 
- vet 2.00 to 4. 00, eee 0.012 0.015 
ver 4.00 to 12. 00, as 0.30 per 0.50 per 
cent® cent® 


* Expressed to the nearest 0.001 in. 


in 12 (6) in Tentative Specifications 
B21. 

Section 13.—Revise Paragraphs (6) 
nd (c) as indicated above for Section 
}(b) and (c) in Tentative Specifica- 
ins B 21. 

Table 1X.—Revise as indicated above 
ot Table VIII in Specifications B 97. 
\ls for alloy No. 31, revise silicon 
imits to read “2.8 to 3.2” and lead to 
read “0,2 to 0.5” per cent. 


Standard Specifications for Copper-Sili- 
con Alloy Wire for General Purposes 
B99- 47): 


Section 2—In Item (/) revise the 
‘tm “type” to read “alloy” and add 
footnote explaining the revision. Make 
revisions in Tables I, 
“ Ill, and IV and in the Explanatory 
ote, 

Table I—Revise as indicated above 
‘t Table I in Specifications B 97. 


10W1 


vn 
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Section 5.—Revise to read as indicated 
above for Section 5 in Tentative Speci- 
fications B 21 except that in portion 
size “length” shall read “coil.” 

Tables I and IT.—Delete Footnote (a). 

New Section.—Add a new Section 10 
to read as indicated above for new 
Section 14 in Tentative Specifications 
B 19, renumbering subsequent sections 
accordingly. 

Table IV.—Revise as indicated above 
for Table VIII in Specifications B 97. 


Standard Specifications for Rolled 
Copper-Alloy Bearing and Expansion 
Plates and Sheets For Bridge and 
Other Structural Uses (B 100-47): 


Section 1.—Revise the designations 
type A and type B to read, respectively, 
alloy No. 1 and alloy No. 2, and add 
a footnote explaining the revision. 
Make corresponding revisions in Section 
2, Item (/), Section 4, and Table I. 

Section 4.—For type A revise compo- 
sition limits to read as indicated above 
for grade A in Table I in Tentative 
Specifications B 139. For type B revise 
chemical limits to read as indicated 
above for type A in Table I in Speci- 
fications B 96. 

Section 5.—Revise to read as indicated 
above for Section 5 in Tentative Speci- 
fications B 21, except that sample weight 
shall be “225 g.” 

New Section—Add a new Section 8 
to read as indicated above for new 
Section 14 in Tentative Specifications 
B 19, renumbering subsequent sections 
accordingly. 


Standard Specifications for Phosphor 
Bronze Plate, Sheet and _ Strip 
(B 103 - 47): 


Section 1.—Substitute the term “alloy” — 
for “grade” and make the corresponding 
revisions in Tables I and II. : 


| } 
and 
n 
ence 


Section 2.—In Item (/) revise “grade” 
to read “alloy designation.” 


antimony. 
_ the phosphorus range from the present 
“0.03 to 0.25” to read “0.03 to 0.35” 
per cent. 


Table I.—Revise as indicated :above 


for Table I, in Tentative Specifications 
B 139 and delete requirements for 


For grates B ani C revise 


Section 5.—Revise to read as in- 


dicated above for Section 5 in Tentative 
Specifications B 21 except sample weight 
shall be “225 g.” 


Table II.—For grades A, B and B1, 


revise the maximum tensile strength for 
extra-hard temper of “98,5U0” to read 
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TABLE XVII —REVISIONS IN CHEMICAL REQUIREMENTS. 


will normally be of the types DHP 
DLP or OF and arsenicai copper will 
normally be of the type DPA of the 
Tentative Classification of coppers 
(A.S.T.M. Designation: B 224)” 

Section 2.—Revise Item (2) to read: 
“(2) Temper (Section 4).” 

Section 4.—Insert a new Paragraph 
(6) to read as follows, relettering the 
present Paragraph as Paragraph (¢), 
“(6) All tubes other than copper or 
arsenical copper shall normally be sup- 
plied in the annealed condition.” 

Table 1.—For Muntz metal revise the 
maximum lead requirement from the 
present “0.3” to read “0.30” per cent. 


99 000” psi. 
hard, spring and extra-spring tempers, 


Sum of 
Alumi- | Manga- Named 
loy No. Copper, Lead, Tin, Tron, Silicon, ; Zinc, 
Alloy percent percent | percent | percent | percent ne "pl per cent re 


cent 


58.0 to 62.0 


1.5 to 2.5 
57.0 to 60.0 ‘ 
57.0 to 61.0 0.8 to 2. 
Ditenodhnricees 63.0 to 68.0 0.5 max. | 

Wiis os wie 0.7 max. | 1.6 max. 2. 
2.2 max 

ig 1.5 max. | 1.6 max. 2 


92.0 to 96.0 


2}... 0.7 max. 
a 1.5 max. 1.5 max. 
0 7 max. | 1.2 max. 
1.5 max. | 4.2 max. 


S333:::: 


: 4.0 to 7.0 


For Grade C, in the extra- 


revise “111,500” to read “112,000,” 
118,500” to read 119,000,” and 
109,500” to read 110,000” psi. 
New Section.—Add a new Section 12 
to read as indicated above for new 
Section 14 in Tentative Specifications 
B 19, renumbering subsequent sections 


accordingly. 


Tables IiI and IV.—Revise as in- 
dicated above for Tables IV and V in 
Tentative Specifications B 152. 

Table V.—Revise to read as shown in 
the accompanying Tables II and III. 


Standard Specifications for Copper and 
Copper-Alloy Seamless Condenser 
Tubes and Ferrule Stock (B 111 — 48): 


Section 1.—Add “Nonarsenical copper 


For Admiralty metal revise the tin limits 
to read “(0.9 to 1.2” and maximum lead 
to read “0.07”. For red brass revise 
the copper content to read “84.0 to 86.0”, 
the maximum lead to read “0.06”, and 
the maximum iron to read “0.65”. For 
aluminum brass revise the copper content 
to read ‘76.0 to 79.0”, aluminum to read 
“1.8 to 2.5”, and the maximum lead to 
read “0.07”. For 70-30 copper-nicke! 
revise tin io read “1.5 max.” For alt- 
minum bronze and copper-nickel alloys, 
substitute “Copper plus sum of namel 
elements, 99.5 min. per cent” for coppét 
remainder.” 

Section 6.—Revise as indicated above 
for Section 5(a) in Specifications B 1 

New Section.—Add a new Section ! 
to read as indicated above for new Se 
tion 14 in Specifications B 19, renus 
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sing subsequent sections accordingly. 
Section 14.—In the third line add a 
ference to Section 9. 


Standard Specifications for Copper and 
Copper-Base Alloy Forging Rods, Bars, 
and Shapes (B 124 — 48): 


Section 1.—Revise alloy designation 
. 11 to read “No. 11 @ and “No. 
|)” and make corresponding revisions 
Table II in the Appendix. 

Section 4.—In Table I revise certain 
i the limits as shown in the accompany- 
ng Table XVII. 

Revise requirements for alloy No. 11 

read as follows: 


No. ila No. 115 
pper, per cent.. .| 80.0 to 93.0 | 78.0 to 85.0 
T elurium, max., per cent 0.6 
o,max., per cent.. 0.6 0.20 
mn, per cent... ate 4.0 max 2.0 to 4.0 
icon, max., per cent 2.2" | 0. 
Aluminum, per | ee 6.5 to 11.0 9.0 to 11.0 
max., 
1.3 
ail, per ~ ae 1.0 max” 4.0 to 5.5 
nc, Max., per cent....... 1.0 nee 
im of named elements, 
min., per cent........... | 99.5 99.5 


_ * When both silicon and nickel are present in the alloy 
). 11a, only one shall be in excess of 0.25 per cent. 


For alloy No. 12, delete “99.90” in the 
jlumn headed “Sum of Named Elements, 
nin., per cent.” 

Add a Footnote ¢ at the bottom of 
the table, referenced after the copper 
mtent requirement for alloy No. 12, 
) read “Silver counts as copper.’ 
Section 5.—Revise to read as in- 
licated above for Section 5 in Tentative 
pecifications B 21. 

New Section—Add a new Section 7 
‘0 read as indicated above for new 
rection 14 in Tentative Specifications 
5 19, renumbering subsequent sections 
accordingly. 

Section 7—Renumber as Section 8 
and delete the tolerances from Paragraph 
4), referring to new Tables II and III. 

New Tables—Add new Tables II and 


III to read as shown i in 1 the accompanying 
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Tables XVIII and XIX, renumbering 
subsequent tables accordingly. 


TABLE XVIII—TOLERANCES ON 
DIAMETER? 


THE MEAN 
(FURNISHED AS HOT ROLLED). 


Tolerances are plus and minus unless otherwise indicated; 
if tolerances all plus or all minus are desired, double 
the values given. 


Tolerances, plus 


Diameter, in. and minus, in. 


0.020" 
Over 0.250 te 0.010 
Over 6.375 te 0.790, 0.015 
Over 1.25 to 1.50, incl.. 0.030 
Over 1.50 to 3.00, incl..... % 


@ The mean diameter of a rod is the average of minimum 
and maximum diameters, as determined at any one cross- 
section of the rod 

> Tolerances are all plus for a diameter of 0.250 in. only. 


TABLE XIX.—TOLERANCES ON DIAMETER OR 
DISTANCE BETWEEN PARALLEL SURFACES 
FOR ROUNDS, SQUARES, RECTANGLES, HEX- 
AGONS AND OCTAGONS (FURNISHED AS EX- 

Tolerances are plus and minus; if tolerances all plus or 

all minus are desired, double the values given. 


Tolerances, plus 
and minus, in. 


Diameter, or Distance Between 
Parallel Surfaces, in. 
a, % 7, 8,9, 
5, lla 10 an 
and 116 12 
1.00 and under 0.010 0.020 
Over 1.00 to 2.00, incl.........:..+ 0.015 0.030 
Over 3.50 to 4.00, incl............. 0.060 0.120 
Standard Specifications for Leaded 


High-Strength Yellow Brass (Man- 
ganese Bronze) Sand _ Castings 
(B 132-48): 


Section 1.—Revise the word “class” 
to read “alloy.” Make corresponding 
revisions in Sections 4 and 7. 

Section 4.—Revise the present elonga- 
tion requirement “15.0” to read “15.” 

Section 5.—Change the reference to 
Fig. 1 to refer to Fig. 2. 

New Section—Add a new Section 7 
to read as indicated above for new 
Section 14 in Specifications B 19, 
renumbering subsequent sections 
accordingly. 
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Section 7.—Renumber as Section 8 and 
for lead, tin, manganese, aluminum and 
iron limits in the chemical composition 
requirements delete the zeros in the last 
right hand place of figures. 


Standard Specifications for Brass Wire 
(B 134-48): 


Section 5.—Revise to read as indicated 
above for Section 5 in Tentative Speci- 
fications B 21 except that a lot size of 
10,000 lb. shall be used instead of 5000 
lb., and in the portion size change 
“length” to read ‘“‘coils or reels’. 
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TABLE XX.—SCHEDULE OF LENGTHS (SPECIFIC AND STOCK) WITH ENDS. 


Section 2.—In Item () delete the 
words “type of.” 

Table I.—Revise “type” to re 
“alloy.” In the chemical limits, yw; 
the exception of the lead content, dek 
the final zero in the last right hand pla 
of figures. 

Section 5.—Revise to read as indicate 
above for Section 5 in Specifications B 2 

Table II.—For type A rods and bar: 
soft temper, add the tensile requirement 
of type A shapes soft temper. Revis 
“type” to read “alloy.” Delete | 
bend test column. 


Diameter or Distance Beween 
Parallel Surfaces for Round, 
Hexagonal, Octagonal Rods sq. in. 

and Square Bars, in. 


Rectangular Bars, Area®, 


ermissible Permissi! 

Nominal Length, Length’, Wei 
ft. recent En 

of Nominal | cent ofl 

Length Weight 


= & 


Tyre A 
ERE ECE 0.250 and under. 6 to 14, incl. 75 20 
eee ere Over 0.250 to 1, incl. . 6 to 14, incl. 70 a) 
Over 1 to 1%, EE ESE See. Over 1 to 2.25, incl... 6 to 12, incl 60 0) 
Over 2.25 to 4, 6 to 12, incl 50 45 
Over 2 to 3, 6 to 10, incl. 40 50 
Tyre B 
¥ and under..................-.| 0.250 and under. 6 to 12, incl. 65 0 
ON errr Over 0.250 to 1, incl. . 6 to 12, incl. 60 rT) 
Over 1 to 1%, Se re Over 1 to 2.25, a cotakad 6 to 10, incl. 50 50 


® Width times thickness, disre; arding any rounded corners or edges. 


Expressed to the nearest 


New Section.—Add a new Section 12 
to read as indicated above for new 
Section 14 in Tentative Specifications 
B 19, renumbering subsequent sections. 

Tables I and IIT.—Delete Footnote a. 

Tables V and VI.—In the first 
column, revise thickness “0.187” to 
read “0.188.” 


Standard Specifications for Manganese 
‘Bronze Rods, Bars, and Shapes 
(B 138-48): 

Section 1.—Delete the words “two 
types of.” Add the letter ‘s” to 

“composition,” and in the tabulation 


revise the word “type” to read “‘alloy.” 


Section 7.—Delete and renumber 
sequent sections accordingly. 

Section 9.—Renumber as Section $a 
delete Paragraph (0). 

Section 10.—Renumber as Section 
and delete the reference in Paragraj 
(b) to bend test specimen. 

Tables IV and V.—Revise to t 


as shown in the accompanying Talis 


IX and X. 


Table VIIT.—Revise to read as © 


dicated in the accompanying Table X4 
New Section—Add a new Sectit 
11 to read as indicated above for 0 


Section 14 in Specifications B 19, rem" & 


bering subsequent sections accordiif! 


| 

| 

| 
and 
ing 
tand. 
Lea 
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wtions 12(c).—Revise as indicated 

ve for Sections 12(b) in Tentative 
‘cifications B 21. 

sion 14..-Revise as indicated above 

Section 14 in Specifications B 21. 

15.—Revise Paragraphs (0) 

(c) as indicated above for Section 
i5/b) and (c) in Tentative Specifications 
21. 


Sundard Specifications for Leaded Red 
Brass (Hardware Bronze) Rods, Bars, 
nd Shapes (B 140 — 47): 


‘ection 1.—Revise the word “types” 

read “alloys.” 

ection 2.—In Item revise the 

rs “type of alloy” to read “alloy 

ignation.” 

‘ection 4.—Revise “type” to read 

loy”. Delete the final zero in copper 

its. For type B revise the maximum 
rickel content to read “1.2.” 

Section 5.—Revise to read as indicated 

we for Section 5 in Tentative Speci- 

ations B 21. 

Yew SectionAdd a new Section 
!) to read as indicated above for new 
ction 14 in Specifications B 19, 
reuumbering subsequent sections 

ordingly. 

Tables IH, IV and ¥V.—Revise to 
mai as shown in the accompanying 
V, VE and VII. 

Section 10.—Renumber as Section 11 

i revise Paragraph (6) as indicated 
Hove for Section 12 (6) in Tentative 
ecifications B 21. 

Section 11.—Renumber as Section 12 
id revise Paragraphs (b) and (c) as 
tuicated above for Section 15 (6) and 
f in Tentative Specifications B 21. 


plandard Specifications for Tin-Bronze 
and Leaded Tin-Bronze Sand Cast- 
ings (B 143 48) 


pundard Specifications for High- 
Leaded Tin-Bronze Sand Castings 


‘B144~48) and 
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Standard Specifications for Leaded Red 
Brass and Leaded Semi-Red Brass 
Sand Castings (B 145 - 48): 


Section 1.—Revise the words “nu- 
merical designations” to read “alloy 
numbers.” Make corresponding  re- 
visions in Section 2, Item (/), Tables 
I, If and III. 

Section 9.—Revise the reference to 
Fig. 2 to refer to Fig. 1. 

New Section.—Add a new Section 12 
to read as indicated above for new 
Section 14 in Tentative Specifications 
B 19, renumbering subsequent sections 
accordingly. 


Standard Specifications for Leaded 
Yellow Brass Sand Castings for 
General Purposes (B 146-48): 


Revise as indicated above for Speci- 
fications B 143 except that Section 9 is 
to be revised by deleting the phrase 
“except that Fig. 2 of B 208 is not 
applicable to these alloys.” 


Standard Specifications for High- 
Strength Yellow Brass (Manganese 
Bronze) and Leaded High-Strength 
Yellow Brass (Leaded Manganese 
Bronze) Sand Castings (B 147 — 48): 


Section 1.—KRevise the words ‘nu- 
merical designations” to read ‘alloy 
numbers”. Make corresponding _ re- 
visions in Tables I, IJ, and III and in 
Section 2, Item (J). 

Section 8.—Revise the reference to 
Fig. 1 to refer to Fig. 2. 

New Section.—Add a new Section 11 
to read as indicated above for New 
Section 14 in Tentative Specifications 
B 19, renumbering subsequent sections 
accordingly. 


Standard Specifications for Aluminum 
Bronze Sand Castings (B 148-48): 


Revise as indicated above for Specifi- 
cations B 147 except that the new section 
is to be Section 12 and the change in fig- 
ure references applies to Section 9. 
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Standard Specifications for Leaded 
Nickel-Brass (Leaded Nickel-Silver) 
and Leaded Nickel-Bronze (Leaded 

7 Nickel-Silver) Sand Castings (B 149 - 

48): 


Revise as indicated above for Speci- 
fications B 143. 


Standard Specifications for Copper-Alloy 
Condenser Tube Plates (B 171 - 48): 


Section 1,—Delete the words “type 
of.” 

Section 2.—In Item (J/) revise the 
word “type” to read “name.” 

Table I.—¥or chemical limits with 
the exception of lead, iron, and other 
impurities in naval brass, and other im- 
purities in Muntz and admiralty metal, 
delete the final zero in the last right hand 
place of figures. For naval brass revise 
the copper limits to read ‘59.0 to 62.0” 
per cent. For aluminum bronze and 
for copper-nickel alloy, substitute “Cop- 
per plus sum of named elements, 99.5 
min. per cent,” for “copper remainder.” 
For aluminum bronze, delete accord- 
ingly, the requirement “Other impurities, 
0.50 max. per cent.”” For Muntz metal 
revise the lead limits to read ‘0.4 to 0.9” 
percent. For admiralty metal revise the 
tin limits to read “0.8 to 1.2” and lead 
0.07 max.” per cent. | 

Section 5.—Revise to read as indicated 
above for Section 5 in Tentative Speci- 
fications B 21. 

New Section.—Add a new Section 9 
to read as indicated above for new 
Section 14 in Tentative Specifications 
B 19, renumbering subsequent sections 
accordingly. 

Table I11.—Replace the tolerances in 
the second column with the following: 

Table 1V.—Revise the heading of the 


Report OF CoMMITTEE B-5 (APPENDIX) 


fourth column to read “‘Over 60 to 249; 
incl.” and delete the next four column: 


Standard Specifications for 
Bronze and_ Silicon-Brass 
Castings (B 198 — 48): 


Section 1.—Revise the words “y, 
merical designations” to read “; 
numbers.” Make corresponding 
visions in Tables I and II and Sectig 
2, Item (/). 

Section 6 (a).—Revise by deleting t 
phrase “except that Fig. 2 of B 2% 
not applicable to these alloys.” 

New Section.—Add a new Secti 
to read as indicated above for » 
Section 14 in Tentative Specificatiag 
B 19, renumbering subsequent sectis 
accordingly. 


TENTATIVE REVISIONS OF STAND 


The committee. recommends revis 
of 5 standards for publication as t 
tive as indicated below: 


Standard Specifications for Free-Cutty 
Brass Rod and Bar for Use in Se 
Machines (B 16 — 47): 


Table I.—Revise elongation requ 
ments for rounds, hexagons and 
gons as follows. The revised coli 
heading will also apply to reclany 


and squares: 


Revised 
Elongation 


Present 
Elongation 
in 2in., min., 
per cent 


Elongation shall be determined on gage 
4 X diameter or thickness of specimen excep a 
case a minimum gage length of 1 in. shall be 


| 
é | T 
pe 
per cent” 
if, 2.............. 3 
| 
| men: 
| a 
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Standard Specifications for Copper-Sili- Revised 
con Alloy Rods, Bars, and Shapes 
B98 47): ALLoy A 
nents as follows: 


Ivers A, C, AND D ALLoy Rops, SQUARE 
BARS, AND SHAPES 25 


17 


17 


* Elongation shall be determined on a gage length of 
4 X diameter or thickness of specimen except that in any 
8 case a minimum gage length of 1 in. shall be used. 


Standard Specifications for Copper Rods 


for Locomotive Staybolts (B 12-47): 
Types A, C, AND D Attoy Bars Section 6.—Revise present elongation 
35 requirements to read: 
Ar- _Nonar- 
Revised Elongation, min., percent* 40 35 


Elongation shall be determined on a gage length of 
Type B Attoy Rops, Bars, SHAPES 4 X diameter or thickness of specimen except that any 
_ 30 case a minimum gage length of 1 in. shall] be used. 


14 4 12 Standard Specifications for Leaded Red 
ne ; EIS 12 Brass (Hardware Bronze) Rods, Bars, 
8 and Shapes (B 140 — 47): 
= Table I.—Revise elongation require- 
ments as follows: _ 
_in2in., Elongation, 
min., per cent min., per cent® 
A Elongation shall be determined on a gage length of a iiss rareehere 15 
X diameter or thickness of specimen except that in any 
‘ase 4 minimum gage length oft in. shall be used. Ue ee 10 
Stundard Specifications for Manganese 
Bronze Rods, Bars, and Shapes 10 
(B 138-48): 12 
used. Table IT. —Revise elongation require- @ Elongation shall be determined on a gage length of © 


ment: ‘ 4 X diameter or thickness of specimen except that in any 
S as follows: case a minimum gage length of 1 in. shall be used. 
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ADOPTION OF TENTATIVE AS STANDARD 


The committee recommends that the 
Tentative Specifications for Bronze Cast- 
ings for Turntables and Movable Bridges 
and for Bearing and Expansion Plates 
of Fixed Bridges (B 22-47 T) be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard with 
revisions as indicated: 

Section 1.—Substitute the word 
“alloy” for “class” throughout the 
section, and make corresponding re- 
visions in Sections 2, 3, 6 and 9. 

Section 8 (a).—Revise the reference to 
lig. 2 to refer to Fig. 1. 

New Section.—Add a new Section 10 
to read as indicated above for new 
Section 14 in Tentative Specifications 
B 19, renumbering the subsequent 
sections accordingly. 


ADOPTION OF TENTATIVE ReEvisic 
OF STANDARDS AS STANDARD 
The committee recommends ; 

adoption as standard of the tentat 

revisions issued in 1948 in the following: 
standard specifications: 

Standard Specifications for: 


Copper Rods for Locomotive Staybolt 
(B 12 — 47), 

Free-Cutting Brass Rod and Bar fo 
Use in Screw Machines (B 16-47 

Copper-Silicon Alloy Rods, Bars, and 
Shapes (B 98 — 47), 

Manganese Bronze Rods, Bars, ani 
Shapes (B 138-48), and 

Leaded Red Brass (Hardware Bronz 
Rods, Bars, and Shapes (B14 


— 
> 


_ REPORT OF COMMITTEE B-6 
ON 

: DIE-CAST METALS AND ALLOYS* 


‘ommittee B-6 on Die-Cast Metals ACTIVITIES OF SUBCOMMITTEES 
j Alloys held two meetings during the 
ur: one in Detroit, Mich., on June 23, 
(48, and one in Chicago, IIl., on March 
). 1949, with an attendance of 49 and 
respectively. 

Subcommittee III on Tin- and Lead- 
se Die-Casting Alloys has been dis- 
arged since it has completed its agenda. 
There is a balance of $2565.92 in the 
ads of Committee B-6 as of December 
|, 1948. 

At the present time, the committee 


Subcommittee II on Zinc-Base Die- 
Casting Alloys (A. E. Weiss, chairman) 
prepared the new Tentative Specifica- 
tions for Zinc-Base Alloys in Ingot Form 
for Die Casting as covered earlier in this 
report. 

In order that there may be a specifica- 
tion for an appropriate grade of zinc for 
the new ingot specification, this sub- 
committee suggests for consideration by 
Committee B-2, the following footnote 
: for special high-grade zinc in Table I on 
nsists of 96 members, of whom 46 are chemical requirements in the Standard 
assified as producers, 23 as consumers, Specifications for Slab Zinc (Spelter) 
nd 27 as general interest members. (B6-48): “Special high-grade zinc, 

New TENTATIVE when purchased for making zinc-base 
die castings, shall not exceed 0.005 per 
cent maximum lead and 0.002 per cent 
maximum tin. Greater amounts of 
either lead or tin may constitute cause 
for rejection.” 

Subcommittee V on Exposure and Cor- 
rosion Tests (W. M. Peirce, chairman) 
completed plans for the recalling and 
testing of zinc and magnesium alloy test 
“make die castings that will conform to 
“¢ Standard Specifications for Zinc- 
lase Alloy Die Castings (B 86 — 48) The following twenty-one companies 

re ‘have volunteered their services to con- 
duct the mechanical property tests: 


The committee recommends that the 
lentative Specifications for Zinc-Base 
loys in Ingot Form for Die Casting, 
pended hereto,' be accepted for pub- 
ation as tentative. These specifica- 
“ons have been prepared because of a 
ed for an ingot specification which 
uld be used, especially by the smaller 
“casting companies, to purchase ingot 


“omnmittee B-6 has been working on this 
oblem for more than a year. 

This recommendation has been sub- American Magnesium Corp. — 
nitted to letter ballot of the committee, American Smelting and Refining Co. 


Apex Smelting Co. 
tg results of which will be reported at Bell eleiaia Laboratories, Inc. 
Annual Meeting. 


teat, Bohn Aluminum and Brass Corp. 


Fifty second Annual Meeting of the of Mines 

7-July 1, 1949. 

Specifications were accepted as tentative by the 
“itty and appear in the 1949 Book of ASTM. Doehler Jarvis Corp. (tension test bars only) 
aedards, Part 2. The Dow Chemical Co. 

by devel ballot vote on these recommendations was Ford Motor Co. 


; the results of the vote are on record at A.S.T.M. 
‘eadquarters, Frankford Arsenal 
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Raid, 


General Electric Co. 

Hampden Brass and Aluminum Co. (tension 
test bars only) 

The Hoover Co. 

National Bureau of Standards 

National Lead Co. 

The New Jersey Zinc Co. 

Sperry Gyroscope Co. 

Stewart Die Casting Division (impact test 
bars from lots assigned to Doehler-Jarvis 
Corp., and Hampden Brass and Aluminum 
Co. 

St. i Lead Co. 

Westinghouse Air Brake Co. 

One more rack of zinc- and magnesium- 
alloy specimens will remain at each of 
the exposure locations after this year. 
These racks were originally exposed for 
an indefinite period but it is planned to 
set a definite exposure period for these 
racks after the data on the ten-year aged 
specimens are available. 

Subcommittee IX on Die-Casting Proc- 
esses (A. E. Martin, chairman) reported 
that Task Group D had completed its 
work on studies of aluminum alloy melt- 
ing practices and consequently had been 
discharged. The report of the task 
group recorded the following conclu- 
sions: 

1. Soldering to the die was not affected by 


any of the methods of melting or casting, be- 
cause no soldering occurred in any case. 


recommendations: 


Revision of Tentative Specifications for: 


Book of A.S.T.M. Standards, Part 2. 


REPORT OF COMMITTEE B-6 


2. The surface appearance of all castings 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee B-6 presented to the 
Society through the Administrative Committee on Standards the following 


Aluminum-Base Alloy Die Castings (B 85 - 48 T), and 

Copper-Base (Brass) Alloy Die Castings (B 176-48 T). 

These recommendations were accepted by the Standards Committee on 
September 22, 1949, and the revised tentative specifications appear in the 1949 
Book of A.S.T.M. Standards, Part 2. 

Revisions of Tentative Specifications for Magnesium-Base Alloy Die 
Castings (B94-48T) were accepted by the Standards Committee on 
December 14, 1949. The revised tentative specifications appear in the 1949 


was commercially acceptable, although thoy 
cast at 1250 F. and above were slightly superior 
to those cast at lower temperatures. Type oj 
melting and type of furnace did not affect sy; 
face appearance. 

3. Radiographs indicated some castings haj 
excessive porosity, but this was not related ty 
method of melting, time held, nor casting ten. 
perature. Test bars cut from the castings were 
all commercially acceptable for porosity. 

4. Tensile strengths rose slightly with higher 
casting temperatures. Elongations were mt 
noticeably affected. 

5. Tensile strengths and elongations were 1 
affected by method of melting. 


6. Quality of the metal was not affected 
“stewing” at 1250 F. for 24 hr. 


The subcommittee has appointed : 
special task group whose duty it sha 
be to draw up a program of work t 
cover a study of the problems involved 
in the zinc-alloy die-casting process 


This report has been submitted 1 
letter ballot of the committee, which cor 
sists of 96 members, of whom 82 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf 
the committee, 


J. R. Townsex 
Chairman 


G. L. WERLEY, 
Secretary. 
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REPORT OF COMMITTEE B-7 


ON 


LIGHT METALS AND ALLOYS, CAST AND WROUGHT* | 


Committee B-7 on Light Metals and 
lloys, Cast and Wrought held one meet- 
g during the past year at Atlantic City, 
.J., in June, 1948. 

During the year, one member was 
lded to the committee and there were 
voremovals. At the present time, the 
mmittee consists of 96 members, of 
hom 77 are voting members; 37 are 
lassified as producers, 29 as consumers, 
nd 11 as general interest members. 
During the year, a special subcommit- 
ee was set up to carry on the program of 
ests to determine the corrosion resist- 
ince of a number of aluminum and mag- 
nsium alloys. This subcommittee will 
vork in cooperation with Committee B-3 
n Corrosion of Non-Ferrous Metals and 
Alloys. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the Annual Meeting, 
Committee B-7 presented to the Society 
‘rough the Administrative Committee 


on Standards the following recommenda- 
uons: 


Reision of Tentative Specifications for: 

en Alloy Sand Castings (B 26- 

‘uminum-Base Alloy Permanent Mold Cast- 
‘ngs (B 108-47 T), and 

\\uminum-Base Alloys in Ingot Form for Sand 
Castings, Die Castings, and Permanent Mold 
Castings (B 179 - 47 T). 


Tentative Speci fications for: 


‘luminum-Alloy Drawn Seamless Tubes for 
and Heat Exchangers (B 234 - 
), 


* Presented at the Fi i 
. e Fifty-second Annual Meeting of the 
June 27-July 1, 1949. 


Aluminum-Alloy Extruded Tubing (B 235 - 
48 T), and 


Aluminum Bars for Electrical Purposes (Bus 

Bars) (B 236 - 48 T). 

The recommendations for revisions of 
the three tentatives were accepted by the 
Standards Committee on September 29, 
1948; the new tentatives, Specifications 
B 234 and B 236 were aceepted on De- 
cember 20, 1948, and Specifications B 
235, on December 22, 1948. All, except 
Specifications B 235, appear in the 1948 
Supplement to the Book of A.S.T.M. 
Standards, Part I-B. Tentative Specifi- 
cations B 235 - 48 T is published in the 


compilation of “A.S.T.M. Standards on © 


Light Metals and Alloys.” 
NEW TENTATIVE 
The committee recommends for publi- 
cation as tentative the proposed Specifi- 


cations for Aluminum-Alloy Pipe, as 
appended hereto.’ 
REVISION OF TENTATIVES 

The committee is submitting revisions 
in 12 tentative specifications. The ten- 
tatives affected, together with the revi- 
s'ons recommended, are given in detail in 
the Appendix. 
ADOPTION OF TENTATIVE AS STANDARD 

The committee recommends that the 
Tentative Specifications for Aluminum 
for Use in Iron and Steel Manufacture 
(B 37 - 46 T)* be approved for reference 
to letter ballot of the Society for adoption 
as standard with revisions as indicated in 
the Appendix. 


Standards, Part 2. 
2 1946 Book of A.S.T.M. Standards, Part I-B. 
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REAFFIRMATION OF STANDARD 


The committee recommends that the 
Standard Specifications for Magnesium 
Ingot and Stick for Remelting (B 92 - 
45)* be reaffirmed and continued in their 
present status without change. 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


The activities of Subcommittees I, II, 
III, and IV have culminated in the rec- 
ommendations for changes in specifica- 
tions previously noted. 

Subcommittee V on Testing of Light Al- 
loys (RK. L. Templin, chairman) has ap- 
pointed a task group to study require- 
ments for frequency of sampling on type 
and location of specimens in light-alloy 
wrought products. This subcommittee 
is also considering the mechanical test- 
ing of light metal foil. 

Subcommittee VI on Anodic Oxidation 
of Aluminum and Aluminum Alloys (J. D. 
Edwards, chairman) is preparing a 
“Method of Measuring Thickness of 
Anodic Coatings on Aluminum with the 
Filmeter.”’* This method is based on a 
paper, ‘Measurement of Thickness of 
Oxide Coatings on Aluminum Alloys,’ by 
Ralph B. Mason and William C. Coch- 
ran. 


3 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at A.S.T.M. 
Headquarters 

4 See Editorial Note below. 

5 ASTM BuLLet1n, No. 148, October, 1947, p. 47. 


recommendations: 
New Tentative Method of: 


Revision of Tentative Specifications for: 


Aluminum-Base Alloys in Ingot Form for Sand Castings, Die Castings, and Permanent Mold Cast- 


ings (B 179 - 48 T), and 


Aluminum-Base Alloy Permanent Mold Castings (B 108 - 48 T). 


REPORT OF COMMITTEE B-7 


EpIroRIAL NOTE 


Subsequent to the Annual Meeting, Committee B-7 presented to the So- 
ciety through the Administrative Committee on Standards the following 


Test for Thickness of Anodic Coatings by Filmeter Method (B 244 - 49 T). _ ce 


Subcommittee VII on Codification 
Light Alloys (R. B. Smith, chairman) ; 
continuing to attempt improvement 
the code systems used by A.S.T.M. ; 
designate light alloys. Modifications 
the code proposed at the June, 1947, sub 
committee meeting are being considered 
During the past year the new tempe 
designations adopted by the aluminuy 
industry were incorporated into the ten. 
tative specifications for aluminum allo 
and they are being considered for use; 
the tentative specifications for magn 
sium alloys. 

Special Subcommittee on Almosphe 
Exposure Testing (L. H. Adam, chair 
man) is a new subcommittee organiz 
to carry out the program of atmospher 
exposure testing which Committee B-/ 
has been planning for some time. T 
subcommittee is actively pushing t 
corrosion program, and it is expecte 
that a start will be made in the collecti 
of specimens during the coming year. 


This report has been submitted to | 
ter-ballot of the committee, which « 
sists of 77 members; 55 members: 
turned their ballots, of whom 51 lw 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf 
the committee, 


I. V. WILLIAMS, 
Chairmes 


J. J. Bowman, 
Secretary. 


{ 
7 
| 


4 


Licht METALS AND ALLoys, AND WROUGHT 207 


These recommendations were accepted by the Standards Committee on 
September 22, 1949, and the new and revised tentatives appear in the 1949 
Book of A.S.T.M. Standards, Part 2. 


Revisions of the Tentative Specifications for Magnesium-Base Alloys in 
Ingot Form for Sand Castings, Die Castings and Permanent Mold Castings 
(B 93-49 T) were accepted by the Standards Committee on December 14, 
1949. The revised tentative specifications appear in the 1949 Book of A.S.T.M. 
Standards, Part 2. 

On December 21, 1949, the Administrative Committee on Standards ac- 
cepted the following recommendations submitted by Committee B-7: 


Revision of Tentative Specifications for: oe 


Magnesium-Base Alloy Extruded Round Tubing (B 217-48 T), 
Magnesium-Base Alloy Sheet (B 90-49 T), 

Magnesium-Base Alloy Bars, Rods and Shapes (B 107 - 49 T), and 
Magnesium-Base Alloy Permanent Mold Castings (B 199-47 T). 


The revised tentative specifications appear in the 1949 Book of A.S.T.M. 
Standards, Part 2. 
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In this Appendix are given the recom- 
mendations affecting certain standards 
covering light metals and alloys which 
are referred to earlier in this report. 
The standards appear in their present 
form in the 1946 Book of A.S.T.M. 
Standards, Part I-B or in the 1947 or 
1948 Supplements to Book of A.S.T.M. 
Standards, Part I-B, except for Tenta- 
tive Specifications B 235, 


REVISIONS OF TENTATIVE 
SPECIFICATIONS 


The committee recommends that the 
following 12 tentative specifications be 
revised as indicated below and continued 
as tentative. 


Tentative Specifications for Magnesium- 
Base Alloy Sand Castings (B 80-47 T): 


Section 1.—Delete reference to alloys 
A12 and AZ101 in this section and 
throughout the specifications. Add a 
reference to new alloy AZ91. 

Sections 5 (a).—Revise to read as in- 
dicated for Section 5 (a) in Tentative 
Specifications B 199. 

Table I.—Add alloy AZ91 with the 
following chemical composition require- 
ments: 

Aluminum, per cent.............. 8. 
Manganese, min., per cent... 


3 
0 
Zinc, per cent...... 0.4 
Silicon, max., per cent....... Peta 0. 
0 
0 
0 


Copper, max., per cent 
Nickel, DET CONE... 
Other Impurities, max., per cent.... 


For alloy A10 change the required 
aluminum content from the present ‘9.0 
to 11.0” to read “9.3 to 10.7” per cent. 


APPENDIX 


RECOMMENDATIONS AFFECTING STANDARDS FOR LIGHT METALS 
AND ALLOYS, CAST AND WROUGHT 


Table II.—Add tensile requirement 


for new alloy AZ91 as follows: 


Yield Strength Elongati 


Condition min., psi. psi. cent 
18 000 not required 4 
Heat treated. 34 000 not required 7 
Heat treated 
and aged.. 34000 16 000 3 


Add tensile requirements for the as- 
cast and stabilized form of. alloys AZ9 
and AZ63 as follows: 


Yield Strength Elongati 


(0.2 percent in2in, 
Tensile Strength offset), min., min, per 
min., psi. psi. cent 

AZ92 (as cast 
and stabi- 

lized)....... 20000 11000 not require 
AZ63 (as cast 
and  stabi- 

lized)....... 24000 11000 2 


Revise the tensile requirements for a 
loys A8, A10, AZ63, and AZ92 to read 


follows: 


Tensile Strength 
min., psi. 
AS Cheat 34 000 
A8 (heat treated and aged)........ 34 000 
A10 (heat treated and aged)....... 34.000 
AZ63 (heat treated)... 34 000 
AZ92 (heat treated) . 34.000 


Section 8.—Revise as indicated for Sec 
tion 8 in Tentative Specifications B 1% 
Section 9.—Revise to read as follows 


9. (a) At least one tension test specimen sha 
be cast from each melt of 2,000 Ib. or fracti 
thereof to represent the castings poured from tb 
same melt. If the castings are to be be 
treated, the specimens shall be heat treated 
production castings of the same alloy and in & 
same condition as the specimens. The sp 
mens shall then be tested to judge the ability 
their corresponding melts to respond to the t)? 
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heat treatment to which the specimens were 
ubjected. 

()) Each heat treating furnace charge shall 
nclude at least one tension test specimen poured 
om a production melt. Such specimens shall 

of the same alloy and in the same condition 


s the castings, and shall be tested to judge the 


ality of the heat treating operation given the 
ymace charge. 


Explanatory Notes.—Add the follow- 
ng explanatory note for alloy AZ91: 


AZ91.—This alloy has a specific gravity of 
It should be used for those applica- 
ms requiring the maximum of strength and 
urdness as well as ductility. Its mechanical 
roperties in the heat treated and in the heat 
reated and aged temper are similar to those of 
63, but its foundry characteristics are similar 
) AZ92. It should be used in preference to 
\263 if the higher resistance to salt water corro- 
on of the latter composition is not required. 


Table I1T.—Add the following data to 
his table for the as-cast and stabilized 
orm of alloys AZ92 and AZ63: 


Typical Yield Unit Defor- 
Strength (0.2 per mation. inch 
cent offset), per inch of 


min., psi. gage length 


4292 (as cast 

and stabi- 

ized)....... 17 000 0.0046 
{763 (as cast 

and stabi- 

lized)....... 15000 0.0043 


Tentative Specifications for Magnesium- 
Base Alloy Sheet (B90 - 46 T): 


Section 1.—Delete reference to alloy 
MISIX in this section and throughout 
the specifications. 

Section 8.—Revise to read “One ten- 
‘on test specimen shall be taken to 
present each 500 Ib. or less, with not 
*s than two test specimens per lot, or 
such other quantities as may be agreed 


‘jon by the manufacturer and 
purchaser,” 


Tentative Specifications for Magnesium- 
Base Alloy Forgings (B 91 - 45 T): 


Table 1—For alloy AZ31X revise the 
=~ content requirement of “0.7 to 
\3” to read “0.6 to 1.4” per cent. 
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Tentative Specifications for Magnesium- 
Base Alloys in Ingot Form for Sand 
Castings, Die Castings and Permanent 
Mold Castings (B 93 - 47 T): 


Section 1.—Delete reference to alloys 
A1l2 and AZ1i01 in this section and 
throughout the specifications. 


Tentative Specifications for Magnesium- 
Base Alloy Bars, Rods, and Shapes 
(B 107 - 48 T): 


Seclions 7 and 8.—Revise to read as 
follows: 


7. (a) Tension test specimens shall be a full 
section of the material or of the type shown in 
Fig. 1. Small-size specimens with dimensions 
proportional to those shown in Fig. 1, or a sheet 
tension specimen of the type shown in Fig. 2, 
may be used if the size or shape of the material 
makes it impracticable to use a full section or 
the standard round specimen. 

(b) For material 1} in. or less in diameter or 
thickness, when not tested in full section, the 
tension test specimen shall be taken from the 
center of the section; for material over 1} in. 
in diameter or thickness, the specimens shaii 
be taken from midway between the center and 
the surface. Specimens shall be taken parallel 
to the direction of extrusion. 

8. For extruded bars, rods and shapes having 
a nominal weight of less than 1 Ib. per lineal foot, 
one tension test specimen shall be taken for each 
shipment of 500 Ib. or less; for larger shipments, 
an additional specimen shall be taken for each 
1000 lb. or fraction thereof in excess of the first 
500 Ib. For extruded bars, rods and shapes 
having a nominal weight of 1 lb. or more per 
lineal foot, one tension test specimen shall be 
taken for each shipment of 500 ft. or less; for 
larger shipments, an additional specimen shall 
be taken for each 1000 ft. or fraction thereof in 
excess of the first 500 ft. Other procedures for 
selecting samples may be employed if agreed 
upon by the manufacturer and the purchaser. 


Tentative Specifications for Aluminum 
and Aluminum-Alloy Sheet and Plate 
for Use in Pressure Vessels (B 178 - 
47 T): 


Seclion 4.—Revise the second sentence 
to read “A portion shall be taken to 
represent each 2000 lb. or fraction there- 
of, of material of a given alloy in the 


L 


| | 
— 
— 
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shipment and a sample prepared from 
each portion.” 

Table I.—Change the maximum allow- 
able zinc content for alloy GR1 from the 
present ‘0.10” to read “0.20” per cent. 

Table II.—¥or alloys A2 and M1 in 
the as-rolled condition change the present 
thickness ranges of “0.250 to 0.625” 


and “0.625 to 2.000” in. to read ‘0.250 


to 0.500” and “0.501 to 2.000” in., 
respectively. 

For alloy M1 in the new thickness 
range of ‘0.501 to 2.000” in. add the 
minimum tensile strength of 15,000 psi. 

Section 7.—Kevise the last sentence 
to read “For plate over 1} in. in 
thickness, the specimen shall be taken 


TABLE I.—REVISED THICKNESS RANGES AND 
YIELD STRENGTH VALUES. 


Alloy | Temper Thickness, in. | es 
as 

0.250 to 0.500 | 7000 
Annealed.......... 0.051 to 3.000 | 3 500 
As-rolled.......... 0.250 to 0.500 7 000 
| As-rolled 0.501 to 2.000 5 000 
..| Quarter-hard 0.051 to 2.000 12 000 
| As-rolled 0.250 to 0.500 10 000 
..| As-rolled 0.501 to 3.000 6 000 
0.051 to 3.000 9 500 
0.250 to 0.500 16 000 
0.501 to 3.000 9 500 


..| As-rolled 


midway between the center and surface 
of the plate.” 

Section 10.—Revise the first sentence 
to read “If any test specimen fails to 
conform to the requirements prescribed 
in Table II, two additional specimens 
shall be selected from other sheets or 
plates in the lot and tested.” 

A ppendix.—Revise certain thickness 
ranges and yield strength values for the 
various alloys as outlined in the accom- 
panying Table I. The remainder of the 
table in the Appendix will remain the 
same. 


Tentative Specifications for Magnesium- 
Base Alloy Permanent Mold Castings 
(B 199 - 47 T): 


Section 5 (a) —Revise 


follows: 


to read as 
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5. (a) The samples for chemical analysis of 
a melt shall be taken by sawing, drilling, 
milling a corresponding casting or tension test 
specimen in such a manner as to be representa. 
tive of its average cross-section. If preferred 
an analysis specimen may be poured from each 
melt of 2006 lb. or fraction thereof. The 
samples shail weigh not less than 50 g. 


Table I.—Delete alloy A10X and the 
column for iron content. For alloy 
AZ92 change the zinc requirements from 
the present “1.7 to 2.3” to read “1 
to 2.4” per cent. 


Table I1.—Add requirements for th 
cast and stabilized form of alloy AZ9 
as follows: 


Tensile strength, min., psi. 20 000 
Yield strength, min., psi... .. 11 000 
Elongation in 2 in., min., per cent..not require 


Table I1].—Add data for the cast an 
stabilized form of alloy AZ92 as follows 


17 


Yield strength, psi.. 
Unit deformation, in. per inch of gage 
length. .. 


Section §.—Letter the present materi 
as Paragraph (a) and delete the secon 
sentence. 

Transfer Paragraph (6) of Section 
to Paragraph (6) of Section 8 and revis 
as follows: 


(b) If any tension test specimen is impropet! 
machined or shows flaws upon testing, it mayb 
discarded and another specimen from the sam 
heat or melt used instead. If no addition 
specimen is available, the manufacturer and th 
purchaser shall agree on an alternative pt 
cedure. 


Section 9.—Revise to read as follows 


9. (a) At least one tension test specimen sha! 
be cast to represent not more than 1000 lb. 0 
cleaned castings of the same part number, all 
and condition poured during a period not longe 
than eight consecutive hours. The specimes 
shall be poured from melts used for such castings 
and if the castings are to be heat treated, th 
specimens shall be heat treated with producti 

castings of the same alloy and in the same 0* 
dition as the specimens. The specimens st 
then be tested to judge the ability of the me 
jn the castings they represent to respond to t 


| 
ad 


e of heat treatment to which the specimens 
re subjected. 

b) Each heat treating furnace charge shall 
jude at least one tension test specimen poured 
ma production melt. Such specimens shall 
of the same alloy and in the same condition 
the castings and shall be tested to judge the 
ality of the heat treating operation given the 
ymace charge. 


Tentative Specifications for Aluminum 
and Aluminum-Alloy Sheet and Plate 
(B 209 - 48 T): 


Section 4.—Revise the second sentence 

»read “A portion shall be taken to 
i present each 2000 Ib. or fraction there- 
, of material of a given alloy in the 
pment and a sample prepared from 
ich portion.” 
Table J—Change the maximum al- 
wable zinc content for alloy GR1 from 
ne present “0.10” to read “0.20” per 
ent. For alloy ZG42 and the core of 
ld alloy ZG42 change the chromium 
Mh ange from the present “0.15 to 0.40” 

oread “0.18 to 0.40” per cent. 

Table IJ.—Yor alloys A2, M1 and GR1 
ithe annealed temper and in the thick- 
ess range of 0.250 to 3.000 in., delete 
he bend test requirements. 

Add the following maximum yield 
strength requirements for the alloys given 
‘or thicknesses to and including 0.500 in. 
499 in. for clad CG21) of the annealed 


temper: 
Yield Strength, 

Alloy max., psi. 


ln Footnote f change the present 
values “56,000” and “60,000” to read 
8000” and “61,000” psi., respec- 
tively, 

Section 8.—Add the following sentence 
at the end of Paragraph (a): “For plate 


to 
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over 1} in. in thickness, the specimen 
shall be taken midway between the 
center and surface of the plate.” 

Revise Paragraph (6) to read as fol- 
lows: 


(b) Bend Test Specimens.—Bend test speci- 
mens for sheet shall be the full thickness of the 
material, approximately ? in. in width and, when 
practicable, at least 6 in. in length. They may 
be taken in any direction and their edges may be 
rounded to a radius of approximately 7¢ in. if 
desired. For sheet less than ? in. in width, 
the specimens shall be the full width of the 
material. 


Section 11.—KRevise the first sentence 
to read “If any tension test specimen 
fails to conform to the requirements 
prescribed in Table II, two additional 
specimens shall be selected from other 
sheets or plates in the lot and tested.”’ 


Tentative Specifications for Aluminum- 
Alloy Drawn Seamless Tubing (B 210 
48 T): 


Table I.—Delete alloy CM21 from 
this table and throughout the specifica- 
tions. 

Change the maximum allowable zinc 
content for alloy GR1 from the present 
“0.10” to read “0.20” per cent. 

Table I].—¥or alloy CG21 in the 
annealed condition change the present 
maximum tensile strength of 35,000” 
to read “32,000” psi. and insert a maxi- 
mum yield strength of “15,000” psi. 

For alloy GS21 in the annealed condi- 
tion insert a maximum yield strength of 
“14,000” psi. 

Section 10.—Revise the first sentence 
to read “If any tension test specimen 
fails to conform to the requirements 
prescribed in Table II, two additional 
specimens shall be selected from other 
tubes in the lot and tested.” 

Section 11 (b).—Revise the first sen- 
tence to read “Tubes 3 to 6 in., exclu- 


— 
| — 
| 
| 
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sive, in outside diameter, in all tempers 
except annealed, 
straightness by an amount greater than 
0.01 in. times the length of the tube in 


shall not vary in 


feet; the variation from straight for 


TABLE IL.—PERMISSIBLE VARIATIONS IN WALL 


THICKNESS. 
Permissible Variations in Wall 
Thickness, plus or minus, in. 
= 
Mean® | Individual Measurements 
Nominal Wall news 
Thickness, in. oe Allo 
loys 
| con | 
Gs21, 2%, | and Other 
Round GS21, shan 
ound | Round 
Only |200) Only Round 
= 
0.010 to 0.035...... 0.002 0.002 
0.036 to 0.049...... 0.003 0.003 
0.050 to 0.120......| 0.004 | 0.003] 10 per cent of nomi- 
0.121 to 0.203......| 0.005 0.005 but bot less 
0.204 to 0.300......| 0.008 0.008 tha 0 003 in 
0.301 to 0.375..... 0.012 | 0.012 een 
0.376 to 0.500.. 0.032 0.032 


® Mean wall thickness is the average of the two meas- 
urements of wall thickness taken at opposite ends of any 
diameter. 


TABLE III.—PERMISSIBLE VARIATIONS IN W 


HEXAGONAL AND OCTAGONAL TUBES. 


Tentative Specifications for Aluminum 
and Aluminum-Alloy Bars, Rods and 
Wire (B 211-48 T): 


Section 1.—Delete the second sentence 
of Note 1. 

Table I.—F¥or alloy CP21 change the 
requirement for maximum total other 
elements from the present “0.15” to 
read “0.20” per cent. 

Change the maximum allowable zinc 
content for alloy GR1 from the present 
“0.10” to read “0.20” per cent. 

For alloy ZG42 change the minimum 
allowable chromium content from the 
present “0.15” to read “0.18” per cent 

Table II.—Revise certain physical 
property values for the various alloys 
as outlined in the accompanying Table 
IV. The remainder of the table wil 
remain the same. 

Section 7 (b).—Add the followin; 
sentence between the present first a 


IDTH OR DEPTH OF SQUARE, RECTANGULAR, 


Permissible Variations in Width or Depth, plus or minus, in. 


Not at Corners 


Nominal Width or Depth, in. = 
At Corners} Square, 

Hexagonal 
and 

a. Octagonal 
0.008 0.016 


The permissible variation in width is the value from cols 
3 which corresponds to the depth dimension, provided! 
this value is not less than the permissible variation is 
when measured at the corners. The permissible vari 
in depth is the value from column 3 corresponding t0 
width dimension, provided that this value is not lest 
the permissible variation in depth when m 
corners. 


tubes 6 in. and more in outside diameter 
shall not exceed 0.02 in. times the length 
of the tube in feet.” 

Table IV.—Revise Table IV to read 
as shown in the accompanying Table II. 

New Table.—Add a new Table V to 
read as shown in the accompanying 
Table III. 


second sentences: “In rectangles ov 

1 in. in thickness, the specimen 4 
shall be midway between the center # 
the edge.” 

Section 10.—Revise the first sente 
to read “If any tension test speci® 
fails to conform to the requiremes 
prescribed in Table II, two additio 


| 
“I 


specimens shall be selected from other 
pieces in the lot and tested.” 


Tentative Specifications for Aluminum 
and Aluminum-Alloy Extruded Bars, 
Rods, and Shapes (B 221-48 T): 


Table I.—Delete alloy ZG43 from this 
table and throughout the specifications. 
For alloy GS2 change the maximum 
allowable iron content from the present 
“35” to read “0.50” per cent. 
For alloy ZG42 change the allowable 


accompanying Table V. The remainder 
of the table will remain the same. 
Delete the present Footnote c, reletter- _ 
ing subsequent footnotes accordingly. 
Reletter Footnote g as Footnote f 
and insert the following sentence to— 
begin the footnote: “Shapes heat treated 


by the purchaser shall develop a mini- 


mum yield strength of 29,000 psi. and 
are properly designated as T42 temper.” | 
Table IIT.—Revise Footnote a to read 


rs TABLE IV.—REVISED PHYSICAL PROPERTY VALUES. 

ensile ield Strength,| in 2 in. or 

+ Alloy Temper Diameter or Thickness, in. Strength, psi. min., psi. 4X Diam., 

min., per cent 

lean — - — 

aDIE CP21. 42 000 min. 30 000 14 

T4. 62 000 min. 40 000 14 

30 000 min. 16 000 


TABLE V.—REVISED THICKNESS RANGES AND PHYSICAL PROPERTY VALUES. 


Temper 


Thickness, in. 


Elongation 
Tensile Yield in4X 
Strength, psi. Strength, psi. | Diam., min., 
per cent 
hadiostaaan 35 000 max. 19 000 max. 12.0 
naneseeen 30 000 max. 18 000 max. 12.0 
17 000 min. 10 000 min 12.0 
22 000 min. 16 000 min 8.0 
22 000 max. 16 000 max 16.0 
40 000 max. 24 000 max | 10.0 
78 000 min. 70 000 min 7.0 
80 000 min. 72 000 min 7.0 
80 000 min. 70 000 min 7.0 


* Cross-sectional area not over 20 sq. in. 


chromium content range from the pres- 
ent “0.15 to 0.4” to read “0.18 to 0.40” 
per cent. 

Section 7 (b).—Add the following 
between the first and second sentences: 
‘For rectangles over 1} in. in thickness, 
the specimen also shall be midway be- 
tween the center and the edge. For 
imegular shapes, the method for obtain- 
ig specimens for rectangles shall be 
approximated as nearly as practicable.” 

Table II.—Revise certain thickness 
fanges and physical property values for 

€ various alloys as outlined in the 


applicable to a dimension composed of 
two or more component dimensions is 
the sum of the permissible variations of 
the component dimensions if all the com- 
ponent dimensions are indicated.” 

Section 10.—Revise the first sentence 
to read “If any tension test specimen 
fails to conform to the requirements 
prescribed in Table II, two additional 
specimens shall be selected from other 
pieces in the lot and tested.” 

Section 12.—Delete the words ‘“com- 
mercially straight” from the sixth line 


as follows: “The permissible variations __ 
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Tentative Specifications for Aluminum- 
Alloy Extruded Tubing (B 235-48 
T):! 


Table I.—For alloy GS2 change the 
maximum allowable iron content from 
the present “0.35” to read “0.50” per 
cent. 

For alloy ZG42 change the allowable 
chromium content range from the pres- 
ent “0.2 to 0.4” to read “0.18 to 0.40” 
per cent. 


Tentative Specifications for Aluminum 


for Use in Iron and Steel Manufac. 
ture (B 37-46 T): 


Section 1.—Revise to read as follows 
“These specifications cover aluminur 
and aluminum alloy in the form of ingots 
rods, or shot, designated as shown i 
Table I, for use in the manufacture of 
iron and steel. 

Table I.—Delete the present Footnote 
a and revise Note 1 to read “Analysis 
shall be made only for copper, zin 


TABLE VI.—REVISED THICKNESS RANGES AND PHYSICAL PROPERTY VALUES. 


0.109 to 0.499 


0.109 to 0.499 
0.500 and over 


Wall Thickness, in. 


Elongation 

in 2 in. or 
4 X Diam 
min., per cet 


Yield Strength, 


Tensile Strength, 
si min., psi. 


* This alloy, formerly given the designation GS1, was editorially corrected to GS2°in February, 1949. 


Table II.—Revise certain thickness 
ranges and physical property values for 
the various alloys as outlined in the ac- 
companying Table VI. The remainder 
of the table will remain the same. 


ADOPTION OF TENTATIVE AS STANDARD 


The committee recommends that the 
following tentative specifications be 
adopted as standard with revisions as 
outlined. 


1 Tentative Specifications A 235 - 48 T are issued as a 

separate reprint and also appear in the compilation of 

“A.S.T.M. Standards on Light Metals and Alloys,” 
February, 1949. 


magnesium, silicon, and iron unless the 
determination of additional elements is 
required by the contract or order or the 
presence of other elements in substantiz! 
concentration is indicated during th 
course of the analysis. In the latte 
case, the amount of these other eleme 
shall be determined and the total 
copper, zinc, magnesium, silicon 4 
iron, and “other elements” shall 1 
exceed the specified amount prescribe 
in the last column of the table. Une 
otherwise specified in the contract 
order, 0.2 per cent of any ‘other elemet! 
shall constitute a ‘substantial amount 
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Committee B-8 on Electrodeposited 
Metallic Coatings held two meetings 
during the year: one on October 14, 1948, 
in New York, N. Y. in conjunction with 
the Fall Congress of the Electrochemical 
Society and one in Chicago, IIl., on 
March 4, 1949. 

The appointment of Maurice Caldwell 
as official representative of the American 
Electroplaters’ Society on A.S.T.M. 
Committee B-8 has been confirmed by 
the Advisory Committee. 

The committee now consists of 144 
members of whom 45 are classified as 
producers, 26 as consumers, 70 as gen- 
eal interest members, and 3 as con- 
sulting members. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee is presenting for pub- 
Jation a new tentative recommended 
wractice and is recommending revisions 
athree tentatives, adoption of two 
tentatives as standard, and the continua- 
tion of four tentatives and one standard 
a their present status without revision. 
The standards and tentatives affected, 
‘gether with the revisions recom- 
mended, are given in detail in the Ap- 
pendix. 

The recommendations in this report 
lave been submitted to letter ballot of 

| committee, the results of which will 
* reported at the Annual Meeting. 


"Presented at the Fi i 

e Fifty-second Annual M. 

June 27-Jule eeting of the 
torabh — ballot vote on these recommendations was 
Head’, He results of the vote are on record at A.S.T.M. 


REPORT OF COMMITTEE B-8 = 
ON 


-~ELECTRODEPOSITED METALLIC COATINGS* 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Specifications, 
Papers, and Definitions (J. E. Stareck, 
chairman) has recommended action on 
specifications under its jurisdiction as 
detailed in the Appendix to this report. 
The revisions of Specifications A 164 
and A 165 consist of: (a) the addition 
of a paragraph relative to hydrogen 
embrittlement; (b) deletion of present 
Section 5 on Selection of Samples and 
Section 7 on Acceptance and Rejection 
and substitution of Sections 6, 7, and 


10 of Specifications A 166-45 T where : 
applicable; (c) the addition to Section 6 of 
on Test for Thickness of Coating of a 5 
paragraph which permits the use of the 
magnetic method and dropping tests. 
The reasons for these revisions are: 

(a) to warn against dangers of hydrogen 
embrittlement and to refer to methods 7 
for minimizing and removing it; (0) it is 
unlikely that any general schedule of , 


sampling which may now be devised 
can be consistently applied to the wide 
variety of articles which may be plated; 
(c) to facilitate testing while still reserv- — 
ing the microscopic method as the ef-_ 
fective umpire test. These revisions are 
also made in the interest of conformity 
with other specifications under the ju- 
risdiction of Committee B-8. 
Subcommittee I recommends the re- — 
tention of Tentative Specifications A> 
166, B 142, and B 200 in their present 
status without revision pending the com- 
pletion of atmospheric exposure tests 
now in progress and also recommends 
the reaffirmation of Standard Specifica- 
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tions B 141 without revision based on the 
fact that no unfavorable comments have 
been received since publication in its 
present form. 

Subcommitlee II on Performance Tests 
(H. A. Pray, chairman) has continued 
exposure tests of copper-nickel-chro- 
mium deposits on high-carbon steel and 
electro-deposited lead coatings on steel. 
The report of this subcommittee, in- 
cluding available data on these exposure 
tests, is appended.” 

Subcommittee ITI on Conformance Tests 
(W. A. Wesley, chairman) recommends 
the retention of Tentative Methods A 
219 in their present status pending the 
completion of work now in progress 
under Section A on Thickness Tests. 
Progress is reported by each of the four 
active Sections of Subcommittee III en- 
gaged in studying thickness tests; poros- 
ity tests; adhesion, hardness and ductil- 
ity tests; and luster tests. 

Subcommittee IV on Electroplating 
Practice (K. M. Huston, chairman) pre- 
pared the new Tentative Recommended 
Practice for the Preparation of High- 
Carbon Steel for Electroplating, which 
is appended to this report.’ Section A 
(R. M. Wick, chairman) having com- 
pleted this assignment, has been dis- 
charged. Subcommittee IV recommends 
the adoption as standard, without re- 
vision, of the Tentative Recommended 
Practices B 177 and B 183 because these 
tentatives have stood without revision 
for some time, no unfavorable comments 
having been received since they were 
published. 

Progress is being made by the four 
active Sections of Subcommittee IV 
presently engaged in drafting recom- 
mended practices for the preparation for 
plating, and for plating on zinc-base die 
castings; on copper and copper alloys; 

2See p. 220. 

This recommended practice has been accepted as 


tentative by the Society and appears in the 1949 Book of 
A.S.T.M. Standards, Part 2. 


on stainless steel; and on aluminum, 4 
new section has been authorized to sy. 
vey the present status of electroplating 
on plastics and nonconductors to deter. 
mine the advisability of preparing a re 
ommended practice. 

Subcommiliee V on Supplementary 
Treatments for Metallic Coatings (Marc 
Darrin, chairman) recommends the re. 
tention of Tentative Specifications B 
201 as tentative with revisions as de. 
tailed in the Appendix to this report, 

The revisions of this tentative con- 
sist of: (a) adding to Section 1 on Scope 
another note permitting establishment 
of higher requirements between users 
and producers after it has been estab- 
lished that they can be met in practic 
(b) adding to Section 2 on Manufactur 
a clause which puts restrictions on t 
removal of a substantial quantity 
zinc by the chromate treatment itse 
(c) adding to this same section a né 
which emphasizes the importance 
quality of zinc coatings and maki 
reference to Tentative Specifications 4 
164 for minimum thickness requirements 
(d) inserting in Section 6 on Salt Spra 
Test for Quality of Coatings a new fir 
paragraph specifying that specimens be 
aged for a minimum 24 hr. period pri 
to salt spray testing, and eliminatix 
all parts of this section which call for at 
comment on scratching through t 
chromate coating prior to salt spr 

test. 

The reasons for these revisions at 
(a) to take care of the need for superi 
finishes; (b) to minimize the removal © 
appreciable quantities of zinc by 
chromate treatment, which would ¢ 
riously impair quality; (c) to emphas# 
the importance of the quality and thie 
ness of the zinc coating to the corros 
resistance of the chromate film; and ¢ 
because it has been repeatedly dem 
strated that freshly formed chrom 
coatings provide variable and infes# 


| 

| 
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protection in the salt spray. The scratch 
requirement was eliminated for the 
following reasons: (J) it is difficult to 
avoid scratching through the zinc coat- 
ing when it is thin; (2) statistics have 
shown that on zinc coatings failure oc- 
curs with substantially the same fre- 
quency in the scratches and elsewhere; 
and (3) the salt spray does not leach out 
hexavalent chromium available in some 
coatings fast enough to show the pro- 
tection of scratches found in slower 
tests. 

Subcommittee V has had five sections 
actively engaged in studying various 
phases of chromate and phosphate coat- 
ings on zinc and cadmium. A sixth sec- 


tion of supplementary organic feline 
on electrodeposited metallic surfaces. 


This report has been submitted to— 
letter ballot of the committee, which con- 
sists of 140 voting members; 66 mem- — 
bers returned their ballots, of whom 65 | 
have voted affirmatively and 1 nega-— 
tively. 


Respectfully submitted on behalf 
the committee, 
C. H. SAmpte, 
Chairman. 
R. B. SALTONSTALL, 
Secretary. 
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RECOMMENDATIONS AFFECTING STANDARDS RELATING TO 


_ In this Appendix are given proposed 


revisions in certain tentatives relating to 
electrodeposited metallic coatings which 
are referred to earlier in this report. The 
tentatives appear in their present form 
in the 1946 Book of A.S.T.M. Standards, 
Part I-B. 

Reasons for revisions and recommen- 
dations are given in the Annual Report 
under Activities of Subcommittees. 

NEw TENTATIVE 
Tentative Recommended Practice for 
the Preparation of High-Carbon Steel 
for Electroplating: 

This recommended practice is recom- 
mended by Committee B-8 for publica- 
tion as tentative, as appended hereto.’ 


REVISIONS OF TENTATIVES 


The committee recommends that the 
following three tentatives be revised as 
indicated below and continued as tenta- 
tive. 


Tentative Specifications for Electrode- 
posited Coatings of Zinc on Steel 
(A 164 - 40 T):? 


Section 5.—Delete this section and 
- the following new Sections 5, 6, and 
7, renumbering the subsequent sections 
accordingly: 


5. Hydrogen Embriltlement.—After plating 


and any necessary subsequent operations 
| Cot 1) the steel shall be free from the detri- 
mental effects of hydrogen embrittlement. The 
“test methods and their evaluation for freedom 


1 This recommended practice was accepted as tentative 
_ by the Society and appears in the 1949 Book of A.S.T.M. 
_ Standards, Part 2. 

21946 Book of A.S.T.M. Standards, Part I-B 
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from hydrogen embrittlement shall be agreed 
upon by the manufacturer and purchaser. 

Nore 1.—Hardened steels and cold worked 
steels are susceptible to embrittlement by hydro. 
gen in both cleaning and plating operations. This 
embrittlement should be minimized to the great- 
est possible extent by careful control of these 
operations. Embrittlement unavoidably present 
after plating should be removed by a subsequent 
treatment such as baking. A procedure for baking 
to minimize embrittlement is covered in Sectioas 
2 (b) and 7 of the Tentative Recommended 
Practice for the Preparation of High-Carbon 
Steel for Electroplating (A.S.T.M. Designation: 
B 000)! 

6. Selection of Samples.—Out of a lot of 
similar parts, a number of samples shall be 
selected at random. The size of the lot and the 
number of samples to be selected shall be agreed 
upon by the manufacturer and the purchaser. 
All of the samples selected shall be examined for 
any defects as given in Section 2. 

7. Number of Tests.—All of the samples shall 
be tested for thickness of coating in accordance 
with Section 8. 


Section 6.—Renumber as Section 8 (2 
and add the following as a new pata 
graph (6). 


(b) When agreed upon by the manufacturer 
and purchaser, the thickness of a zinc coating 
directly on steel may be determined by the 
magnetic method described in Appendix I or bs 
the dropping test described in Appendix II of the 
Tentative Methods of Test for Local Thicknes 
of Electrodeposited Coatings (A.S.T.M. Designs 
tion: A 219). 


Section 7.—Renumber as Section 9 ant 
substitute the following: 


(9) Acceptance and Rejection.—(a) The num 
ber of samples permitted to fail in the tests, the 
number of samples which shall be taken for ret 
when the first are indecisive, and the number? 
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samples that may fail in the retest shall be agreed 
upon by the manufacturer and purchaser. 

(b) The purchaser shall notify the manufac- 
turer of the rejection of any lot within two 
weeks of receipt of shipment. 


Section 9 (b).—Renumber as Section 
11 (b) and change the last part of this 
paragraph to read “Twice the number 
of parts agreed upon in Sections 6, 7 
and 10.” 


Tentative Specifications for Electrode- 
posited Coatings of Cadmium on Steel 
(A 165 - 40 T):? 

Make the same changes in these 
specifications as recommended above for 
Tentative Specifications A 164, substi- 
tuting “cadmium” for “zinc” where 
applicable. 


Tentative Specifications for Chromate 

Finishes on Electrodeposited Zinc, 
Hot-Dipped Galvanized, and Zinc 
Die-Cast Surfaces (B 201 - 45 T):? 


Section 1.—Designate the present Note 
at the end of this section as Note 1 and 
add the following as Note 2: 


Nore 2.—This specification is intended to 
provide a standard of quality for chromate 
finishes which can be consistently met in good 
commercial practice. Higher requirements may 
be established by agreement between users and 
producers after it has been determined that these 
can be met in practice. 


Section 2.—In the third sentence 
following the words “‘chromate treating,” 
insert “as well as the chromate treatment 


itself.” Add the following note to this 
section: 


Note.—The quality, including the purity and 
thickness of zinc coatings, is known to determine 
toa large extent the efficacy of any subsequent 
chromate treatment. The thickness of zinc coat- 
ings should be at least that of the lowest grade 
specified in the Tentative Specifications for 
Electrdleposited Coatings of Zinc on Steel 
‘A.S.T.M. Designation: A 164) after the chro- 
mate treatment has been applied. 


Section 6.—Substitute the pen 
for Paragraph (a), relettering the pres- 
ent Paragraph (0) as (c): 


6. (a) Aging of Specimens.—Before being 
tested, specimens shall have been aged at room 
temperature for at least 24 hr. after treatment. 

(b) Preparation of Specimen.—The surface of 
the test specimen shall not be cleaned except by 
wiping with a clean, dry cloth to remove all loose 
particles. 


ADOPTION OF TENTATIVES AS 
STANDARD 


The committee recommends that the 
following two tentative specifications be 
approved for reference to letter ballot of 
the Society for adoption as standard 
without revision: 


Tentative Recommended Practices for:* 


Chromium Plating on Steel for Engineering Use 
(B 177 - 45 T), and 

Preparation of Low-Carbon Steel for Electro- 
plating (B 183 — 43 T). 


TENTATIVES AND STANDARD CONn- 
TINUED WITHOUT REVISION 


The committee recommends that the 
following four tentatives and one stand- 
ard be retained in their present status 

without revision: 


Tentative Specifications for:* 


Electrodeposited Coatings of Nickel and Chro- 
mium on Steel (A 166-45 T), 

Electrodeposited Coatings of Lead on Steel 
(B 200 - 45 T), and 

Electrodeposited Coatings of Nickel and Chro- 
mium on Zinc and Zine-Base Alloys 
(B 142 - 45 T). 


Tentative Methods of Test for: 

Local Thickness of Electrodeposited Coatings 
(A 219 - 45 T). 

Standard Specifications for:* 


Electrodeposited Coatings of Nickel and Chro- 
mium on Copper and Copper-Base Alloys 
(B 141 45). 
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REPORT OF SUBCOMMITTEE 


_ Note.—This report as preprinted carried tentative conclusions with respect to the 


copper-nickel-chromium deposits which 


view, felt should be postponed for further consideration when additional data have 
been obtained. At its meeting in Chicago on October 14, 1949, the committee 
voted, without dissent (which vote was subsequently confirmed by letter ballot; 76 4 
affirmative, none negative) to withdraw the original report and to substitute the fol- 
_ lowing revised report with the second section containing only data; the conclusions — 
having been referred back to Subcommittee IT. 
to the Society through the Board of Directors in accordance with Article 20 of the — i 
Regulations Governing Technical Committees and was accepted by the Board on — 


January 17, 1950. 


The following report is divided into two parts. ; 
_ results of the atmospheric exposure of electroplated lead coatings on steel. _ 
The other part of the report gives the results of atmospheric exposure of — 
kel-chromium deposits on high-carbon steet. 


copper-ni 


II ON PERFORMANCE TESTS 


the committee, on subsequent careful re- 


This revised report was submitted _ 


One part summarizes the 


ATMOSPHERIC EXPOSURE OF ELECTROPLATED LEAD COATINGS ON STEEL 


The primary function of electroplated 
lead coatings on steel is to protect the 
base metal from corrosion and conse- 
quent loss in structural strength. 
Changes in appearance on weathering 
are important largely to the extent that 
they reflect the condition of the base 
metal. Until the time of the present 
report, the subcommittee has relied 
upon the results of visual inspection in 
evaluating the effectiveness of various 
lead coatings for the corrosion protection 

of steel. The results have been useful 
~ and the accumulation of visual inspection 
data is being continued. More direct 
evidence of coating protection is now 
available in the form of weight-loss data 
for the steel itself and data on the change 
in tensile properties of the base metal. 
Information on the weathering rate of 
lead, in the electroplated condition, is 
also available and has a direct bearing 
‘on the problem of corrosion protection 
“by lead coatings. 


Visual Inspection: 


Table I summarizes the more recent 
visual inspection data for the specimens 
of electroplated lead coatings on steel 
exposed to the atmosphere at New York, 
N. Y., State College, Pa., Kure Beach, 
N. C., and Tela, Honduras, for periods 
up to somewhat over four years. This 
table may be considered a continuation 
of Table IV of the 1944 report and Tables 
I of the 1945, 1946, and 1947 reports.’ 

Since the ratings in the table are based 
to a considerable extent on the judge- 
ment of the inspectors, certain discrep 
ancies appear in the data. It is partic 
larly difficult to distinguish between the 
“S” rating (percentage of area stained, 
coating intact) and the “R” rating (per 
centage of flaky rust of base metab). [0 
spite of the semiquantitative nature 0! 


1 Proceedings, Am. Soc. Testing Mats., Vol. 44, P- ud 
(1944); Vol. 45, p. 152 (1945); Vol. 46, p. 266 (1946); 
Vol. 47, p. 196 (1947). 
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On PERFORMANCE TESTS 
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Pb Thickness, mil 
Fic. 1.—Weight Loss versus Thickness of Lead Coating. 


the data, the trends indicated by earlier Corrosion Damage to Steel as Measured 


; — ‘spections appear to be continuing. by Weight Loss: 
| From the appearance data, the electro- Representative panels were removed 


plated lead coatings are generally more 

protective to steel at New York (indus- 

trial atmosphere) than at Kure Beach 

seacoast atmosphere). At the other 

two stations (rural and semitropical), 

the degree of protection is intermediate. 

At all of the exposure stations, the 

 *Pparent damage to the steel base de- 

».  ‘Teases with increasing coating thickness 

and, within the limits of the precision of 

the data, increases progressively with 
exposure time. 


from the racks at each of the four expo- 
sure stations and stripped of their lead 
coatings anodically at 15 to 20 amp. per 
sq. ft. in an electrolyte containing 100 g. 
per liter NaOH, 75 g. per liter sodium 
metasilicate, and 50 g. per liter Rochelle 
salt at a temperature of 180 F. Any rust 
remaining was then removed by an 
anodic treatment in 10 per cent sodium 
cyanide solution at 15 amp. per sq. 
ft. and at atmospheric temperature. 
Neither treatment results in a measur- 
able attack on the steel. Knowing the 
ct of a copper undercoating on the original weight of the uncoated steel 
In "te of deterioration of the steel is appar- panel and the weight of the stripped 
7 nt in the early stages of rusting, even panel after exposure, the weight loss 
'n the case of the thicker lead coatings. suffered by the steel panel can be calcu- 


visual examination in the later stages of of damage to the steel base resulting 
Weathering. from weathering. 


| 


This retarding effect is not observable by lated. This is a quantitative measure | 
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Steel weight-loss data are listed in 
Table II. The weight losses, averaged 
for a given coating thickness without 
regard to undercoating or type of plating 
bath, are plotted in Fig. 1 as a function of 
coating thickness. The data confirm 
the results of visual inspection and lead 
to the following generalizations: 

1. The various atmospheres result in 
a wide variation in the protectiveness of 
lead coatings. As indicated from visual 
observation, much less damage occurs to 
coated steel exposed at New York than 
at the other stations within the range of 
coating thickness represented in the tests. 
The seacoast atmosphere at Kure Beach 
is most severe with respect to the deteri- 
oration of steel under lead coatings. 

2. The corrosivity of an atmosphere 
toward bare steel bears no direct rela- 
tionship to the effectiveness of lead coat- 
ings at approximately 4.3 yr. exposure. 
The corrosion rate for steel at New York 
is nearly twice that at State College, 
whereas the damage to lead-coated steel 
isa great deal less at New York. 

3. As indicated by visual inspection, 
damage to the steel base is an inverse 
function of coating thickness at all loca- 

tions. 

4. The protectiveness of lead coatings 
is directly related to the corrosion rate 
for lead in the various atmospheres (see 
Table IV and Fig. 3 for data on lead 
corrosion). 

_ §. The thickness of lead required to 
protect steel for a given time period 
_ varies with the exposure location. Thus 
to avoid steel corrosion of more than 0.1 
g. per sq. in. (1.6 g. per sq. dm.) for 
approximately 4.3 yr. requires a coating 
thickness of about 0.1 mil at New York, 
0.3 mil at State College, 0.4 mil at Tela, 
_ and 0.5 mil at Kure Beach. 

The effect of a copper plate (0.000015 
in.) on steel as a base for electroplated 

lead is shown in Fig. 2. In the case of 
the thicker, more protective coatings, 
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TABLE II—STEEL CORROSION FROM WEIGHT 


LOSS OF STRIPPED PANELS. 
New York Kure State | Tela, 
Beach College 
Nominal | (4,38 yr.) | (4.28 yr.) | 
Coating 
| | adi =a | | Be 
© -| -| S .| 4 
Bare STEEL 
None 620 127.93 617 27.30 618 |17.53) ... 
None..... 624 |29.77| 622 |32.43 619 |15.39) ... 
SuLFAMATE LEAD ON BARE STEEL 
0.09050...| 24 | 0.05) 22 | 4.60) 19 | 1.98) 16 | 5.75 
0.00100...| 48 | 0.03) 46 | 0.84) 43 | 0.01) 40 0.52 
FLUOBORATE LEAD on BARE STEEL 
0.00008 . ..| 780 4.97) 778 17.01! 775 (10.12) 779 (14.12 
0.00025... 72 | 2.09) 70 | 9.32) 67 | 5.74) 64 |10.03 
0.00075...) 132 | 0.03) 130 | 2.68) 127 | 0.50) 124 | 1.69 
0.00100. ..| 156 | 0.02) 154 1.54) 151 | 0.01) 148 | 0.62 


SULFAMATE LEAD ON Cu-PLATED STEEL 


3.32| 259 | 1.15] 256 | 1.1 
0.01| 283 | 0.00) 280 | 0.0 


0.04! 262 
0.02) 286 


0.00050. . .| 264 
0.00100. . .| 288 


FLuosoraTe LEAD ON Cu-PLATED STEEL 


! 
0.00008. . .| 804 | 8.79! 802 '19.43| 799 {13.84 803 
0.00025. 312 | 0.14) 310 (11.58, 307 | 5.42; 304 |13.40 
0.00050. 336 | 0.04) 334 | 3.27| 331 | 0.10) 328 | 1.06 
0.00075. . || 372 | 0.03, 370 | 0.30) 367 | 0.02| ... |.... 
0.00100. : .| 396 | 0.03] 394 | 0.09] 391 | 0.01) 388 | 0.0 


after approximately 4.3 yr. exposure, the 
copper undercoat is definitely beneficial 
at all locations. The results of earlier 
visual examination indicate that this is 
also true for the thinner coatings in the 
initial stages of deterioration. At coat- 
ing thicknesses that permit appreciable 
attack on the steel, the copper film 
appears to accelerate the steel corrosion 
rate. This behavior undoubtedly results 
from the electrode potential relation 
ships for the three metals involved. 


Corrosion Damage to Steel as Measured by 
Change in Tensile Strength: 


Two sheet tension test specimens, witt 
standard 0.500-in. reduced section, wert 
cut from each of the panels used {a 
weight-loss determinations. ‘The results 
of elongation, yield strength, and tensile 
strength determinations are given 2 


Tal 
the 
of 
the 
sult 
Sior 
wei 
to 
| Cor 
I 
uct 
pan 
| hot 
mir 
qua 
Tosi 

eg | 


On PERFORMANCE TESTS 


\ 


Copper-Flashed Steel 
x=——x Bare Steel 


- Tela, Honduras - 4.30 yr. 


Stote College -4.28 yr.“ 


Weight Loss, per sq.in 


Kure Beach-4 


04 06 08 


Pb Thickness, mil 
Fic. 2.—Weight Loss of Steel versus Thickness of Lead Coating. 


Table III. Although the precision of 
the measurement of tensile properties is 
of a different order of magnitude than 
the weight-loss determinations, the re- 
sults emphasize and confirm the conclu- 
sions arrived at by the more precise 
weight-loss method of estimating damage 
to the steel base. 


By stripping the lead corrosion prod- 
ucts from heavily lead-plated (0.002-in.) 
panels after periods of exposure that did 
hot cause rusting of the steel and deter- 
mining the loss in weight of the lead, a 
quantitative measure of the rate of cor- 
tosion of electroplated lead has been ob- 


tained. The weight loss, average thick- _ 
ness loss, and the average penetration — 
rate for lead are givenin TableIV. The _ 
data are shown graphically in Fig. 3. 

The corrosion rate for lead decreases 


highly dependent upon the type of 


‘“ atmosphere to which it is exposed. 
Corrosion Rate of Lead: 7 a. At New York, where the protective- — 


ness of lead coatings is highest, the rate _ 


of corrosion of electroplated lead is low- = 
est. At Kure Beach, where the corrosion 7 — 
rate for lead is high, the protection 
offered to steel by lead coatings is least. 
State College and Tela occupy inter- 


mediate positions in both respects. 
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There is thus a strikingly direct relation- 
ship between the protective value of lead 
coatings at the various exposure stations 
and the rate at which lead corrodes in 
those same atmospheres. 
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The subcommittee intends to con- 
tinue the visual inspection of the test 
panels and to remove panels periodically 
for steel weight-loss and tensile property 
data. 


ON Hicu-CARBON STEEL 


EXPOSURE OF COPPER-NICKEL-CHROMIUM DEPOSITS 


During the past several years, Sub- 
committee II has been concerned with a 
study of the atmospheric corrosion behav- 
ior of composite copper-nickel-chro- 
mium coatings on high-carbon steel. In 
the spring of 1946, an exploratory set of 
panels was exposed at three stations. 


On the basis of the experience gained 
from the exploratory tests, certain of the 
panel preparation techniques were re- 
vised and a method of rating and record- 
ing the behavior of the coatings was 
developed. A more comprehensive pro- 
gram, described here, was then under- 


TABLE III.—STEEL CORROSION FROM TENSILE PROPERTIES OF STRIPPED PANELS. 


Note.—Tensile properties calculated on the basis of original steel thickness. 
Values are the average of data from two standard sheet tensile specimens from each panel. 
Original properties from lead-coated, stored, and stripped panels: 


Elongation in 2 in., 28.5 per cent 
Yield Strength, 45, 200 psi. 
Ultimate Tensile Strength, 54,150 psi. 


New York (4.40 yr.) 


Yield 


| 
Elongation | Strength 


Nominal Coating 
Thickness, in. 


per cent | 
Change 


11.5]—73.0! 24 700 
26 800 


12.5) 


Tensile 
Strength 


Bare STEEL 


—43.0! 33 300 
| 34 000 


| 


Kure Beach (4.38 yr.) 


| Elongation | 


Tensile 


Panel 
No. 
| per 
cent 


recent 


per cent 
Change 


| 


33.2) 38 100 
| 36 700 | 


617 E ~47.41 30 100 |- 


SutraMaTe LEAD ON BARE STEEL 


25.0'—-12.3 
30.0| +5.3 


43 750 
45 400 


19. s|-31.61 6) 41 300, 
22.5,—21.0) 43 100 


—8. 


—1.7| 46 600 


2| $2 800 | 
+4.4) 52800 | 46 


50 400 
—4.6| 52000 | 
27.5| —3.9| 44.600 | —1.3, 54.000 
—1.3) $3900 | — 
| 28.0] —1.7 45 600 +8.9| 53 900 | 


‘| 25.0!—12.31 40 200 |—11.01 49 800| 


—2.5| 22 
| 24.0 —15.8| 43 900 | —2. 


FLvoporate LEAD ON ‘Bane STEEL 


778 
—-4.0 70 
= 3) 


| 15.5, —45.6) 31 800 


| 26.0 


—0. 03 154 | 27.0 —5.3) 43 300 


SuLraMATEe LEAD ON Cu-PLATED STEEL 


—19.3' 44.000 
—5.3) 44 500 | 


—2.7| 53 100 
54 150 


24.5|—14.01 40 000 |—11.5! 
23. 5\-17. 5) 42 600 | —S.7) 


~1.9| 262 
0 | 286 


Fiuosorate Leap ON Cu-PLatep STEEL 


—15. 48 100 802 
—2.4, 53 500 
—4.4 53100 


00 |-26. 
-10.4 


14.0 —50.9! 30 300 |—32.9! 39 700 

22.5 —21.0 37 100 |—17.9) 46 700 
—0.2) 334 | 20.0 —29.8| 39 600 |—12.4| 48 300 
—2.5| 370 | 20.0 —29.8, 41 100 | —9.1) 50 100 
—1.6) 394 | 23. 44.800 | —0.9) 53 300 


—1.2; 310 


|| 
str 
Panel 
No. 
per 
mil 
cent 
| | | 
624 
Tit 
| | 6 2 
0.00008 80 29.6, 41 400 
72 7.5} 47 600 |—12.! 
0.00050........... 96 3.0) 48 600 |-10.2 
0.00075........... 132 1.8 43 500 |-19/ 
4.2) 52 300| -3. 
2 
3 
— 4 
0.00050..............| 264 | 23.0 4 per 
0.00100..............| 288 | 27.0 
| 
2 
3 
0.00008..............| 804 | 23.5,-17.0 3 
312 | 26.0 —8.8) 4 
0.00050..............| 336 | 28.5} 0 |4 
2 
4 


ON PERFORMANCE TESTS 


TABLE I1]—Continued. 


State College (4.28 yr.) Tela, Honduras (4.30 yr.) 


Yield Tensile 
Strength | Strength 


Yield Tensile 
Strength Strength 


Nominal Coating 
Thickness, in. 


Elongation Elongation 


per cent | 
Change 


psi. | 


Bare STEEL 


618 | 19.5|—32.4! 34 000 |—25.3! 43 600 |—19.3 
619 19. 9.0 | 33 500 | 4 3 800 


SuLPaMATE LEAD ON BARE STEEL 


19 | 19.0'~33.3' 42 300| —6.4! 51 100| —s.6| 16 .o!—29.8! —9.9| 48 700 |—10.1 
43 | 25.0,-12.3 44.000! —2.7| 53000| —2:1| 40 —2.2| 52 300| —3.4 


Friuosporate LEAD ON BARE STEEL 


| 22.s|—21.0| 37 300 |-17.5| 47 300 |—12.6] 779 
| 27-5, —3.5| 40 400 50 100 | —7.5) 64 


0. 90050 
9,00075 27.5, —3.5| 44 100 | ~2.4) $3 800 | 124 
0,00100 | 32.0,+12.3) 43 700 | —3.3) 52 700 | —2.7) 148 


SULFAMATE LEAD ON Cu-PLATED STEEL 


22.0'—22.8| 43.600 | —3.5 s3000| ~2.1| 256 
| 27.5, 43 800 —3.1) 53100 | —1.9 280 | 30.0 


FLUOBORATE LEAD ON Cu-PLATED STEEL 


j 
799 y 34 400 |-23. 8) 44 300 |—18.2' 803 3 | 19.0!—33.3 35 500 |—21.4| 43 000 |—20.3 
307 —9.7) 50 400 | 21 0 —26.3| 38 400 |—15.0| 45 300 |—16.3 
331 S| +3. —2.4| 53 600 20.5|—28.1| 40 700 | —9.0| 49 700 | —8.2 
367 "S| +7. —3.3) 53 300 
391 | 23. —2.0, 53.000 —2.1, 388 | 27.5| ~3.5| 44400 | —1.8/ 53 100| —1.9 


MOS J 
ATMOSPHERIC CORROSION ond taken and plated panels were exposed 
nTelos are the average of data from six at five stations in April, 1947. The 
—______________—_____ , purpose of the tests was to determine the 
Initial | Lossin | Average | relative usefulness of various composite 
Exposure! Deposit | Deposit | Penetrate ickel-chromium  electrodeposits 
Time, Weight, | Weight, copper-nicKel-cnro e pos 
| in as protective and decorative coatings in 


various typical atmospheres on _high- 
—.. carbon steel of the type used for auto- 
0.59 0.000066 0.000028 j > j ‘ 
ed 0.00066 o-m, mobile bumpers, in so far as this can be 
0.98 0.000109, 0.000025 determined from tests of this type. 


Kure Beacu, N. C. 
Plan of the Tests: 
2 16.96 1.87 0.000210 | 0.000088 
5.61 2.36 0.000260 0.000078 
4.38 | 18.09 2:82 | 0.000317 | 0.000072 An outline of the thickness, plating, 
7 - and buffing variations included in the 
tests isshownin Table V. The variables 
0.00206 | 0.000063 include the total plate thickness, nickel 
0.000256 | 0.000055 thickness, copper undercoat thickness 
Teta, Honpuras buffing of undercoat, type of nickel plate, 


a.conre | 0. heat treatment of the nickel deposit, 
0.000254 type of steel base, and, in a a limited way, 


NEw Youx, N. Y. 


STATE CoLLEcE, Pa. 


| 
227 
| 
No. 
| lene Psi. | 2S | psi. | 
RY | | 2 | | 
0.00008 | 975 18.0'—36.8) 37 200 |—17.7| 45 400 |—16.1 
38 400 |—15.0) 47 300 |—12.6 
| 26.0 —8.8' 42900| —5.1| 51 200| —5.4 
27.0 —5.3] 44 100 —2.4| 52600} —2.9 
< 259 33 42100 | —6.9| 50500 | —6.7 
5.3) 44900 | —0.7| 53 300 | —1.6 
0.00008........... 
9.00100.......... 
2.40 16.93 
3.45 16.64 
4.40 | 17:71 
6 
1.5 22 
1.6 | «17.18 1.52 
| 16.71 2.28 
7 - 


030 


Thickness Loss, mil 


the polishing procedure for the steel. 
The atmospheric exposure sites were 
selected to include varied and typical 
atmospheres. They were: (1) New York 
(Bell Telephone Laboratories, indus- 
trial); (2) Kure Beach, N. C. (seacoast); 
(3) Pittsburgh, Pa. (Bureau of Mines, 
heavy industrial); (4) State College, Pa. 
(rural); and (5) Coral Gables, Fla. (semi- 
tropical, inland, suburban). A_ sixth 
site, Detroit, Mich. (General Motors 
Research Laboratory) where the pre- 
vailing industrial atmosphere could be 
supplemented by thrice-weekly applica- 
tion of salt solution to simulate winter 


road conditions, was also eines 


Preparation of Test Panels: 


All panels were prepared by the Stand- 
ard Steel Spring Co. at their Coraopolis 
plant in a specially designed small-scale 
plating line using special tanks, racks, 
and buffing and polishing equipment. 
The primary aim in the panel prepara- 
tion program was to produce test panels 


Exposure Time, yr 
Fic. 3.—Thickness Loss of Lead Coating versus Exposure Time. 


5 


representing good commercial platin 
practice and conforming to the intended 
plate characteristics. 

The source and analysis of the steel 
used are given in Table VI. 

The analyses are typical of materials 
used in hot and cold forming of parts to 
be plated. 

The S.A.E. 1095 stock in the form of 
4 by 6in. panels was heated to a tem- 
perature of 1500 to 1590 F., flattened at 
temperature between dies in an hydraulic 
press, air quenched, and subsequently 
drawn at 970 F. to a Brinell hardness of 
approximately 330. 

Both types of steel were polished by 
hand on a belt grinder with alumina grit 
belts. The polishing grit sequence was: 
100, 120, 150 dry, 150 grease. Pro- 
filometer data were taken from polished 
steel panels as a check on the uniformity 
of the operation. In the case of lot 34, 
the above sequence was followed by 24 
grease and 320 grease. ; 

Buffing of the deposits, where ind- 
cated, was accomplished on a specially 


(4.442432 
ssssss 


—— 


| 
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On PERFORMANCE TESTS 
TABLE V.—PLATE THICKNESS AND TYPE. 
Norz.—(b) = buffed; (ba) = buffed and annealed; (WA) = wetting agent present; (pH) = high-pH bath. 
All panels include a final chromium coating 0.0001 in. thick. 


Buffed Total 

Cyanide} Acid | Total Dull Semi- | Bright | 

Copper, |Copper,|Copper,| Nickel, r bright | Nickel, pm A.E.| Steel Finish 
mils mils mils mils Nickel,| mils 

it mils mils 


0.5(b) Polished 
0.5(ba) 


Polished 


1.0(b) 


Polished 


1.0(b) 
1.0(ba) 


Polished 


Polished 


Polished 


Polished 


High polished 


uilt automatic machine, standardized 
and calibrated for metal losses so that RE ps 
S.A.E. 91 
plate thickness after buffing conformed S.A.E. 1095 | Sei. Great 
Steel, Jessup | Steel 
closely to the intended value.* Steel Co. 
The sequence of steps in the cleaning en 
a j ; ick Carbon, per cent 
nd plating cycles for plating nickel om per 
steel, copper on steel, nickel on a copper Phosphorus, per cent 
fla: h ni Sulfur, per cent 
sh, nickel on buffed or unbuffed cop- Silicon, per cent. - 
° romium, r cen 
per, and bright nickel on buffed nickel Zirconium, per cent 
are recorded in Table VII. In cases 
tequiring a deposit of Watts or bright 
nickel over an unbuffed undercoat of %iVven a cold spray rinse, a cold dip rinse, 
copper or nickel, the first deposit was and a cold spray rinse before applying 
—_ the second deposit. The cleaning and 
(,, Details of buffing procedure are described by C. C. plating cycles were carried out on racks 


upps and A. K : 
toplaters Soc., 276-960 Am. Elec- holding eight of the 4 by 6 in. panels. 
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Lot 
0.5 
Ge bes 1.0 
0.9(b) | 1.0 1095 
O.2 | 0.4 0.5 
0.29 ..........1 Of | 0.9 1.0 | 1095 
0.1 0.9 aan 1.0 1095 | 
J 
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TABLE VII.—CLEANING AND PLATING CYCLES. 


Nickel on Steel 


Cathodic clean 
Hot rinse 
Anodic clean 
Hot rinse 

Cold spray rinse 
Cold dip rinse 
HCI dip 

Cold dip rinse 
Cold spray rinse 
Ni plate 


Copper on Steel or Nickel 
on Strike or Heavy 
Unbuffed Copper 


Cathodic clean 
Hot rinse 


| Anodic clean 


Hot rinse 
Cold spray rinse 


| Cold dip rinse 
| HCi dip 


Cold dip rinse 
Cold spray rinse 


| Cyanide Cu strike 


| Cold spray rinse 


H2SO, dip 
Cold spray rinse 
Cold dip rinse 


Nickel on Buffed 
Copper 


Anodic clean 
Hot rinse 

Cold spray rinse 
Cold dip rinse 
NaCN dip 

Cold spray rinse 
Cold dip rinse 
H2SO,4 

Cold dip rinse 
Cold spray rinse 
Cyanide Cu strike 
Cold spray rinse 
H2SO, dip 

Cold spray rinse 
Cold dip rinse 


Bright Nickel 
Builed Nickel 


Cathodic clean 
Hot rinse 
Cold spray rinse 
Cold dip rinse 
Anodic H2SQ, 
Cold dip rinse 
Cold spray rinse 
Cathodic clean 
‘old spray rinse 
HCl diy 
ne dip rinse 
old spray rinse 
Ni plate 


| Cold spray rinse 
| Acid Cu plate or Ni plate 


Cold spray rinse 
| Ni plate 


_ The solution compositions and operat- 
- conditions used in the above cycles 
were as follows: 


Cathodic Alkaline Cleaner (Proprietary), 10 oz. 
‘per gal., 200 F., 30 amp. per sq. ft., 2 min. 

Anodic Alkaline Cleaner (Proprietary), 10 oz. 
per gal., 180 F., 75 amp. per sq. {t., 1.5 min. 


HCl Dip, 50 per cent by volume (20°Raume), 
70 to 80 F., on S.A.E. 1095 steel for 30 sec., on 


S.A.E. 9112 steel for 20 sec., and on buffed nickel 


“prior to bright nickel, 90 F. for 3 min. : 
Anodic H2S0,, 30 per cent by weight 60 F., 15. 
amp. per sq. ft., 1 min. 
H2SO, Dip, 10 percent by volume (66°Baume), 
@ to 70 F., 30 sec. for buffed copper, 5 sec. after 
cyanide strike. 


Watts Nickel 


12.9 oz. per gal. 

5.2 oz. per gal. 

52.2 oz. per gal. 

3.8 oz. per gal. 

Wetting agent 

— -pH 2.0 to 2.3, 120 F., 50 amp. per sq. ft., sur- 
_ face tension 36 dynes per cm. 


_Semibright Nickel (Proprietary) 


2. per gal. 
. per gal. 
. per gal. 
. per gal. 
. per gal. 
. per gal. 
. per gal. 
. per gal. 
pH 2.3 to 2.5, 150 F., 50 amp. per sq. {t., air 
agitation. 


Bright Nickel (Proprietary) 


13.9 oz. per gal. 

10.0 oz. per gal. 

51.3 oz. per gal 
H,BO; 5.2 oz. per gal. 
Brightener organic addition agents 

pH 4.0 to 4.2, 140 F., 40 amp. per sq. ft., sur- 


NiCly-6H2O 


face tension 35 dynes per cm. 


Rochelle Copper Strike 


0.6-0.8 oz. per gal. 
oz. per gal. 

Rochelle salts........ 4.0 oz. per gal. 
pH 12.2 to 12.4, 150 to 160 F., 30 amp. pers. 


ft. 
Acid Copper 


Copper 


CuSO,-5H20 


Molasses 0.5 ml. per gal. 
110 F., 30 amp. per sq. {t., air agitation. 


All panels were given the usual find 
chromium plate from a bath containing 
53 oz. per gal. of CrO; and 0.53 02. pet 
gal. of H2SO,. Prior to chromium plat 
ing, the buffed or bright nickel was givet 
a cathodic clean (NazCOs, 8 oz. per gel, 
Na;PQ,, 1 oz. per gal., NaOH, 2 02. pet 
gal.) for 5 min. at 170 to 180 F. and! 
25 to 30 amp. per sq. ft., followed by+ 
cold spray rinse, an HCI dip (15 per ces! 
by volume, 70 to 80 F. for 30 sec.), a4 


a final cold spray rinse. 
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TABLE VIII. —CHARACTERISTICS OF PLATED PANELS. 


Final hardness (S.A.E. 1095) ‘(Brinell 
Profilometer, micrvinches...... 


Av. dev. +5.6 


Av. r.m.s. 8.1 Av. dev. +2.3 


Intended thickness, mils................. 0.5 1.0 5 


Actual, mils 


Intended mils 
Actual, mils 


“bromium—Intended thickness, mils............. 
Actual, mils 


1. 
0.4 to 0.7 1.4 to 1.5 


1.5 
1.3 to 1.5 


0.9tol.1 


3.0 
2.8 to 3.0 


0.010 to 0.020 
0.011 to 0. 023 


2.0 
1.8 to 2.0 


Before using the plating solutions, 
ognized purification methods were 
itilized to insure representative deposits 
qual to good commercial practice. 
Several panels from each lot were used 
x plate thickness and adherence tests. 
lable VIII summarizes the variations in 
hickness of the copper, nickel, and 
hromium plates from panel to panel on 
lots. Plate variation over the surface 
f any one panel also falls within the 
mits shown. The table also contains a 
ummary of the hardness data and pro- 
lometer readings made on the unplated 
teel panels. It can be seen that highly 
satisfactory conformance to intended 
late characteristics has been achieved. 


Distribution of Panels to Exposure Sites: 


To minimize possible but unknown 
differences that might have been due to 
position on the plating rack or variations 
from rack to rack for a given lot, the 
panels were randomized into nine groups 
f five panels each. One of these ran- 
domized groups was then exposed to the 
atmosphere at each of the selected expo- 
sure sites on racks of the type previously 
used by the subcommittee. The racks 
old the panels at an angle of 30 deg 
irom the horizontal, facing south, in five 
horizontal rows of 37 columns. The 
five specimens of a lot were mounted i in 
a single vertical column. 


Inspection Method: 


To provide a means of recording in- 
section data, a system of rating numbers 


(from 10 to 0), based on the percentage 
defective area at any given exposure 
time, has been used. The rating number 
system is supplemented by an abbrevi- 
ated description of the type of defect. 
In view of the uncertainties in estimating 


TABLE IX.—ABBREVIATIONS 
DESCRIBING DEFECTS. 
Types oF FAILURE. 


Corrosion (rusting) of the basis metal. (Per- 
manent or massive type of basis metal corrosion 
such as that in pinholes, bare or flaked areas, 
or in craters of broken blisters.) 

Stain due to basis metal corrosion products, such 
as rust stain, which can be removed readily 

with a damp cloth or chamois and mild abrasive 
revealing a sound bright surface. 

Stains or spots other than that of obvious basis 
metal] corrosion products. 

Surface pits. Corrosion pits probably not ex- 
tending through to the basis metal—that is, 
absence of obvious basis metal corrosion products 
bleeding therefrom. 

F Flaking or peeling of deposit. 
B Blistering. 

Cc Cracking. 

Z Crazing. 

W = Crow’s feet. 


DEGREE OR EXTENT OF PINHOLE RUSTING, STAINING, 


SuRPACE PITTING, FLAKING, ETC. 


vs very slight amount. 

s slight amount. 
intermediate or moderate amount 
excessive amount. 


DESCRIPTION OF BLISTERS 


less than about 0.5 mm. in diameter. 
about 0.5 to 2.0 mm. in diameter. 
greater than about 2.0 mm. in diameter. 
5 or fewer. 

5* to 25. 
10* to 25. 
25* to 50. 
over 50. 


DESCRIPTION OF LOCATION OF DEFECTS 


= edge = general 


EXAMPLES 


(1) ipR, vscR, sRs = a moderate amount of pin-point 
type rusting, a very slight amount of crater-type rusting, 
and a slight amount of rust stain of which can be readily 
removed. 

(2) iSp, iS, iiW, seZ = moderate surface pitting, mod- 
erate staining (other than rust), an intermediate number 
of moderate sized crow’s feet, a small amount of edge 
crazing. 

(3) xcR, xRs = excessive crater-type rust spots and 
an excessive amount of removable rust over a sound, 
bright, surface. 


teel— 
teel: 
0.5 1.0 
| 
| 
| 
er 
it 
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Rating No. 5 
1.0-2.5 per cent 
Measured 2.46 per cent 


Rating No. 0 
50-100 per cent 
Measured 64.5 per cent 


Rating No. 6 
0.50-1.0 per cent 
Measured 0.80 per cent 
Rating No. 1 
25-50 per cent 
Measured 28.1 per cent 


recent 
0.6 per cent 


Rating No. 2 
be 


10-25 


Measured 


4.—Photographic Standards. 


~ 
82 
to 
a3° 
a7 2 


Fic. 


Rating No. 3 
5-10 
Measured 9.5 per cent 


Rating No. 8 
0.10-0.25 per cent 
Measured 0.25 per cent 


Rating No. 4 
per cent 
Measured 4.0 per cent 
Coating, mils 


2.5-5.0 


Rating No. 9 
0.00-0.10 per cent 
Measured 0.14 per cent 
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On PERFORMANCE TESTS 


accurately the per cent of panel area 
defective, a set of photographic stand- 
ards has been adopted. ‘The per cent 
of the total panel area that has deteri- 
orated with respect to appearance has 
been carefully measured on the original 
photographic prints. ‘The standards are 
reproduced as Fig. 4, which shows the 
actual per cent defective area, the rating 
number, and the range of defective area 
defined by each rating number. It 
should be noted that the rating number 
is a logarithmic function of the per cent 
defective area and that a rating number 
of 10 necessitates that the panel be per- 
fect. 

The system of abbreviations used to 
supplement the rating number record 
and to define the type of deteriorations 
is given in Table IX. 

The subcommittee feels that the use 
of this combined system reduces the ele- 


ment of personal opinion on the part of 
inspecting groups, permits a fairly accu. 
rate visualization of the condition of a 
coating from written records, and yields 
data that are susceptible to graphical 
analysis. 


Test Results: 


The inspection data available to date 
are summarized in Table X. Some 


discrepancies occur in rating numbers 
which indicate that differences of one or 
two units are not significant. 

The tests are being continued and a 
detailed analysis of the data and a com- 
plete statement of the conclusions will 
be included in a subsequent report. 


Respectfully submitted on behalf of 
the subcommittee, 
H. A. Pray, 
Chairman. 
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REPORT OF COMMITTEE B-9 


ON 


METAL POWDERS AND METAL POWDER PRODUCTS* 


This report covers the activities of 
mmittee B-9 on Metal Powders and 
Metal Powder Products for the period 
rom June, 1948, to June, 1949. During 
iis time one meeting was held, in Pitts- 
gh, Pa., on February 1, 1949. 

The committee notes with sorrow the 
ath, during the past year, of C. W. 
ake of the Fansteel Metallurgical 
orp. Dr. Balke was a charter member 
f Committee B-9 and _ contributed 
greatly to the work of the committee. 


New TENTATIVE 


The committee recommends for publi- 
ation as tentative the Definitions of 
lerms Relating to Powder Metallurgy, 
is appended hereto. 


TENTATIVE CONTINUED 
Witnout REVISION 


The committee recommends that the 
fentative Specifications for Sintered 
Metal Powder Structural Parts (B 222 - 
11T)? be retained as tentative without 
revision. 


The recommendations appearing in 
this report have been submitted to letter 
uallot of the committee, the results of 


which will be reported at the Annual 
Meeting* 


__ “Presented at the Fifty-second Annual Meeting of the 
“mety, June 27-July 1, 1949. 

ne hese definitions were accepted as tentative by the 
Cty and appear in the 1949 Book of A.S.T.M. Stand- 

ards, Part 2. 

re Supplement to Book of A.S.T.M. Standards, 
. 

9 : the results of the vote are on record at A.S.T.M. 

Headquarters ; 


ACTIVITIES OF SUBCOMMITTEES _ 


Subcommittee I on Nomenclature and 
Technical Data (F. N. Rhines, chair- 
man).—During the past year, this sub- 
committee reviewed the glossary of 
definitions of terms relating to powder 
metallurgy which had previously been 
approved by main committee ballot and 
submitted to Committee E-8 on Nomen- 
clature and Definitions for comment. 
The comments of Committee E-8 were 
carefully considered and certain changes 
were incorporated in the glossary prior 
to its resubmission to main committee 
vote. It has now been approved as 
noted above and is submitted herewith 
for publication as a tentative. 

Work on a standard tension test bar 
for use in testing metal powder materials 
received considerable attention. ‘This 
work is now almost complete and the 
subsection is contacting interested indi- 
viduals in the powder metallurgy in- 
dustry for their comments prior to its 
submission as a standard test bar. 

Subcommittee II on Metal Powders 
(D. O. Noel, chairman) has been con- 
sidering three phases of work connected 


with the testing of metal powders. ‘The | 


first of these is the development of a 
standard test for the compressibility of 
metal powders. A test program in 
which nine laboratories cooperated indi- 
cated that this test is one which must be 
made under controlled conditions of 
die lubrication and surface finish. A 
paper summarizing the results of the 
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program is being written for publication 
in the ASTM 
A second phase of work in progress is 
_ the development of test methods for 
the chemical analysis of metal powders. 
_ This work has been carried on in cooper- 
_ ation with Committee E-3 on Methods 
_ of Chemical Analysis and with the Metal 
Powder Association. Particular empha- 
; sis is being placed on methods for the 
determination of insoluble matter in iron 
and copper and of the “hydrogen loss” 
of certain powders. 

The third phase of work under con- 
sideration by Subcommittee IT is that 
of subsieve particle size analysis. Task 
- groups to investigate the applicability 

of currently used methods have been 
established and they will make recom- 


mendations. 


Subcommiltee III on Metal Powder 
Products (R. P. Koehring, chairman).— 
Section A on Bearings (D. S. Urquhart, 
chairman) had as its principal activity 
during the year a proposed revision of 
the Tentative Specifications for Metal 
Powder Sintered Bearings (B 202 -45 T)4 
particularly with respect to chemical 
analysis and density ranges. These 
_ changes have been approved by the sub- 
committee and will be submitted to the 
main committee for ballot in the near 
future. In addition this section has had 
under consideration standard lists for 
recommended press fits of metal powder 
bearings and standard size lists for cer- 
tain types of bearings. These lists 
when complete will be recommended for 
appending to the sintered bearing speci- 
fication (B 202 - 45 T). 

Section B on Structural Parts (F. V. 
Lenel, chairman).—Consideration was 
given to additional specifications in the 
structural parts field to cover materials 
of compositions other than those specified 


41946 Book of A.S.T.M. Standards, Part I-B. 


in Tentative Specifications B 222, j 
was considered that iron-carbon and 
iron-copper-carbon mixtures should be 
investigated as well as iron-copper mix. 
tures of higher density than those coy. 
ered in Specifications B 222. Tas, 
groups have been set up to investigate 
the desirability of recommending specj 
fications covering these materials, |; 
addition Section III-B has appointed 
task groups to determine the desirabil. 
ity of standard specifications for brass 
and bronze structural parts and for iron 
parts used in magnetic applications, 

Section C on Sintered Carbides (J. ¢. 
Redmond, chairman) discussed the pos- 
sibility of establishing standard test 
methods for determining the properties 
of cemented carbides and set up task 
groups to recommend procedures for 
measuring hardness, transverse bend 
strength, microstructure, and for pre 
paring a chart giving comparative grades 
of carbides. 

Section D on Friction Materials (F. 
White, chairman) had its first meeting 
during the year and determined that 
there was probably sufficient standardi- 
zation in the friction-facing field to 
warrant an attempt to set up certain 
test methods and specifications for this 
material. Additional producer-consumet 
representation on this section will be 
cultivated. 


This report has been submitted 
letter ballot of the committee, whic 
consists of 51 members; 39 member 
returned their ballots, all of whom hav 
voted affirmatively. 


Respectfully submitted on behalf « 
the committee, 

W. A. REICH, 

Chairman. 

A. SQUIRE, 

Secretary. 
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ON 


EFFECT OF TEMPERATURE ON THE PROPERTIES OF METALS* 


The ASTM-ASME Joint Committee 
on the Effect of Temperature on the 
Properties of Metals has held two mect- 
ings during the year: on December 2, 
1948, during the Annual Meeting of The 
American Society of Mechanical En- 
gineers in New York, N. Y., and on 
June 30, 1949, during the Annual Meet- 
ing of the A.S.T.M. In both instances 
the meetings were preceded by a meeting 
ff the Technical Advisory Committee. 

The membership of the main com- 
mittee now consists of 25 members, not 
counting a representative of the National 
Bureau of Standards and a representa- 
tive of the Bureau of Ships, Navy De- 
partment. The Executive Committee of 
five includes the officers of the main com- 
mittee and two elected members. The 
Technical Advisory Committee com- 
prises the Executive Committee and the 
six panel chairmen. (Currently two panel 
chairmen are also members of the Execu- 
tive Committee, making nine members 
of the Technical Advisory Committee at 
present.) 

Membership of the several panels as 
they stand at present is as follows: 


Gas Turbine Panel... . 21 
Aviation Panel...... aa 22 
Steam Power Panel.............. 26 
Chemical and Petroleum Panel 29 
General Research Panel........ 13 
Data and Publications Panel. . 14 


In conjunction with the December 
meeting, the committee sponsored a 
technical session at which two papers 
were presented: 


. ‘tesented at the Fifty-second Annual Meeting of the 
Society, June 27-July 1, 1949. 
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correlated as soon as possible. However, 
the committee will be busy for at least 
‘six months in compiling data on ferritic 


“Cyclic Heating Test of Main Steam 
Piping Joints Between Ferritic and Austeni- 
tic Steel at Sewaren Generating Station,” 
by H. Weisberg. 

“Report on Graphitization Studies on 
High Temperature Welded Piping of the 
Philadelphia Flectric Co.,” by J. B. Abele 
and A. E. White. 


At the meeting in June, reports were 
received from the Panel Chairmen as 
well as from the Chairmen of Current 
Research Projects: 

Project No. 18 on F ffect of Manufactur- 
ing Variables on the Creep Properties of 
Steel (H. C. Cross, chairman).—A report 
of this project appears in Appendix I. : 

Project No. 29 on Stability of Steels as } 


Affected by Temperature (J. J. Kanter, 
chairman).—A report on this project — 
appears in Appendix IT. 

Reports of the Panels are given below: - 


Gas Turbine Panel (C. T. Evans, Jr., 


chairman): 


There has been considerable discussion 
in the Panel of a list of alloys, currently 
of interest to gas turbines other than 
aircraft, which it is intended to submit —© 
to the Data and Publications Committee 
with recommendation that the data on 
these compositions be assembled and . 


steels and the 18-8 types of steel short 
of super alloys. Accordingly, the Gas 
Turbine Panel will rework the list thus 
far prepared and will attempt to have 
this ready for the Publications Com- 
mittee by the end of this year. 
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Activity under the various projects 
set up by the Gas Turbine Panel is as 
follows: 

GTP1 on Fatigue-—l. R. Kramer 
(chairman), Messrs. Matters and Schab- 
tach. Various phases of fatigue needing 
further study have been discussed. The 
influence of stress concentration is con- 
‘sidered important and amenable to early 
study. The project was directed to organ- 
ize a definite program and get it under 
way as promptly as possible. 

GTP2 on Corrosion-Erosion.—C. T. 
Evans (chairman). Work to date shows 
that SO, appears to be innocuous to 
$-590, S-588 or 25-12 cast material 
(columbium). On the other hand, H.S 
had a definite effect on 25-12 plus colum- 
_bium in a short test at 1350 F. Coal ash 
coated or in loose contact had no effect 
on the stress rupture properties of S-588 
alloy at 1350F. No visible effects of 
corrosion have been discovered. Oil ash, 


however, containing approximately 10 
per cent V,O; and resulting from burning 
a residual from domestic crude oil had 
an effect on stress-rupture and visible 
corrosion on S-588 alloy at 1350 F. Alloy 
19-9DL, however, shows negligible effects 
at this temperature on tests through at 
least 600 hr. Stress-free tests are under 


way with a wide variety of materials in 
contact with various ashes at 1000 F., 
1350 F., and 1500 F. 

Mr. Skinner of the International 
Nickel Co. has reported stress rupture 
tests on Inconel “X” at 1350 and 1500 F. 
using SO, contaminated gas. There is no 
apparent loss of strength. 

It has been recommended that the 
Joint Committee sponsor a symposium 
on this subject for the June, 1950, 
ASTM meeting. 

GTP3 on Test Methods.—J. W. Free- 
man (chairman), Messrs. Bash and 
Fleischmann. This group hopes to have 
a draft of a recommended practice for 
Stress rupture testing ready for presenta- 
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tion to the main committee by Decem- 
ber, 1949. 

GTP4 on Statistical Variations.—G. 
Mohling (chairman), Thompson. Mr, 
Mohling has submitted a large amount 
of stress rupture data on S-816 alloy. 
Mr. Thompson is working with the 
statistical group at the National Bureay 
of Standards in an attempt to evaluate 
this information statistically. 

GTP5 on Thermal Shock—W. (. 
Stewart (chairman), Badger. A_bibli- 
ography of work which had been done 
in this field and work in progress has 
been assembled which will be circulated 
to the panel with the request that each 
panel member advise the chairman of 
other work of which he has knowledge 
and work which he would like to have 
accomplished in this field. 


Aviation Panel (L. Schapiro, chairman): 

The Aviation Panel has had two sub- 
committees studying the possibilities of 
establishing research or testing programs 
on the items of importance to this in- 
dustry. The following statements consti- 
tute the nearly unanimous recommends- 
tion by the Aviation Panel. 

It is feasible to initiate a testing 
program at this time on the item voted 
most important to this industry with 
regard to sheet materials. This project, 
designated AP1A, constitutes the first 
phase of a study of sheet materials and 
has as its purpose “the statistical evalu- 
ation of the creep-rupture properties 0 
five selected alloys by a study of ten 
lots of each alloy, with five sources 0 
supply where the grade permits.” The 
establishment of minimum engineering 
values from this test program will be 
very useful to the aviation industry. lt 
is desired that Subcommittee 1 of thi 
Panel direct this study which will co 
stitute constant load to rupture testing 
450 specimens and reporting the ful 
deflection curve for each. This Panel & 
pects through its membership to be able 
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acquire some of the material for this 
idy and likewise to perform some of 
e test work. Expecting that it may not 
able to perform the complete task 
thout financial assistance, it requests 
e Joint Committee to approve this 
roject ‘in principle” and will endeavor 
submit in the next few months a 
ore detailed statement of the extent of 
ancial support that may be necessary. 
The Panel finds that it is not feasible 
initiate any testing program at this 
me pertaining to the important prob- 
ms facing this industry in regard to 
lading materials. This condition results 
om a need within the industry to give 
ther expression to its problems. 


lam Power Panel (N. L. Mochel, 
chairman): 
The Panel held one meeting during 
le past year, with a second meeting 
lanned for the fall of 1949. The Panel 
onsists of 26 members, representing a 
vide variety of interests in the steam 
ower fields, as follows: 
Contractors and Engineers........ 
Shipbuilders. . 
Research Groups................ 
Alloy and Steel Producers... .... 
Piping Contractor............... 


Valves and Fittings .............. 
Boiler Makers 


UD RR RO 


The Panel has critically reviewed all 
known research and development proj- 
ects dealing with materials and mater- 
ils applications of direct interest to the 
steam power field. 

The Panel also reviewed requests for 
fata and information that have come to 
it from various sources. The immediate 
lemands for information on materials 


ae In connection with new stations, some 


‘ operation, others building, in which 
‘team temperatures have now reached 
the 1000 F. and 1050 F. levels. Austenitic 
steels have now been employed for pres- 


‘ue-carrying parts at this higher tem- 
Petature, 
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The Panel has noted that the Panel 
on Data and Publications is recommend- 
ing prompt publication of a collection of 
high-temperature test data, made avail- 
able by one of its members, and it is be- 
lieved that these data will serve as an 
excellent starting point for the Steam 
Power Panel to initiate further research 
and development to meet its long-time 
needs. 


Chemical and Petroleum Panel (C. L. 
Clark, chairman): 
The following projects have been 
agreed upon for the activities of this 
group: 


Chairman 


Project Title 
N H. W. Schmidt 


o.1 Compilation of Experiences 
with Metals above 1500 F, 

No.2 Compilation of Experiences 
with Metals in Their Transi- 
tion Temperature Range. 

Relative Merits of 18-8 Stain- 
less Steel versus the Stabi- 
lized Grades of Austenitic 
Steels. 

Necessity of Preheating and 
Stress-Relieving Ferritic 
Steels Welded with Austeni- 
tic Steels. 

The Cracking at the Welds of 
12 per cent Chromiun Type 
Liners in Pressure Be 

Differences in Graphitization 
in the Steam Power as Com- 
pared to the Petroleum and 
Chemical Industries. 

Experiences with Corrosion by 
Vanadium Compounds. 


Mr. G. A. Nelson, Shell Develop- 


ment Co., San Francisco, Calif., has been 
appointed Secretary of this panel. 


M. S. Northup 
W. L. Bowler 


No. 5 M. W. Barnes 


No. 6 W. B. Hoyt 


E. F. Tibbetts 


General Research Panel (Alvin J. Herzig, 
chairman): 

The General Research Panel is con- 
fining its initial effort to two programs: 
(1) The effect of the sigma phase on 
the properties of metals at elevated 
temperatures, and (2) the effect of tem- 
perature on the flow and fracture of 
metals. 

A specific project has been outlined 
for the first program, and six specific 
subjects under the second program have 
been assigned to task groups. 

On the recommendation of the task 
groups, action has been approved by the 
General Research Panel as follows: 


i 
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Task Group No. 1, working on the 
subject of the sigma phase, found that 
at least twelve laboratories were already 
engaged in projects which would dupli- 
cate the proposed investigation. It was 
proposed and the Panel agreed that these 
laboratories be invited to participate in 
a symposium on the Effect of the Sigma 
Phase on the Properties of Metals at 
Elevated Temperatures. It is believed 
that a program of subjects can be com- 
pleted for examination by the Panel at 
its December meeting and presentation 
at the June 1950 meeting of the A.S.T.M. 

Task Groups Nos. 2 and 3 studied six 
subjects proposed by A. Nadai and West- 
inghouse Research Laboratories, under 
the general subject of “The Effect of 
Temperature on the Flow and Fracture 
of Metals.”” These subjects were: 

1. An investigation of the conditions 
causing the occurrence of an inflection 
point in the standard creep curve of the 
long-time creep test. 

2. Correlation of long-time constant- 
load creep test and the relaxation test. 

3. The influence of the surrounding 
atmosphere or of certain gases, including 
combustion products in gas turbines on 
the creep of metals and on the fracture 
at high temperatures. 

4. The effect of sharp notches on the 
fracture strength at high temperatures. 

5. Study of creep and fracture condi- 
= under biaxial states of stress at 
elevated temperatures. 

6. A Study of Young’s modulus of 
elasticity, Z, and the modulus of rigidity 
G (or of Poisson’s ratio) of metals at high 
temperature. 

On the basis of the reports of the task 

_ groups, the Panel proposes: 

_ (a) Acceptance of cooperation offered 
_ by Mr. Nadai and Westinghouse, work 
_ to begin immediately on the subject “The 

Influence of the Surrounding Atmos- 
phere or of Certain Gases, including 
Combustion Products in Gas Turbines, 


on the Creep of Metals and on the 
Fracture at High Temperatures.” 

(6) By consultation and discussion 
with Mr. Nadai and Westinghouse, to 
combine two or more of the remaining 
proposals, emphasizing the fundamenta! 
issues, beginning work on the new project 
as soon as a mutually agreeable program 
is reached. 

These recommendations were subse- 
quently approved by the Joint Com- 
mittee. 


Dataand Publications Panel (R. F. Miller, 
chairman): 

This panel developed the appended re- 
port, Appendix III, providing current 
information on many of the facilities that 
are available and in use for low-tempera- 
ture as well as high-temperature testing. 
This information will be of much service 
to the Joint Committee, should be of 
interest to many of those concerned with 
research work in this field, and the data 
are available for use by the National 
Military Establishment. 

This panel is continuing work on a 
questionnaire and data form and onanex- 
tensive program involving the develop- 
ment of latest information on properties 
of materials at elevated temperatures. It 
is also arranging for the publication in 
the near future of a compilation of valu- 
able data on the chemical and physical 
properties of many carbon and alloy 
steels which are used for elevated tem- 
perature service. This report will eventu- 
ally be supplemented by the information 
coming from the more extensive survey 
now being planned. 

Funds in the hands of The American 
Society of Mechanical Engineers for the 
credit of the Committee amounted t0 
$10,587.74 as of June 30, 1949. Of these 
funds, the unexpended portion of the 
$4000 authorized for Project 29, Minute 
No. 1550, is earmarked to cover @ ©0l 
tract with Battelle Memorial Institut! 
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in connection with the work on that members of the committee present or — 

Project. Another $1000 is earmarked for represented at the meeting on June 30, 
york on non-ferrous metals. 1949, out of a total membership of 27. 
No technical program was sponsored ‘There were no negative votes. 

it this time, but a technical session is 

scheduled for the Annual Meeting of the Respectfully submitted on behalf of — 
American Society of Mechanical En- the committee, 

gineers in New York in December, 1949, ERNEST L. ROBINSON, 

Chairman. 

This report was unanimously approved __H. C. Cross, 

subject to editorial changes by the 21 Secretary. 
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APPENDIX I 


EFFECT OF VARIABLES ON THE CREEP RESISTANCE OF STEELS 
(Proyecr No. 18) 


> F&F PREPARED BY H. C. Cross 


At the meeting of December 2, 1948, 
four questions were referred to the 
Project Committee. These questions were 
put to the Advisory Committee by letter. 
Answers were received from four of the 
five members, 

1. Three favor purchasing basic open- 
hearth ingots in which the desired silicon 
and aluminum contents are obtained by 
mold additions. The fourth member 


favors testing only commercial composi- 
tion steels. 


2. Carnegie-Illinois Steel Corp. has 


offered to prepare the desired steels. A 
basic open-hearth coarse-grain practice 
melt is soon to be made with 0.15 per 
cent carbon and 0.30 to 0.60 per cent 
manganese contents, and with an alu- 
minum addition of about 4 lb. per ton 
in the ladle. Ingot additions will be made 
to give ingots with 0.35 per cent silicon 
and aluminum at 1.25 and 2.5 lb. per ton, 
and an ingot with 0.50 to 0.60 per cent 
silicon with 2.5 lb. aluminum per ton. 
These three ingots, along with one of 
_ base heat will be processed to supply 200 
: of 1-in. round stock of each. These 


ingots will give a suitable range of silicon- 
aluminum ratios in ingots from the same 
heat. 

3. One member wished to test com- 
mercial analysis steel, but the desired 
purpose of determining the effect of the 
silicon-aluminum ratio on creep proper- 
ties cannot be carried out with steel of 
0.25 per cent silicon maximum. Three 
members agree that steels of suitable 
silicon content should be obtained. 

4. Steels containing 0.15 per cent silicon 
have already been tested. It is desired to 
test steels with 0.10 and 0.35 and 0.50 
per cent silicon to complete the picture on 
effect of silicon-aluminum ratio. 

For all of these steels, grain-coarsening 
characteristics will be determined, and 
creep resistance at 850 F’. will be deter- 
mined when heat treated to produce both 
fine and coarse austenite grain sizes. If 
indicated desirable by the results, exper!- 
ments to determine critical cooling rates 
for good creep resistance will be made. 

The completion of this project witha 
maximum expenditure of $3500 was au: 
thorized by the Joint Committee 
June 30, 1949. 
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APPENDIX II 


Laboratory test data of graphitization 
susceptibility near welded joints of steels 
for modern steam-power piping have 
been presented in four earlier reports. A 
study of casting steels was sponsored by 
the Manufacturers Standardization So- 
ciety of the Valve and Fittings Industry 
with Chapman Valve Manufacturing 
Co., Crane Co., Edward Valves, Inc., 
Lunkenheimer Co., William Powell Co., 
Reading-Pratt and Cady Division of the 
American Chain and Cable Co., and Wal- 
worth Co. cooperating. Initially, carbon- 
molybdenum (WC1) and 3 per cent 
chromium-molybdenum (WC3) steels 
were subjected to testing and results of 
examinations after almost three years 
aging at 1025 F. were made available last 
year. Further studies are being made only 
after rather long intervals of aging, and 
the few additional examinations in the 
last year show no new developments in 
these materials. Since these tests hold 
little promise of furthering our knowledge 
of graphitization phenomena, it is 
planned to conclude this study after 
35,000 hr. aging. 

After the above program had been 
under way for about a year, it was appar- 
‘nt that more highly-alloyed casting 
steels should be investigated also. Ac- 
cordingly, welded specimens of nickel- 
chromium-molybdenum (WC4), 1.25 per 
cent chromium-molybdenum (WC6) and 
2per cent chromium-molybdenum (C3A) 
steels together with additional 0.5 per 
‘ent chromium-molybdenum (WC3) 
steels were aged at 1100 F. To date, after 


OF STEELS AS AFFECTED BY TEMPERATURE 
(Proyect No. 29) 


PREPARED BY J. J. KANTER 


20,000 hr. (about 23 years) exposure, 
none of these materials has developed 
any graphite. 

The effect of welding variables on the 
graphitization process in 0.5 per cent 
chromium-molybdenum (A280) seamless 
steel pipe was studied by the Pipe Fabri- 
cation Institute with American Locomo- 
tive Co., Crane Co., Grinnell Co., M. W. 
Kellogg Co., and Pittsburgh Piping and 
Equipment Co. cooperating. This mate- 
rial continues to be resistant to graphite 
formation through 20,000 hr. (about 23 
years) aging at 1100 F. 

While practical means of combatting 
graphite formation near welded joints in 
elevated temperature service are well es- 
tablished, studies of a more fundamental 
nature are needed to clarify our under- 
standing of the mechanisms involved. _ 
At Battelle Memorial Institute, Project 
No. 29 is sponsoring an investigation of 
carbides extracted from certain plain low- 
carbon steels of varying graphitization 
susceptibilities. After preliminary tests 
to determine optimum operating condi- 
tions, electrolytic extraction of a speci- 
men anode, contained in a semi-perme- 
able plastic membrane in ammonium 
chloride-citric acid solution, was con- 
ducted on one of the susceptible steels 
and the residue analyzed for eight con- 
stituents by wet chemical methods. Fur- 
thermore, total aluminum content has 
been checked spectrographically by con- 
verting the residue to oxide and compar- 
ing with synthetic iron oxide standards 
containing known amounts of aluminum 
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oxide. Also, an X-ray diffraction exami- These results are reasonably consistent 
nation has been made. All four of the with the view that the residue is chiefly 
steels included in the test program have cementite containing some manganese 
been analyzed for certain special ele- and approximated by the formula (Fe 
ments as shown below: Mn);C. Significance of the soluble aly- 

All values in per cent minum content of the residue has not 
been ascertained, but attention will be 
directed toward clarifying this point. 
| X-ray diffraction analysis shows only a 
= strong pattern of cementite (Fe;C) anda 
fin |- ba — . very faint pattern of what may be kappa 
| 


oluble 
Aluminum 
Aluminum 
B.M.I. 
teristics 


Graphitization 


| Tagoluble 
itrogen,? 


S 


Jo. K1. . 10.005 0.009 0.0056 0.013 0.00005 0.005 > 
| € alumina. When similar data on the other 


vo. 5B - 0-005 0.002 0.006 


| 
| 


steels are made available, additional in- 
formation may be deduced as to the 
mechanism of carbide reversion to 


graphite. 
* Standard Kjeldahl method with results checked by grap 
titration and colorimetric means. 
6 Total vacuum fusion method; precision +0.001 per a 


. G20. .|0.020/0.093 008 
. G21. ./0.095)0. 0079 


0.002 
0.094, 


0.0004 


| 
| 


for O2, +0.00004 per cent for and +0.001 per cent 
or N2. 

© Relatively resistant, but developed graphite after Acknowledgment: 
6000 hr. aging at 1025 F. 


Analysis of residue extracted from Steels for this study were supplied by 
steel 5B as spheroidized and comparison Battelle Memorial Institute, Crane Co,, 
with analysis of the steel is presented and National Tube Co. Nitrogen analy- 
below: ses by the standard Kjeldahl method 
notes were made by the General Electric 

Residue | Steel | , Steel, Co. 

| Weirht, Weight. To date, a total of $2276.64 has been 
ae spent on this study. It is estimated that 
Al (Soluble ) . . about five months more work is required 
Si (Soluble). |. ; to complete the program, and, at the 
present rate of expenditure, this effort 
will consume substantially all of the 
initial appropriation of $4000. A com- 
plete report of the entire investigation 

would then be forthcoming. 


] uscep- 
tible 
Resist- 


In 1940, the ASTM-ASME Joint 
Committee on Effect of Temperature 
m the Properties of Metals conducted 
:survey of the high-temperature testing 
equipment in this country. Considerable 
expansion of these facilities has occurred 
during the past nine years, rendering the 
original survey obsolete. The Joint 
Committee therefore undertook a revi- 
son of this survey, including low- 
temperature as well as high-temperature 
testing facilities. 

The members of the Data and Pub- 
blications Panel, to whom the task of 
conducting the Survey was assigned, 
prepared a selected list of laboratories 
who might possibly have such equip- 
ment, and circulated a questionnaire 
among them. Out of 319 inquiries sent 
out on June 25, 1948, 267 laboratories 
have replied. Of these, 112 indicated 
that they had equipment, and supplied 
the requested information, and a second 
group of 155 laboratories stated that 
they did not have this type of equip- 
ment. A third group of 52 laboratories 
have not replied. 

The completed questionnaires are con- 
lained in the five volumes which com- 
prise this 1949 Survey of High-Tempera- 
‘ure and Low-Temperature Testing 
Equipment. Two copies of the complete 


Prepared by Data and Publications Panel: 
R. F. Miller, Chairman T. Malcolm 


‘ W. Bolton N. L. Mochel 

L. Clark P. G. McVetty 

C C. Cross E. L. Robinson 
> Evans, Jr. Leo Schapiro 

rf Herzig G. V. Smith 

). J. Kanter J. S. Worth 
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survey were prepared, one for the Re- 
search and Development Board of the : 
National Military Establishment in > 


Washington, D. C., andthe other for 
retention by the Data and Publications 
Panel of the Joint Committee. A sum- 
mary of this survey is given below. It 
is suggested that inquiries for more de- 
tailed information regarding the tt 
methods or results be addressed to the 
laboratory conducting the work: 


No. 1.—Tension Tests 


Allegheny Ludlum Steel Corp. 
Allis-Chalmers Mfg. Co. 
Aluminum Company of America 
American Brake Shoe Co. 
Armco Steel Corp. 
American Steel and Wire Co. 
Babcock & Wilcox Co. 
Baker and Co., Inc. 
Battelle Memorial Institute 
Bell Aircraft Corp. 
Bethlehem Steel Co., Inc. 
Blaw-Knox Co. 
Boeing Airplane Co. 
California, University of 
Carnegie-Illinois Steel Corp. 
Carpenter Steel Co. 
Case Institute of Technology 
Caterpillar Tractor Co. 
Chapman Valve Mfg. Co. 
Chase Brass and Copper Co. Inc. 
Chrysler Corporation 
Climax Molybdenum Co. 
Cornell Aeronautical Lab., Inc. 
Crane Co. 
Crucible Steel Company of America 
Cummins Engine Co., Inc. 


( ' 

h 
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Denver & Rio Grande Western RR Co. 
Douglas Aircraft Co., Inc. 
Dow Chemical Co. 
Driver-Harris Co. 
duPont de Nemours, E.I., & Co. Inc. 
Edward Valves, Inc. 
Elliott Co., Inc. 
Fansteel Metallurgical Corp. 
Ford Motor Co. 
General Electric Co. 
General Motors Corp. 
Goodyear Aircraft Corp. 
Haynes Stellite Co. 
Herron, James H., Co. 
Illinois Institute of Technology 
Illinois, University of 
Inland Steel Co. 
International Harvester Co. 
International Nickel Co., Inc. 
Jones & Laughlin Steel Corp. 
Kellogg, M. W., Co. 
Kentucky, University of 
Lockheed Aircraft Corp. 
Lunkenheimer Co. 
Marquette, University of © 
Martin Co. 
Michigan, University of 
Midvale Co. 
National Bureau of Standards 
National Tube Co. 
Naval Air Experimental Station 
Naval Research Laboratory 
_ New York Testing Laboratories, Inc. 
North American Aviation, Inc. 
N. C. State College of Agriculture and Engi- 
neering 
Ohio Steel Foundry Co. 
Ohio State University 
Pennsylvania, University of 
_ Pittsburgh Testing Laboratory 
Powell, Wm., Co. 
Republic Steel Corp. 
Robinson Labs., Inc. 
Smith, A. O., Corp. 
Studebaker Corp. 
Standard Oil Development of N. J. 
_ Syracuse University 
Thompson Products, Inc. 
Tour, Sam and Co., Inc. 
Tube Turns, Inc. 
Union Carbide and Carbon Corp. 
Naval Engineering Experimental 
Station 
U.S. Steel Corp. of Delaware 
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Watertown Arsenal 
Westinghouse Electric Corp. 
Wright Aeronautical Corp. 
Wright-Patterson Air Force Base 


No. 2.—Compression Tests 


American Brake Shoe Co. 

Bell Aircraft Corp. 

California, University of 

Case Institute of Technology 

Chapman Valve Mfg. Co. 

Cummins Engine Co., Inc. 

Dow Chemical Co. 

Edward Valves, Inc. 

International Nickel Co., Inc. 

Kellogg, M. W., Co. 

Martin Co. 

National Bureau of Standards 

New York Testing Laboratories, Inc. 

North American Aviation, Inc. 

N. C. State College of Agriculture and Engi- 
neering 

Ohio State University 

Tour, Sam and Co., Inc. 

U. S. Naval Engineering Experimental 


Station. 


Watertown Arsenal 
Westinghouse Electric Corp. 
Wright-Patterson Air Force Base 
General Electric Co. 

Goodyear Aircraft Corp. 

No. 3.—Controlled Strain Rate Tests 
Battelle Memorial Institute 
California, University of 
Chicago, University of 
Chrysler Corp. 

General Electric Co. 

Haynes Stellite Co. 

Lunkenheimer Co. 

Pennsylvania, University of 

North American Aviation, Inc. 

Tube Turns, Inc. 

Westinghouse Electric Corp. 
No. 4.—Creep Tests 

Allegheny Ludlum Steel Corp. 

Aluminum Company of America 

American Brake Shoe Co. 

Armco Steel Corp. 

Babcock & Wilcox Co. 

Battelle Memorial Institute 

Bethlehem Steel Co., Inc. 

Boeing Airplane Co., Inc. 


= 
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California, University of 
Chapman Valve Mfg. Co. 

Chase Brass and Copper Co. 
hrysler Corp. 

Aeronautical Lab., Inc. 
rane Co. 

rucible Steel Co. of America 
ouglas Aircraft Co., Inc. 

Dow Chemical Co. 

Edward Valves, Inc. 

Elliott Co., Inc. 

eneral Electric Co. 

reat Lakes Steel Corp. 

linois, University of 

nternational Nickel Co., Inc. 
laynes Stellite Co. 

Kellogg, M. W., Co. 

lunkenheimer Co. 

lichigan, University of 

Midvale Co. 

National Bureau of Standards 
National Tube Co. 

\aval Air Experimental Station 
New Jersey Zinc Co. (of Pa.) 
North American Aviation, Inc. 
Standard Oil Development Co. of N. J. 
Syracuse University 

Thompson Products, Inc. 

Union Carbide and Carbon Corp. 
Union College 

U.S. Naval Engineering Experiment Station 
U.S. Steel Corp. of Delaware 
Watertown Arsenal 
Westinghouse Electric Corp. 
Wright-Patterson Air Force Base 
Wright Aeronautical Corp. 


No. 5.—Ruplture Tests 


Allegheny Ludlum Steel Corp. 
Allis-Chalmers Mfg. Co. 
Aluminum Company of America 
American Brake Shoe Co. 
Armeo Steel Corp. 
Babeock & Wilcox Co. 
Battelle Memorial Institute _ 
Bethlehem Steel Co., Inc. 
Boeing Airplane Co. 

lifornia, University of 
Carnegie-Illinois Steel Corp. 
Chapman Valve Mfg. Co. 
Chase Brass and Copper Co., Inc. — 
Chrysler Corp. 
Crane Co, 


Crucible Steel Company of America 
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_ Driver-Harris Co. 


Dow Chemical Co. 
Edward Valves, Inc. 
Elliott Co., Inc. 
General Electric Co. 
General Motors Corp. 
Haynes Stellite Co. 
Illinois, University of 
International Nickel Co., Inc. 
Kellogg, M. W., Co. 
Lunkenheimer Co, 
Massachusetts Institute of Technology - 
Michigan, University of 
Midvale Co. 

National Tube Co. 

Naval Air Experimental Station 
Naval Research Laboratory 
North American Aviation, Inc. 
Powell, Wm., Co. 

Standard Oil Development of N. J. 
Syracuse University 
Thompson Products, Inc. 
U.S. Naval Engineering Experiment Station _ 
U. S. Steel Corp. of Delaware 

Union Carbide & Carbon Corp. 
Watertown Arsenal 
Wright Aeronautical Corp. 
Wright-Patterson Air Force Base 
Westinghouse Electric Corp 


No. 6.—Relaxation Tests 


Allegheny Ludlum Steel Corp. 
Babcock & Wilcox Co. 
California, University of 
Chapman Valve Mfg. Co. 
Crane Co. 

Crucible Steel Company of America 
Dow Chemical Co. 

General Electric Co. 
International Nickel Co., Inc. 
Michigan, University of 
Naval Research Laboratory 
U. S. Naval Engineering Experiment Station 
Westinghouse Electric Corp. 
Wright Aeronautical Corp. 


No. 7.—Torsion Tests 


Allegheny Ludlum Steel Corp, 
Battelle Memorial Institute 
Bell Aircraft Corp. 
California, University of 
Carnegie-Illinois Steel Corp. 
Carpenter Steel Co. 


Ford Motor Co. 
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General Electric Co. 

Globe Steel Tubes Co. 
Kellogg, M. W., Co. 
Michigan, University of 
National Tube Co 

New York Testing Labs., Inc. 


N. C. State College of Agriculture and En- 


gineering 
Republic Steel Corp. 
Tour, Sam and Co., Inc. 


No. 8.—Bend Tests 


Allegheny Ludlum Steel Corp. 
Battelle Memorial Institute 
Bell Aircraft Corp. 
California, University of 
Case Institute of Technology 
General Electric Co. 
_ Goodyear Aircraft Corp. 
Illinois, University of 
_ Naval Air Experimental Station 
York Testing Laboratories, Inc. 
Powell, Wm., Co. 
Tour, Sam and Co., Inc. 
U.S. Steel Corp. of Delaware 
Watertown Arsenal 
Westinghouse Electric Corp. 
Wright-Patterson Air Force Base 


No. 9.—Fatigue Tests 
- Allegheny Ludlum Steel Corp. 
~ Aluminum Company of America 
-American Brake Shoe Co. 
_ Associated Spring Co. 
Battelle Memorial Institute ¢ 
Bell Aircraft Co. 
Boeing Airplane Co. 
4 California, University of 
; Chase Brass and Copper Co., Inc. 
Cornell Aeronautical Laboratory, Inc. 
_ Crucible Steel Co. of America 
Dow Chemical Co. 
Edward Valves, Inc. ’ 
Elliott Co. 
General Electric Co. 7 
Kellogg, M. W., Co. 
Marlin-Rockwell Corp. 
Naval Air Experimental Station 
_ Naval Research Laboratory 
‘ New York Testing Laboratories, Inc. 
N 


. C. State College of Agriculture and Engi- 


neering 
Ohio State University 


Syracuse University 
Thompson Products, Inc. 


U.S. Naval Engineering Experiment Station 
Watertown Arsenal 


Westinghouse Electric Corp. 7 


Wright Aeronautical Corp. 


Wright-Patterson Air Force Base 


No. 10.—Combined Stress Tests 


California, University of 
Case Institute of Technology 
General Electric Co. 

General Motors Corp. 
Georgia School of Technology 
Kellogg, M. W., Co. 
Thompson Products, Inc. 
Westinghouse Electric Corp. 


No. 11.—Impact Tests 


Allegheny Ludlum Steel Corp. 
Aluminum Company of America 
American Brake Shoe Co. 
Armco Steel Corp. 


American Steel Foundries 
Babcock & Wilcox Co. _ 
Battelle Memorial Institute 


Bell Aircraft Corp. 
Bethlehem Steel Co., Inc. 
Blaw-Knox Co. 

California, University of _ 
Carnegie-Illinois Steel Corp. 
Carpenter Stéel Co. 

Case Institute of Technology 
Caterpillar Tractor Co. 
Chapman Valve Mfg. Co. 
Chase Brass and Copper Co. 
Climax Molybdenum Co. 
Coleman & Co. 

Crane Co. 

Crucible Steel Co. of America 
Cummins Engine Co., Inc. 
Denver & Rio Grande Western RR Co. 
Edward Valves, Inc. 

General Electric Co. 

General Motors Corp. 
Georgia School of Technology 
Globe Steel Tubes Co. 
Goodyear Aircraft Corp. 
Herron, James, Co. 

Illinois, University of 

Inland Steel Co. 
International Nickel Co., Inc. 
Jones & Laughlin Steel Corp. 
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Kellogg, M. W., Co. 

Kentucky, University of 
Lunkenhei ner Co. 

Martin Co. 

fichizan, University of 
jilvale Co. 

National Bureau of Standards 
National Tube Co. 


International Nickel Co., Inc. 
Latrobe Electric Steel Co. 
Lunkenheimer Co. 

New York Testing Laboratories, Inc. 
Ohio State University 

Pittsburgh Testing Laboratory 
Powell, Wm., Co. 

Thompson Products, Inc. 


New York Testing Laboratories, Inc. 
\.C. State College of Agriculture and Engi- 
neering 


Tour, Sam and Co., Inc. _ 
Union Carbide & Carbon Corp. 


jnio Steel Foundry Co. 

jnio State University 
Pennsylvania, University of 
Pittsburgh Testing Laboratory 
Powell, Wm., Co. 

Republic Steel Corp. 

Souther Engineering Co. 

Sun Oil Co. 

Thompson Products, Inc. 


Standard Oil Development of N. J. 


Tour, Sam and Co., Inc. 
Tube Turns, Inc. 


Union Carbide & Carbon Corp. 
U.S. Naval Engineering Experiment Station 


U.S. Steel Corp. of Delaware 
Vogt, Henry, Machine Co. 
Watertown Arsenal 
Westinghouse Electric Corp. 
Wright Aeronautical Corp. 


No. 12.— 
Allegheny Ludlum Steel Corp. 


Hardness Tests 


Aluminum Company of America 


American Brake Shoe Co. 
Armco Steel Corp. 
Battelle Memorial Institute 
Bell Aircraft Co. 
California, University of 
Carpenter Steel Co. 
Caterpillar Tractor Co. 
Chapman Valve Mfg. Co. 
Climax Molybdenum Co. 
Crane Co. 
Crucible Steel Co. of America 
Dow Chemical Co. 

Edward Valves, Inc. 

Ford Motor Co. 

General Electric Co. 

General Motors Corp. 

Georgia School of Technology 
Goodyear Aircraft Corp. 

Jones & Laughlin Steel Corp. 


U.S. Naval Engineering Experiment Station 


U. S. Steel Corp. of Delaware 
Watertown Arsenal 
Westinghouse Electric Corp. 


No. 13.—Thermal Conductivity — 


Battelle Memorial Institute 

Bell Aircraft Corp. 

National Bureau of Standards 

Naval Air Experimental Station 
New York Testing Laboratories, Inc. 
New Jersey Zinc Co. (of Pa.) ; 
Pfaudler Co. 

Westinghouse Electric Corp. 


No. 14.—Thermal Expansion 


Allegheny Ludlum Steel Corp. 
Allis-Chalmers Mfg. Co. 
Aluminum Company of America 
American Brake Shoe Co. 
Armco Steel Corp. 

Baker and Co., Inc. 

Battelle Memorial Institute 
Bell Aircraft Corp. 
Bethlehem Steel Co., Inc. 
Carpenter Steel Co. 

Chapman Valve Mfg. Co. 
Climax Molybdenum Co. 
Crane Co. 

Crucible Steel Co. of America 
Driver-Harris Co. 
Edward Valves, Inc. . 
Ford Motor Co. 

General Electric Co. 
International Harvester Co. 


_ International Nickel Co., Inc. 


Jones & Laughlin Steel Corp. 
Kellogg, M. W., Co. 


Lunkenheimer Co. 


Massachusetts Institute of Technology 
Michigan State College 

Michigan, University of _ 
Midvale Co. 
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National Bureau of Standards 
Naval Air Experimental Station 
Ohio State University 
Pennsylvania, University of 
Pittsburgh Testing Laboratory 
Powell, Wm., Co. 
Republic Steel Corp. 
Standard Oil Development of N. J. 
Syracuse University 
Thompson Products, Inc. 
Tour, Sam and Co., Inc. 
Union Carbide & Carbon Corp. 
_ U.S. Naval Engineering Experiment Station. 
_U.S. Steel Corp. of Delaware 
Watertown Arsenal 
Westinghouse Electric Corp. 
- Wisconsin, University of 


No. 15.—Corrosion Tests 
(Including Stress-Corrosion) 


Armco Steel Corp. 
Battelle Memorial Institute 
Chrysler Corp. 
Crane Co. 
Crucible Steel Co. of America 
» 
Driver-Harris Co. 
Motor Co. 
General Electric Co. 
‘International Nickel Co., 
Lunkenheimer Co. 
’ Massachusetts Institute of Technolog 
Michigan, University of 
- National Bureau of Standards 
_ Naval Air Experimental Station 
_ Ohio State University 
Tour, Sam and Co., Inc. 
U.S. Naval Engineering Experiment Station 
U. S. Steel Corp. of Delaware 
Watertown Arsenal 
Westinghouse Electric Corp. 


No. 16.—Damping 


Inc. 


Battelle Memorial Institute 
California, University of 
General Electric Co. 
Syracuse University 
U.S. Naval Engineering Experiment Station 
Westinghouse Electric Corp. 


No. 17.—Modulus of Elasticity 


= Chalmers Mfg. Co. 


' Aluminum Company of America 
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American Brake' Shoe Co. 

Babcock & Wilcox Co. 

Battelle Memorial Institute 

Bell Aircraft Corp. 

Bethlehem Steel Co., Inc. 
California, University of 

Caterpillar Tractor Co. 

Chapman Valve Mfg. Co. 

Climax Molybdenum Co. 

Crane Co. 

Crucible Steel Co. of America 
Electro Refractories & Alloys Corp. 
Goodyear Aircraft Corp. 
Lunkenheimer Co. 

Midvale Co. 

New York Testing Laboratories, Inc. 
Ohio State University 

Pittsburgh Testing Laboratory Zz 
Powell, Wm., Co. 

Standard Oil Development Co. of N. j. 
Syracuse University 

Thompson Products, Inc. 

U.S. Naval Engineering Exper'ment Station 
General Electric Co. 

U. S. Steel Corp. of Delaware 
Watertown Arsenal 

Westinghouse Electric Corp. 
Wright-Patterson Air Force Base 


No. 18.—X-Ray Diffraction 
American Brake Shoe Co. 


Baker & Co. 
Battelle Memorial Institute 7 
California, University of 


Dow Chemical Co. 

Ford Motor Co. 

General Electric Co. 

Massachusetts Institute of Technology 


National Bureau of Standards . 
Naval Air Experimental Station : 
Tour, Sam and Co., Inc. 

U. S. Naval Engineering Experiment Station 
U.S. Steel Corp. of Delaware 


Watertown Arsenal 

Westinghouse Electric Corp. 

Wisconsin, University of 

No. 19.—Equipment for Studying Efed j 
Temperature on Properties of Ceramis 

American Brake Shoe Co. 

Babcock & Wilcox Co. 

Battelle Memorial Institute | 

Bethlehem Steel Co, 
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jlifornia, ‘University of Massachusetts Institute of Technology 
arnegie-Illinois Steel Corp. National Bureau of Standards 
hrysler Corp. : Naval Air Experimental Station 
rane Co. _ N. C. State College of Agriculture and Engi- 
ord Motor Co. neering 
eneral Electric Co. Ohio State University 
corgia School of Technology Standard Oil Development Co. of N. J. 
jinois, University of Tour, Sam and Co., Inc, 
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REPORT OF COMMITTEE C-1 


Cement held three 
meetings during the past year: in De- 
troit, Mich., June 25, 1948, in St. Louis, 
~Mo., October 28, 1948, and in Chicago, 
Ill., March 2, 1949. A good attendince 
of members and interested visitors was 
present at all of these meetings. 
The committee records with sorrow 


Committee C-1 on 


the loss of two of its members by death, 
Lewis R. Ferguson and Howard H. Leh. 
Joseph Brobston was made an Hon- 
orary Member of Committee C-1 in re- 
cognition of his long service on the com- 
mittee which he joined about forty years 


_ RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1948 Annual Meet- 
ing, Committee C-1 presented to the 
Society through the Administrative 
Committee on Standards a revision of the 
Tentative Specifications for Air-Entrain- 
‘ing Portland Cement (C 175-48 T). 
This recommendation was accepted by 
the Standards Committee on September 
29, 1948, and the revised tentative ap- 
_ pears in the 1948 Supplement to Book of 
_A.S.T.M. Standards, Part IT. 

The Sponsoring Committee on Port- 
land Cement (R. R. Litehiser, chairman) 
studied the various questions that arose 

within its scope. Particular attention 
was given to the chemical limits for type 

_ V cement, and air-entraining limits for 
cements in Specifications C 150, which 


* Presented at the 7 aman Annual Meeting of the 


q Society, June 27-July 1, 


ON 
CEMENT* 


led to revisions affecting these speci- 
fications presented later in this report. 
The study of current problems continues, 

The Sponsoring Committee on Ma- 
sonry Cement (H. D. Baylor, chairman) 
reported that test results had been re- 
ceived from most of the laboratories that 
had participated in the cooperative 
freezing-and-thawing tests of mortar 
bars prepared with masonry cements. 
The Sponsoring Committee had also 
made a study of six natural cements. 
Based on the sponsoring committee's 
recommendations, proposed revisions of 
Specifications C 10 and C 91 are pre- 
sented elsewhere in this report. 

The Sponsoring Committee on Blended 
Cements (L. R. Forbrich, chairman 
reported improvement in the method 
for determining the strength of pozz- 
lanic-lime-sand mortars. Steady prog- 
ress has been made in the two cooperative 
series of tests sponsored by the sub 
committee. The one series of tests is 
concerned with the development of 4 
method for evaluating pozzolanic mate 
rials; the other with finding a reliable 
method for measuring the fineness 0 
these materials. 

The Working Committee on Methods 
of Chemical Analysis (W. C. Hanna, 
chairman) continued its studies 4 
various problems, including direct deter 
mination of aluminum oxide, the I 
moval of manganese, and the precipita 
tion of calcium. In view of the preset! 
interest in alkalies in cements, a quit 
and accurate method for their deter 
mination has become very a 
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The subcommittee submitted a method 
involving the use of flame photometry 
shich Committee C-1 is recommending 
for publication as tentative, as appended 
ereto.! This method has been recently 
nade available as the result of coopera- 
tive work between the laboratories of 
the Lone Star Cement Corp. (L. R. 
Pritchard, Chief Chemist); the Portland 
‘ement Association Fellowship at the 
National Bureau of Standards (R. H. 
Bogue, Director); and the Cement Anal- 
ysis Laboratory at the National Bureau 
of Standards (B. L. Bean, in charge). 
This same method is being considered 
for inclusion in Federal specifications. 

The Working Committee on Volume 
Change and Soundness of Portland 
Cement (H. F. Gonnerman, chairman) 
has prepared and is now circulating to 
Committee C-1 for information only, 
a proposed method of test for determin- 
ing the potential alkali reactivity of 
cement-aggregate combinations by meas- 
urement of the expansion of mortar bars. 
The subcommittee is continuing its 
studies of this subject. Prompted by 
some recent experiences, the subcom- 
mittee presented certain proposed revi- 
sions in the Autoclave Test Method, 
C151, which are mostly of a precaution- 
ary nature. Because of the safety 
features involved, the committee is 
recommending these changes, as_ set 
forth later in this report, for immediate 
adoption. 

The Working Committee on Sulfate 
Resistance (D. Wolochow, chairman) 
completed a preliminary cooperative 
series of tests, and worked on the sum- 
mary of results. Details for future work 
were developed in a recent well-attended 
meeting of subcommittee members and 
Visitors. 

The Working Committee on Time of 
‘et (E. E. Berger, chairman) is studying 
current problems in its field, including 


'This method was accepted as tentative by the Society 
Pat fo in the 1949 Book of A.S.T.M. Standards, 


the development of a method for meas- 
uring the degree of premature stiffening 
of cement. The subcommittee recom- 
mended that the Proposed Method of 
Test for Setting Time of Hydraulic 
Cement in Mortar, published as infor- 
mation as an appendix to the 1948 
Report of Committee C-1,? be accepted 
as a new tentative. 

The Working Committee on Heat of 
Hydration (W. J. McCoy, chairman) has 
studied details of the Standard Method 
of Test for Heat of Hydration of Port- 
land Cement (C 186) and has presented, 
as information only at this time, certain 
suggested changes in that method. 
Future work has been planned. 

The Working Committee on Bleeding, 
Plasticity, and. Workability (H. L. 
Kennedy, chairman) has submitted the 
proposed Tentative Specifications for 
Flow Table for use in the Testing of 
Hydraulic Cements. In preparing these 
specifications, the subcommittee coop- 
erated with the cement laboratory of the 
National Bureau of Standards, the 
Working Committee on Strength, and 
the Cement Reference Laboratory. The 
requirements are the same as are being 
considered for inclusion in the Federal 
specifications and are designed to secure 
a table that would give concordant 
results among laboratories and at the 
same time permit the use of the vast 
majority of the existing flow tables. Use 
has been made of the trial calibration 
sample developed in the Cement Refer- 
ence Laboratory. The subcommittee 
is sponsoring a series of cooperative tests 
of bleeding of cements among a group of 
laboratories, using the procedure de- 
scribed in a paper presented at this 
Annual Meeting’ by R. C. Valore, J. C. 
Bowling, and R. L. Blaine of the National 
Bureau of Standards staff. 


The Working Committee on Fineness 


(R. L. Blaine, chairman) has been study- 


2 Proceedings, Am. Soc. Testing Mats., Vol. 48, p. 250 
(1948). 
See p. 891. 
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ing details relating to the turbidimeter 
and the air permeability tests for fineness. 
The subcommittee prepared certain edi- 
torial changes in Standard Method C 
115, as given later in the report. Also, 
editorial changes in the ‘Tentative 
Method C 204 were submitted by the 
subcommittee, as related later in this 
report. Thirty brands of portland 
cement were tested by the air permea- 
bility method and also by the turbidim- 
eter methods, and the results were made 
available to the Sponsoring Committee 
on Portland Cement. 

The Working Committee on Strength 
(G. L. Lindsay, chairman) continued its 
study of questions within its scope, in- 
cluding the effects of variations in the 
rate of loading of strength test specimens. 
An extensive series of tests has been 
sponsored by the subcommittee to de- 
velop information on the comparative 
relationship of the tensile, compressive 

and flexural strength of mortar to the 
flexural and compressive strength of 
concrete. Fifteen laboratories partici- 
pated in these tests, using four cements. 
_ A lengthy compilation and study of the 
data was prepared and distributed to 
members of Committee C-1 and portions 
of that summary are now presented as 
_ Appendix I to this report. 
The Working Committee on Additions 
(C. H. Scholer, chairman) has been 
active in studying questions relating to 
a possible change in policy regarding the 
acceptability of additions to cement in 
Tentative Specifications C 175. C. H. 
Scholer, the present subcommittee chair- 
man, recently succeeded H. J. Gilkey 
_who had been chairman of the subcom- 
_ mittee for some years but had resigned 
_ because of the pressure of other work. 
The change in policy regarding additions 
_ would involve the development of a suit- 
able specification for materials to be used 
as air-entraining additions in Specifica- 
tions C 175. The subcommittee has 
also given attention to questions that 
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have arisen in the course of tests now 
being made for the producer of an addi. 
tion that is now before the subcommittee 
for consideration. 

The Working Committee on Coor. 
dination of Methods of Test (J. R 
Dwyer, chairman) reviewed the Tenta- 
tive Specifications for Flow Table for Use 
in the Tests of Hydraulic Cements, as 
appended to this report.4 The subcom- 
mittee has recommended certain revi- 
sions in the requirements for glass gradu- 
ates in keeping with recent developments 
in that field. The subcommittee also 
recommended a change in the require- 
ments for temperatures of mixing water 
and storages in the various cement test 
methods, to keep in line with the efforts 
of A.S.T.M. and the government to 
standardize the requirements for labo- 
ratory atmospheric conditions as much 
as possible. 

The Working Committee on SO; Con- 
tent (H. S. Meissner, chairman) com- 
pleted the initial phase of its extensive 
cooperative study of eight cements, each 
prepared with seven different amounts 
of gypsum. Six laboratories partic: 
pated in the tests. A detailed extensive 
progress report was distributed to the 
members of Committee C-1. Work is 
being continued on the investigation, 
including the study of durability of the 
cements. In Appendix II to this report, 
there is presented a brief summary of the 
scope and current status of the investi 
gation. 

The Working Committee on Methods 
of Test for Air-Entrainment (H. % 
Cook, chairman) has under study the 
plans for a proposed cooperative test 
program to investigate the possibility 
of using the flow table in lieu of the flow 
trough in Method C 185, and also study 
of other methods of determining the ai 
content of mortar. 


4 These specifications were accepted as 
the Society and appear in the 1949 B 
Standards, Part 3 
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The Editorial Committee (W. J. 
McCoy, chairman) has been engaged in 
studying the details of the various cement 
necifications and test methods and has 
presented its findings from time to time 
for consideration by the respective sub- 
ommittees. 

The Subcommittee on Cement Refer- 
ence Laboratory (G. E. Warren, chair- 
man) continued its supervision and 
counsel in the work of the Cement Refer- 
nce Laboratory at the National Bureau 
of Standards. That laboratory, spon- 
sred by Committee C-1, is a joint 
project of the Government and the 
AS.T.M. and is supported by funds 
received through the National Bureau of 
Standards, the Public Roads Adminis- 
tration, and the A.S.T.M. Inspection 
of cement laboratories at various loca- 
tions has been continued, although on a 
greatly reduced scale because of loss of 
personnel. One new man has been 
trained, and efforts are being continued 
to secure additional help. The three 
200,000-Ib. capacity proving rings have 
been received and calibrated and arrange- 
ments are now being made to enlarge the 
scope of the inspection service among 
cement testing laboratories. Additional 
work was done in studying the prepara- 
tion and distribution of trial samples of 
the experimental mixture developed in 
the Reference Laboratory for the cali- 
tration of flow tables. The laboratory 
continued to cooperate with subcom- 
mittees in matters relating to methods 
and apparatus and was represented at 
meetings of certain Federal, A.A.S.H.O. 
and A.S.T.M. groups interested in mat- 
‘ets relating to cement laboratory pro- 
‘edure and equipment. Miscellaneous 
work included the testing of a small 
‘umber of pieces of cement testing equip- 
ment received at the Bureau for test by 
the Reference L aboratory. 


NEw TENTATIVES 


Tentative Method of Test for Sodium — 
Oxide and Potassium Oxide in Portland — 
Cement by Flame Photometry.—Because — 
of the present interests in alkalies in 
cement and the consequent desire for a 
quick and accurate method for their — 
determination, the committee recom- 
mends the acceptance as tentative of this 
method, as appended to this report.! As 
explained earlier in this report, the pro- 
posed method has been the subject of 
cooperative study by a number of labo- 
ratories. 

Tentative Method of Test for Setting 
Time of Hydraulic Cement in Mortar.— 
The committee recommends the accept- _ 
ance as tentative of this test method which _ _— 
was published as information with the — 
1948 Report of Committee C-1,? with 
the following revisions: 

Section 4(d).—Change the required 
plunger settlement in the test for con- — 
sistency to read “20 + 4mm.” instead 
of “20 + 5 mm.” . 

Tentative Specific cations for Flow Table 


but earlier descriptions have not covered © 
many of the details of design and mount- _ 
ing that, in cooperative studies and in 
the work of the Reference Laboratory, 
were found to play an important part 
in the performance of this apparatus. 
Tentative Specifications for Natural 
committee recommends 
the acceptance as tentative of these 
specifications which are in effect a tenta- 
tive revision of the Standard Specifica- 
tions C 10 and which, when adopted, 
will replace them. 
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the acceptance as tentative of these 1 2 
specifications for the 10-in. flow table 
as appended to this report.* The small 
, flow table has been used for many years, 
ods 
K. 


TENTATIVE REVISION OF STANDARD 


Standard Specifications for Portland 
Cement (C 150 -47).5—The committee 
‘recommends the acceptance of the follow- 
> tentative revision to provide a limit 
on the air-entraining properties of the 
cements covered by these specifications. 

Table II.—Add the following require- 
ment to this table: “Air content of 
mortar, prepared and tested in accord- 
ance with Method C 185, maximum per 
cent by volume, less than 15.0 for all 
types.” 

In order to make footnote c of this 

table consistent with the corresponding 
footnotes in Tentative Specifications 
-C 175 and in the Federal specifications, 
and at the same time provide a more 
meaningful requirement, the committee 
recommends that the last sentence of 
1 footnote c be changed to read: “‘if, at the 
_ option of the purchaser, a 7-day test is 
- required on type III cement, the strength 
at 7 days shall be higher than at 3 days.” 


REVISION OF STANDARDS, IMMEDIATE 
ADOPTION 


The committee recommends revisions 
for immediate adoption in the following 
standards and accordingly asks for a 
nine-tenths affirmative vote at the 
Annual Meeting in order that these 
recommendations may be referred to 
letter ballot of the Society. 

Standard Specifications for Portland 
Cement (C 150 

Table I.—Delete the present limita- 
tions on aluminum oxide (Al,O3) and 
ferric oxide (Fe.O3) for type V cement 
and add the following footnote to this 
table: “The tricalcium aluminate shall 
not exceed 5 per cent, and the tetra- 
calcium aluminoferrite plus twice the 
amount of tricalcium aluminate shall not 
exceed 20 per cent.” 

Add the following formula to footnote 


+1947 Supplement to Book of A.S.T.M. Standards, 
Part II. 


d: “Tetracalcium aluminoferrite (C,AF) 
= 3.04 X per cent Fe.03.” 

Standard Method of Test for Autoclave 
Expansion of Portland Cement (C 15|- 
43):° In order to secure a suitable pres. 
sure gage, and at the same time stress ihe 
importance of observing safety precav- 
tions in the use of the autoclave, the 
following revisions are recommended: 

Section 2.—In Paragraph (c), change 
the fifth sentence to read: ‘“The sides of 
the molds shall be sufficiently rigid to 
prevent spreading or warping.” 

Add the following as a new Paragraph 
(d) to this section: ‘‘(d) Trowel.—The 
trowel shall have a steel blade, 4 to 6 in. 
in length, with straight edges.” 

Reletter the present Paragraph (d) as 
(e), and add the following description of 
the pressure gage to the end of the para- 
graph: “The pressure gage shall havea 
dial diameter of nominally 4} in. and 
shall be graduated from 0 to 600 psi. with 
scale divisions of not more than 5 psi 
The error in the gage shall not exceed plus 
or minus 3 psi. at the operating pressure 
of 295 psi.” 

Reletter the present Paragraph (e) a 
(f) and in the last sentence, add “having 
an insulating grip” after “‘steel reference 
bar.” 

Section 5 (b).—In the fourth sentence, 
italicize the words “and any pressure J 
remaining shall be slowly released by 
partially opening the vent valve unti 
atmospheric pressure is attained.” 

Section 7.—In the second sentenct, 
delete the irrelevant words “and time 0 
setting.” 

Insert the following note as a prot 
inent note in Section 1 since it coversé 
warning in making autoclave tests: 
“Nore.—For safety precautions to b 
observed in making autoclave tests “ 
cement, see Sections 35 to 37 of tit 
Manual of Cement ‘Testing.” 

Standard Specifications for Masow) 


_e 1946 Book of A.S.T.M. Standards, Part. 
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‘ement (C 91 — 48) :’7—In order to provide 
for two types of masonry cement, and 

avoid having two sets of strength 
requirements with possible resultant 
nfusion, the committee recommends 
the following revisions for immediate 
doption : 

Section 1.—Change to read as follows: 
1. These specifications cover two types of 
asonry cement, as follows: 

Type I.—This type of masonry cement is 
yf use in general purpose masonry. 


Type I1.—This type of masonry cement is 
or use where high strength is required. 


Section 4.—Change to read as follows: 


4, Type I.—The average compressive 
trength of 2-in. mortar cubes, made, stored, 
ind tested in accordance with Sections 19 to 
9, shall be not less than 250 psi. at the age of 7 
lays. The average strength at 28 days shall be 
jot less than 500 psi. 

Type II.—The average compressive strength 
of 2-in. mortar cubes, made, stored, and tested 
n accordance with Sections 19 to 29, shall be 
not less than 500 psi. at the age of 7 days. The 
average strength at 28 days shall be not less 
than 1000 psi. 


Revisions in Glass Graduates A ppli- 
cable to Various Cement Testing Methods. 
~-In order to provide for the acceptance 
of glass graduates that may be marked 
according to accepted good practice of 
omitting certain of the lowest graduation 
lines, the committee recommends for 
immediate adoption the appropriate 
changes in the sentences relating to 
graduates in the various cement testing 
methods, the changes to be so done as to 
lect uniformity between those para- 
graphs, so far as possible, in the general 
description of the graduates. 


The schedule governing the omission 
of graduation lines is as follows: 


Capacity, ml. 
Sand 10 


25 omit lowest 2 ml. 


Graduation lines 
no change 


90, 100, and 150 


omit lowest 5 ml. 
200 and 250 
500 


omit lowest 10 ml. 


omit lowest 25 ml. 


rete Supplement to Book of A.S.T.M. Standards, 


Standard Laboratory Conditions.—For 
the purpose of keeping in accord with the 
efforts now being made in Federal and 
A.S.T.M. circles to standardize and 
simplify the requirements for laboratory 


atmospheric conditions, the committee | 


recommends that the wording of the 
cement test methods be so revised that 


the temperature requirement for the — 
mixing water, moist air storage, water 


storage, and the storage for the vials 
in the heat of hydration test will read ‘23 
+ 1.7C.” instead of “21 + 1.7C.” 


ADOPTION OF TENTATIVE REVISION 
AS STANDARD 


The committee recommends the adop- 
tion as standard of the tentative revision 
of the Standard Specifications for Port- 
land Cement (C 150 - 47).§ 


EDITORIAL CHANGES 


Standard Method of Test for Fineness 
of Portland Cement by the Turbidimeter 
(C 115-42).6—The committee recom- 
mends the following changes that are of 
an editorial nature and are intended to 
clarify certain details of the specifications 
so as to insure that the present design 
and practice of using screw elevatorsand 
a hood over the photoelectric cell will 
be continued. The changes 
follows: 

Figure 1.—Add the necessary broken 
lines to the outline of the photoelectric 
cell assembly to indicate the hood more 
clearly. Show the lower end of the 
stirring brush as rounded, in line with 
good practice of past years, instead of 
flat as now shown. 

Section 2.—Change last sentence to 
read: “The apparatus shall consist 
specifically of the parts described in 
Sections 3 to 8 and shall be constructed 
in accordance with the detailed design 
and dimensional requirements shown in 
Fig. 1, except that the case may be of 
either wood or metal.” — 
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Section 3(e).—Change the last sen- 
tence to read: “A hood shall be mounted 
over the photoelectric cell, with a hori- 
zontal slot 4 in. in height by 13 in. in 
width. The front of the hood shall be 
1 + 7 in. in front of the face of the cell.” 

Tentative Method of Test for Fineness 
of Portland Cement by Air Permeability 
Apparatus (C 204 - 46 T).6—The com- 
mittee recommends the following edito- 
rial changes: 

Section 2 (b).—Change the cell depth 
from “5.0 + 0.5 cm.” to “5.0 + 1.5 cm.” 

Section 2 (c).—Change the required 
number of holes in disk from ‘25 to 35” 

o “30 to 40.” 

Section 2 (f).—Change the distance 
from the top of the side outlet to the 
bottom of manometer from “25 to 28 
cm.” to “25.0 to 30.5 cm.” 

Figure 1.—Change the tolerance of 
length of manometer from the lowest 
mark to the top of side arm outlet from 
12.5 to 14.0 cm.” to “12.5 to 14.5 cm.” 

These changes in dimensions of the 
air-permeability apparatus will not ex- 
clude any equipment manufactured to 
meet the earlier tolerances, will not affect 
the results of the tests, and will bring the 
instrument as specified in line with manu- 
facturing practice. 

Tentative Methods of Chemical Analysis 
of Portland Cement (C 114 - 48 T).7—To 
aid in achieving standardization in the 
requirements for the Jones reductor used 
in A.S.T.M. methods, the committee 
recommends that the requirements given 
for it in Section 11 (a) of Methods C 114 


be changed to conform to those given in 
Recommended Practices for Apparatus 
and Reagents for Chemical Analysis of 
Metals (E 50 — 48).* 


TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
Tentative Method of Test for Air Con- 
tent of Air-Entraining Portland-Cement 
Mortar (C 185 — 47 T),° because of a cur- 
rently planned study of some questions 
relating to this method, be retained as 
tentative without revision other than a 
change in the requirements for tempera- 
ture and for glass graduates as mentioned 
earlier in this report. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.® 


This report has been submitted to 
letter ballot of the committee, which 
consists of 85 voting members, of whom 
71 have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
H. JACKSON, 
Chairman. 


8 1946 Book of A.S.T.M. Methods of Chemical Analys: 
of Metals. 

9 The letter ballot vote on these recommendations we: 
favorable; the results of the vote are on record at A.S.T.) 
Headquarters. 


G. E. WARREN, 
Secrelary. 


Subsequent to the Annual Meeting, Committee c 1 aetna to the So- 
ciety through the Administrative Committee on Standards a tentative revi- 


_ sion of the Standard Method of Test for Compressive Strength of Hydraulic 


Cement Mortars (C 109 - 


47). This recommendation was accepted by the 


‘Standards Committee on September 22, 1949, and the tentative revision ap- ; 
pears in the 1949 Book of A.S.T.M. Standards, Part 3. A 
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APPENDIX I 


REPORT OF COOPERATIVE TESTS 


ON THE COMPARATIVE RELA- | 


TIONSHIP OF TENSILE, COMPRESSIVE AND FLEXURAL 
STRENGTH OF MORTAR TO THE FLEXURAL AND 
. COMPRESSIVE STRENGTH OF CONCRETE 
] _ SPONSORED BY WORKING COMMITTEE ON STRENGTH 


PURPOSE 


At the meeting of A.S.T.M. Commit- 
tee C-1 held in Cincinnati, Ohio, on 
March 28, 1947, the Working Committee 
on Strength was given an assignment to 
explore the possibilities of developing a 
test for flexural strength of mortar which 
would be suitable for use as a specifica- 
tion test. It was thought that such a 
test might be found superior to either the 
AS.T.M. method for tensile strength 
(C 190)! or compressive strength (C 109)? 
as an indicator of flexural strength of 
concrete. 

The research laboratory of the Port- 
land Cement Association furnished the 
Working Committee unpublished test 
data which included tensile, compressive, 
and flexural strength tests of standard 
mortar and flexural and compressive 
strength tests of concrete. A statistical 
study of these data indicated that the 
relationship of tensile, compressive, and 
flexural strength of standard mortar to 
the flexural strength of concrete was in a 
positive and fairly high degree of corre- 
lation. There were also indications that 
the compressive strength of C 109 mortar 
and the flexural strength of prisms made 
with C 109 mortar had a better correla- 
Uon with flexural strength of concrete 


Standard Method of Test for Tensile St 
Stan rength of Hy- 
draulic-Cement Mortars (C 190 - 44), 1946 Book of AS. 
Standards, Part II, p. 80. 


*Method of Test for Compressive Strength of Hy- 


draulic-Cement Mo 
Mortars (C 109 - 47), 1947 Supplement to 
Book of A.S.T.M. Standards, Part II, p. =" 


had considerably better correlation with 
the compressive strength of concrete than 
did the C 190 tensile strength. 
The Working Committee decided, on 
the basis of the data studied that the 
assignment be broadened not only to ex- 
plore the possibility of developing a flexu- 
ral strength test of mortar but to consider 
also the comparative relationship of 
the tensile, compressive, and flexural 
strength of standard mortar to the flex- 
ural and compressive strength of con-— 
crete. A cooperative investigation was 
conducted for these purposes. 
The following fifteen laboratories ~ 


and that the C 109 compressive on 


ticipated in this cooperative inves- 
tigation: 
Laboratory Individual 
California Division of 


Highways, Sacramento, 
Illinois Division of High- 
ways, Springfield, Ill... . 
Iowa State Highway Com- 
mission, Ames, Iowa.... 
Minnesota Department of 
Highways, Minneapolis, 
Missouri State Highway 


T. E. Stanton 
H. W. Russell 


Bert Myers 


F. V. Reagel 


ards, Washington, D.C.. Herbert Insley 


North Carolina State 

Highway and _ Public 

Works Commission, Ra- 

C. E. Proudley 
Ohio State, Department of 

Highways, Columbus, 

R. R. Litehiser 


) 
l 
| 
Mo | 
Natio 
26. 


Pennsylvania ‘Department 


of Highways, Harris- 

burg, Pa. ... W. H. Herman 
Portland Cement Assn., 
Chicago, Il.. ...... H. F. Gonnerman 


Public Roads Administra- 


tion, Washington, D.C.. E. F. Kelley 
‘U.S. ‘Bureau of Reclama- 
tion, Denver, Colo. R. F. Blanks 


‘Universal Atlas Cement 
Co., Buffington, Ind... . 
U. S. Waterways Experi- 
ment Station, Clinton, 
Miss. 
Washington State Depart 
ment of Highways, 
Olympia, Wash...... 


W. C. Hansen 


Herbert K. Cook 


Bailey Tremper 


The laboratories are not listed in the 
order in which they appear in the tabula- 


tions of test data. _ 


Four portland cements were furnished 

toeach laboratory. Each laboratory re- 
ceived approximately 380 lb. of each 
cement packed in a steel drum. The 
drums of a given cement were filled in 
such a manner that the cement would be 
the same in all drums. Each laboratory 
was also asked to mix the cement thor- 
bad in each drum before using it. 
The cements are identified as follows: 


MATERIALS 


Cement 7 
| 


‘The cements were furnished and pre- 
-Pared for shipment by two manufac- 
turers. One manufacturer furnished ce- 
ment A and B from one plant and cement 
-C from another plant, and the other 
manufacturer furnished cement D. 

In addition many of the laboratories 
also made tests on some cements which 
they supplied. However, as will be ex- 
plained later, the test data on these ce- 
ments are not included in this report. 
The standard and graded Ottawa 
sands and the concrete aggregates were 

furnished by each laboratory from its 
own supply. 
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DESCRIPTION OF TESTS 


Each of the laboratories made three 
rounds of tests, one each generally on 
different days. Each test round con- 
sisted of the following tests and pro. 
cedures: 

1. Tensile Strength of Mortar—A.S. 
T.M. Method C 190 - 44.—Three speci- 
mens of each cement were tested at 3, 7, 
and 28 days except cement D which was 
tested at 1, 3, and 28 days. 

2. Compressive Strength of Mortar— 
A.S.T.M. Method C 109 -47.—Three 
specimens of each cement were tested at 
3, 7, and 28 days except cement D which 
was tested at 1, 3, and 28 days. 

3. Flexural Strength of Mortar— 
Prisms having a 2 by 2-in. cross-section 
were made with graded Ottawa sand- 
mortar prepared and mixed in accordance 
with A.S.T.M. Method C 109 except the 
batch size was adjusted to give sufficient 
mortar for one specimen. 

The prism molds were filled in two 
equal layers. Fach layer was tampeda 
total of 60 times with the tamper spec- 
fied in Method C 109 as follows: 


Fi‘teen tamps along each side of the 
mold with the 1-in. side of the tamper held 
parallel to the side of the mold and 39 tamps 
along the center line of the mld with the 
tamper held with the 1-in. side at right 
angles length of the mold. 


Three prisms were made of each ce 
ment. They were stored in the moist 
cabinet for 20 to 24 hr. and then in water 
until tested. One specimen each was 
tested in flexure at the ages of 3, 7, and 2 
days (1, 3, and 28 days for cement D). 
It was specified that the load should be 
applied at a rate such that the rate of 
increase in extreme fiber stress be no 
greater than 150 psi. per min. Some 
laboratories did not have testing m 
chines with which they could attain this 
rate of loading, and this resulted in maxi 
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TABLE I.—TENSILE AND COMPRESSIVE STRENGTH OF MORTAR 
Each value is the average of nine ‘Specimens, three each made on different days. 


Laboratory 


Briquete—A. S.T.M. Method C 190 | 


Tensile Strength, psi. 


i Mixing | 


2-in. Cubes—A.S.T.M. Method C 109 


| Mixing Compressive Strength, psi _ 
percent’ 3 days | 7 days | 28 pm per cent , P® | 3 days | 7 days | 28 days 7 
Cement A 
10.4 320 410 459 | 50.0 109 1702 3042 
10.5 | 344 | 463 523 | 52.0 106 | 1585 | 2833 
10.3 334 422. | 497 50.0 106 1749 | 3105 
10.3 320 397 | «448 52.0 107 | 1656 2958 
10.4 325 414 462 | 50.0 110 1700 3017 
10.5 316 418 479 | 51.2 110 | 1396 2543 
10.4 322 415 484 52.8 108 1711 2872 
| 10.3 349 424 485 | 52.0 112 2051 3473 
| 10.3 342 437 507 54.5 104 1621 3022 
10.3 334 404 471 | 51.0 110 1401 2529 
| 10.3 298 389 457 | 52.1 110 1697 2917 
10.3 | 297 401 476 50.0 109 1503 2731 
10.4 | 330 395 424 51.4 105 1677 2867 
| 10.4 | 350 445 475 52.8 104 1510 2685 
TRE IN SS 10.4 323 410 448 51.0 101 1696 3047 
| 10.4 | 327 | 416 473 51.5 | 107 | 1644 2909 
Percentage mean variation .| 4.2 3.6 4.0 
Cement B 
No. 10.4 276 358 413 49.0 108 1608 2938 
No. 10.3 | 310 438 | 500 51.0 | 108 1178 2332 
No. 10.3 292 387 452 48.9 109 1383 2672 
No. 10.4 | 257 346 390 50.0 108 1472 2711 
No. e.3 | 22 383 446 49.0 112 1501 2858 
No. 10.5 | 285 380 434 48.6 106 1279 2557 
10.4 333 404 | 462 51.2 108 1436 2647 
10.4 317 389 459 50.0 113 1717 2981 
10.3 329 | 440 | 491 54.3 110 1237 | 2455 
10.3 306 367 438 50.0 106 1333 2490 
10.3 297 363 403 49.3 109 1402 2747 
10.4 283 399 450 49.0 | 108 1404 2708 
EER ae: 10.5 290 369 429 50.0 | 100 1631 2999 
10.4 | 275 370 435 52.1 108 1165 2295 
105 | 281 389 =| 51.0 106 1454 2894 
10.4 | 24 386 | 442 | 50.2 | 108 1413 2686 
6.0 9.4 
CEMENT C 
284 378 466 49.0) 107 1679 2696 
0 309 436 534 52.0 112 1477 2474 
8 280 | 359 486 48.9 109 1493 2629 
288 | 345 448 52.0 109 | 1422 2371 
286 | (379 467 49.0 112 | 1593 2683 
7 | 288 379 | 484 49.0 109 1290 2275 
J 302 379 495 51.5 108 1458 2335 
5 301 381 486 50.5 113 1947 3025 
6 326 426 526 53.7 109 1444 2721 
5 322 386 478 50.0 113 1297 2136 
8 276 337 443 51.0 110 1584 2569 
x 305 386 461 | 48.5 | 108 | 1487 2671 
0 284 327 413 50.0 110 1562 2553 
“a 310 385 510 51.4 100 1415 2550 
-6 313 363 472 51.0 101 1559 2622 
7 298 376 478 | 50.5 109 | 1514 | 2554 
4.5 5.4 49 7.4 
Cement D 
_1 day 3 days | 28 days | 1 day { 3 days , 28 days 
| 10.9 346 | 475 503 49.0 110 2746 4715 
10.9 348 437 | 545 47.2 106 | 2828 4466 
No.4 11.0 313 423 | 479 49.0 110 | 2767 4422 
No. § 10.8 375 459 | 486 | 49.5 114 2770 +4596 
NO. 6 10.8 350 471 569 48.6 110 2279 «| «+4051 
~ : 368 462 576 51.0 110 2518 | 4129 
390 461 542 49.0 110 3094 4875 
398 499 606 53.3 111 2075 4030 
377 481 517 49.5 109 2239 4122 
384 439 | 534 50.7 | 109 2843 4525 
504 562 50.0 108 | 4111 
339 445 463 50.0 | 104 | 2628 4412 
330 515 570 52.8 110 | 2295 4115 
361 448 506 50.0 | 102 | 2655 4392 
| 364 473 | 537 | 50.0 | 109 | 2577 4359 
Percentage mean variation... 6.2 5.8 | 6.5 | | 95 | 4.3 
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TABLE I1.—FLEXURAL AND COMPRESSIVE STRENGTHS OF MORTAR PRISMS. 


Mortar Prisms—1:2.75 Graded Ottowa Sand by 


Weight Compressive Strength 2.in. 


Modified Cubes from Mortar 


Modulus of Rupture, psi. i 


3 days | 7 days | 28 days 3 days | 7 days | 28 day 


ercentage mean variation. . 


CEMENT A 
470 720 | 980 
360 550 | 720 1560 2745 4399 
380 =| 580 | 805 1805 3270 5140 
395 5909 | 775 1785 3150 4705 
380 560 730 1700 =| (2865 4765 
315 520 780 1285 | 2225 4035 
440 595 760 1660 2695 4135 
350% 495 6854 1950 3215 4999 
425 | 595 740 1720 2915 | 4479 
355 525 710 1640 2940 | 4870 
415 605 ne 1605 2565 3880 
370 535 700 1555 2685 3925 
440 610 740 1505 3125 4120 
390 615 860 1635 2810 4705 
375 565 | 720 1715 3050 4495 
393 583 771 1650 2875 4470 
a9 6.1 69 6.7 13 7.4 
CEMENT B 
435 735 885 
335 520 660 1360 2535 3815 
360 535 710 1560 2715 4115 
355 545 690 1540 2720 4115 
330 550 705 1610 2740 4210 
330 550 770 1210 2250 3300) 
390 580 725 1465 2710 3810 
3004 435% 6104 1690 2700 4345 
330 515 675 1395 2600 4090 
335 500 725 1590 2820 4555 
395 585 745 1505 2720 3550 
320 550 705 1390 2590 3935 
425 590 700 1815 2740 3305 
350 590 770 1320 2395 4185 
350 540 710 1560 2985 440 
360 563 728 1501 2659 4002 
7.5 6.7 5.2 8.3 4.9 6.7 
CEMENT C 
330 490 705 1450 2490 4265 
370 495 795 1725 2645 4680 
355 520 750, 2630 4485 
350 480 725 2455 4445 
300 455 715 1205 1825 3325 
400 505 725 1470 2180 | 3735 
3154 435% 635% 1730 2690 4705 
335 480 715 1535 2460 4425 ° 
325 470 735 1510 2590 | 4690 
420 525 780 1815 2445 4100 
355 490 720 1515 | 4145 
385 515 780 1585 2420 3910 
340 520 840 1505 | 2530 4800 
325 445 705 1540 2600 440 
361 503 759 1557 2459 4306 
9.3 6.1 6.2 6.7 5.1 7.6 
Cement D' 
1 day 3days 28 days 1 day 3 days” _ 2B days 
750 975 1155 
510 725 875 2375 3985 5200 
615 765 995 3065 4365 6110 
585 745 900 2665 3940 5470 
535 740 905 2755 4340 50) 
545 700 960 2320 3650 5165 
580 715 870 2210 3800 410 
4454 6004 785% 2940 4330 6005 
565 740 885 2495 4070 5485 
490 685 925 2520 4390 oon 
595 710 825 2865 3800 4670 
725 840 3870 
590 865 940 2580 4460 5520 
540, 790 1035 2200 3905 
545 | S970 2585 42200 
573 | 761 | 933 | 2584 407s | $373 
7.5 | 6.8 6.9 | 7.8 | 4.3 6.7 


* Not included in average and percentage mean variation because 12-in. span was used. 


- 
i 
| 
Laboratory 
Water, 
_ Percentage mean variation. ... 
108 
10; 
Avg. 50.0 108 lf 
Percentage mean variation Lid 
49.0 107 
No. 2.. 52.0 112 f 
‘ No. 3 48.0 107 
No.4. 51.3 108 tes 
No. 5 49.0 11: 
No.6 48.6 108 
No. 7 51. 4 105 
No.8. 50.5 11: 
No.9... 52.0 104 
No. 10 50.0 11! 
No. 11. 51.0 11¢ 
48.5 107 
No. 13 50.0 10¢ 
51.4 10 
No. 15 51.0 101 
Percentage mean variation aie 
NO. 49.0 11¢ 
114 
108 
| | 


TABLE IIA.—DETAILS OF TESTS ON MORTAR PRISMS. 


Flexural Strength Test Procedure® 


Modified 2-in. 


| Size of Prism, 


Laboratory in. 


Testing Device 
| Design 


Maximum 
Stress Extreme 
Fiber, | 
psi. per min. 


| Cubes Tests at 
Least 


Each Age on 
f Dial Division, Each Round 
lb. Ib. 


| 2 by 2 by 10 


Scholer 
| 2b y 11% PCA 


% 


<<<“<““<“<“< 


PES 


x 


2 
2 
2 
2 
2 
2 
2 
2 
21 
2 
2 
2 
2 
2 


<<<<<<“< 


11} 


AX 


own 
4 own and PCA 


10 000 
2 000 
2 500 


$88 


capped 


sawed to size 


ad All laboratories used a a 6- -in. span with center loading and made two tests on one prism at each age on each round 


cept as follows: 


Laboratory No. 8 used 12-in. span with third-point loading and made one test on a prism and tested two prisms at 
- age on each round for cements A, B, and D and laboratory No. 11 reported only one test value for each age on ¢ each 


"Used flexure testing device attached to a briquet testing machine. 


mum stress in the extreme fiber varying 
over quite a range between laboratories. 

Eight of the laboratories used flexural 
testing devices constructed in accordance 
with a drawing furnished by the Research 
laboratory of the Portland Cement As- 
sociation. It uses a 6-in. testing span 
with center-loading which allows two 
tests on a 2 by 2 by 11}-in. prism. 

The other seven laboratories used de- 
vices which they already had on hand, 
all of which had a 6-in. test span with 
center-loading except laboratory No. 8 
which used a 12-in. span with third-point 
loading. Table IIA gives details of 
prism size, testing devices, maximum 
stress in extreme fiber (psi. per min.), 
capacity and least division of the testing 
machine dial used by each laboratory. 

4. Compressive Strength of Modified 
ein. Mortar Cubes—The broken ends 
temaining after testing the mortar prisms 
in flexure were tested in compression as 
modified 2-in. cubes. The test method 
Was essentially the same as A.S.T.M. 


Methods C 116 — 44° for concrete, except 
that the upper and lower bearing plates 
were 2 in. square and the rate of loading 
was as specified in MethodsC 109. The 
number of tests made on each round by 


the different laboratories are given in 
Table ITA. 


5. Flexural Strength of Concrete-——This 
test was made on concrete beam speci- — 
mens having a cross-section of 6 by 6 in. 
except that laboratory No. 1 used a beam 
of 6 by 8-in. cross-section, and the beams 7 
were loaded at either the center-point or 
third-point of the test span. Details of 
beam size, test span, and loading are 
given in Table IIIA. . 

Each laboratory prepared concrete 
from local sand and coarse aggregate nor- 
mally used as their laboratory standard 
aggregates. It was specified that the 
proportions be such as to produce a ce- 
ment content of between 6 and 6.2 sacks 
per cu. yd., and a slump of 2 to 3 in. 
Mixing was done by the procedure nor- 
mally used in each laboratory. Molding 


* Standard Method of Test for Compressive Strength 
of Concrete Using Portions of Beams Broken in Flexure 
(Modified Cube Method) (C 116-44), 1946 Book of 
A.S.T.M. Standards, Part II, p. 485 
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| | 
150 20 
OE PCA 675 10 
148 
own 210 5 4, 6, or 9 
PCA 150 20 
PCA 150-175 20 
No. 12..... own 150 20 ; 
No 13 PCA | over 150 20 
373 


and curing of the specimens was in ac- 
cordance with A.S.T.M. Method C 192 - 
47T*4 Three specimens were made with 
each cement and one each was tested at 
3, 7, and 28 days (1, 3, and 28 days for 
cement D). Most of the laboratories 
made two tests on each specimen. The 
number of tests made at each age and on 
each test round are listed in Table IITA. 

6. Compressive Strength of Concrete.— 
The broken ends remaining after testing 
the concrete beams in flexure were tested 
in compression as modified cubes in 
with A.S.T.M. Method 
C 116-44. The number of tests made 
= each age on each test round are given 

in Table III(a). 

7. Miscellaneous Tests and Data.— 
‘Each laboratory was asked to make 
_ standard A.S.T.M. tests for setting time, 
“autoclave expansion, Wagner specific 

surface, and air content of mortar on each 
— Each laboratory was also asked 
to make chemical analysis of each ce- 

ment, but this was optional. All labo- 

ratories were asked to supply certain 

miscellaneous information concerning the 
various tests. 

Each laboratory calibrated its 10-in. 
- flow table using a special flow table 
calibration mixture furnished through 

the courtesy of the Cement Reference 
Laboratory. The flow tables were cali- 
brated before starting the test program 
and then again upon completion of the 
test program in order to determine if 
_ there was any change in the flow table 
during the period of the test series. 
Complete instructions for the calibration 
procedure were furnished to each labora- 
tory by Mr. J. R. Dwyer. The flow 
_ value assigned to the calibration mixture 
was 108 per cent. The flows obtained 
with the calibration mixture are given 
in Table X. 


‘Tentative Method of Making and Curing Concrete 

_ Compression and Flexure Test Specimens in the L Labora- 

tory (C 192 - 44 T), 1947 — to Book of A.S.T.M. 
Standards, Part II, p. 272. 
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It should be pointed out that the cali. 
bration mixture is not yet a regular 
Standard Sample of the National Bureay 
of Standards and it was used on only an 
experimental basis in these cooperative 
tests. 

Each laboratory was asked to furnish 
answers to a questionnaire on details of 
flow table construction, pedestal, and 
method of measuring spread of the mor- 
tar on the table and arriving at per cent 
flow. The answers to the questionnaire 
are not included in this report. 


DISCUSSION OF RESULTS 


The results for tensile strength and 
compressive strength of mortar, percent- 
age of mixing water used and per cent 
flow are given in Table I. 

The percentage mean variation values 
in Table I show the reproducibility of the 
tests between laboratories. A conven- 
ient way for making comparisons is to 
average all of the values for each test 
age of the cements to obtain the grand 
average percentage mean variations as 
follows: 


Tensile Strength “Stage 
— 
Test Age, Days 

g | & | 6&1 

ae 14.2 6.0 4.5 5.8 6.8 9.4 7.4 45 
5.3 3.4 15.3 7.4 6.0 

. Eee 4.0 4.6 4.9 6.5 6.8 5.6 6.6 39 
Average 3.9 5.2 4.9 6 6.3 7.5 6.7, 59 
Grand average. | 6.6 


Laboratory No. 6 reported it does not 
use 2-in. cubes for testing cement an¢, 
therefore, its operators were not experi: 
enced with this test. Laboratory No. !0 
also does not use 2-in. cubes for testi0g 
cement because its molds are not a 
proved by the Cement Reference Labo 
ratory. The fairly large variation ib 


f ; 
Avg 
No.9 
No. 12 
No 
No 15 
Avg. 
| 
he 


TABLE III.—TESTS ON CONCRETE. 
Net | 


si 
| Cement Modulus of Rupture of 6-in. 


canons Cement | Slump, |Content,} Air, Concrete Beams, psi. From Concrete Beams, psi. 
Ratio, in. sack per per cent 


W/C,gal. cu. yd. | 


3 days | 7 days | 28 days | 3 days | 7 days | 28 days 


EME 


| 
8: 


| 


| 


ANS hansen 


1.8 | 


CEMENT 


esses 


CO 


CEMENT 


4 


Cement D 


Ww | 


WHNNN 


1.7 


Cement D 


| 
| 


3900 
3925 
4020 
3550 
2485 
3810 


3550 
3840 
3517 


wn 


570 860 | 1025 2540 | 4195 | 5515 
575 765 870 3590 | 5700 | 7870 
345 530 620 2080 | 3150 | 4455 
RR: 590 860 940 3505 | 4660 | 5505 
530 715 855 3480 
460 610 670 3285 | 4780 | 6755 
525 610 825 3425 | 5320 | 6490 
625 735 860 4080 | 5925 | 7590 
ERED 445 665 860 2370 | 4645 | 6800 
| ES 385 610 770 2210 | 3835 | $125 
495 640 750 3950 | 5190 | 7050 
elena 410 630 745 2600 | 3725 | 620 
575 740 860 2970 | 4660 
15 oe ' 455 690 815 3320 | 4980 | 6890 | 
| | sos | 690 | 819 | 310s | 4674 | 6257 | 
| 5.79 | 5.2 | s2s | 685 | 910 2325 | 3610 | 4285 
Sescaet | 6.00 | 5.2 500 675 780 2770 | 4235 | $900 a 
. seie | 606 | 5.6 350 + | 485 565 1935 | 2840 | 3555 
Es | 6.14 | 3.8 645 795 925 3030 | 4005 | 4715 ) 
Lil | 6.03 | 6.1 475 645 740 2625 | 4195 | S210 
| |... 365 495 550 2230 | 3440 | 4960 
... 465 580 690 | 4580 | S755 
5 vessel 6.18 | 7.6 595 685 765 3305 | 4920 | 5360 
, een? 5.84 | 6.0 420 690 745 2145 | 4055 | 6050 
e peer 6.00 | 6.0 320 560 685 1610 | 3040 | 4185 
sagas | 6.13 | 6.1 435 550 705 2730 | 4600 | 5895 . 
| 6.07 375 540 645 2140 | 3185 | 4400 
| sieesanh | 6.00 a 555 665 795 2920 | 4270 | 4930 
#90 6.00 | 400 | 585 670 3820 
d | | | 5s 4s9 | 617 | 726 | 2525 | 3914 | sozs 
aS 
5.00 | 555 745 1000 | 3755 | 5195 
No, 6.10 | 515 660 820 10 | 4580 65 
No. 3 gree | Sos | 3 285 415 545 1705 | 2770 | 4460 
| 6.11 1 595 705 900 2955 3895 4840 
| 6.12 | 2 480 620 785 3305 | 4535 
6.17 415 530 650 3080 | 4210 | 6870 
| 6.16 | 1 430 565 670 3115 | 4780 | 5000 
Seabee | 6.10 | 1 570 680 825 3515 | 4965 | 6540 1 
| 5.88 | 3 435 | 625 820 2655 | 4455 | 
6.00 330 490 770 1860 2 0 
| SSaehateld | 6.22 | 2 420 | 505 705 3280 | 4585 | 6850 
385 525 700 2265 | 3585 | 5425 
| 6.00 | . 545 | 670 870 2905 3935 | 5550 
6.10 | 435 | 615 | 950 3090 | 4490 | 6610 
| | 457 | 786 | 2632 | 4125 | 5900 
~ 
| | | iday | | 28 days| iday | 3 days | 28 days 
= | See | §.83 1.7 635 985 2780 3655 4600 
No.2 OO | 6.10 | 1.4 | 575 91 4205 5780 7445 
not SEES | 6.07 | 2.0 400 685 | 2515 3835 4740 
6.06 2.0 645 950 | 3340 4280 5070 
Ma | 6.08 3.3 585 700 8830 3795 
ut, 6 475 630 720 975 | 6700 
eri: | 6.10 | 2.2 475 620 765 105 | 6710 
| See | 6.03 | 29 625 830 905 945 | 7480 
5.88 | 3.3 575 825 925 970 | 7037 
No 
6.00 440 590 740 1020 5440 
ng 6.17 2.8 555 700 815 | 7525 
6.00 625 810 945 1480 | 5005 
Avg... | | | 2.4 | 547 | 713 | 84s 4820 | 6166 
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TABLE IIIA.—DETAILS OF TESTS ON CONCRETE BEAMS. 


Flexural Strength Test Procedure 


Laboratory Size of Beam, 

Span. | Loadin 
in. 8 

6 by 8 by 40 24 Center 

No. er 6 by 6 by 30 18 Center 
6 by 6 by 20 18 point 

6 by 6 by 40 18 Center 
6 by 6 by 32 18 point 
ace 6 by 6 by 32 18 point 
6 by 6 by 30 18 point 

6 by 6 by 33 18 Center 
6by 6by 344% 18 point 
6 by 6 by 30 18 ¥% point 
6 by 6 by 30 18 point 
SR 6 by 6 by 34 18 ¥% point 
6 by 6 by 30 18 point 

No. 15 6 by 6 by 20 18 \ point 


® The 1-day specimens for cement D were not capped. 


Three tests on cement D at 1 day. 


per cent mixing water used by the differ- 

“ent laboratories for the 2-in. cube mortar 

may also be a contributing factor causing 

slightly higher percentage mean varia- 

tion in the C 109 compressive strength 

test. There does not appear to be a 

consistent relationship between per cent 

_ mixing water and compressive strength. 

The modulus of rupture of mortar 

prisms and the companion compressive 

strength results on modified 2-in. cubes 

are given in Table II. The grand aver- 

age percentage mean variation between 

‘ laboratories is 7.0 for modulus of rupture 

and 6.7 for compressive strength. ‘These 

values are close to those for C 109 com- 
_ pressive strength in Table I. 

The foregoing percentage mean varia- 

_ tions in average strength between labora- 

tories are probably not suitable criteria 

_as to the relative reproducibility between 

laboratories of the several tests. The 

reason is because they are based on 

strength valués which are the average of 

nine specimens (three each, tested at 

each age, on three different test rounds) 

_ while in routine testing, comparisons 


_ between laboratories are almost entirely 


Modified 6-in. Cubes 


Tests at | Tes 
|_AS.T.M. | Each Age | A.S.T-M. Test Each 
Test Method on Each | Method on Ea 
| Round Round 
| wanes 2 C 116 - 44 2 

| C116 -44 2 

C 78 - 44 1 | C1644 2 
oe 3 C 116 - 44 3 

C 78 - 44 2 C 116 - 44 3 

C 78 - 44 2 C 116 - 44 2 

| 44 2 C 116 - 44 2 
aaa 2 C 116 - 44% 2° 
C 78 - 44 2 C 116 - 44 2 

C 78 - 44 2 C 116 - 44 2 

C 78 - 44 2 C 116 - 44 2 

C 78 = 44 2 C 116 - 44 2 

| C7844 1 C 116 - 44 1 
C 78 - 44 1 | 2 


on the basis of only three specimens 
tested at each age. 

Measures of the relative reproduci- 
bility of the different mortar strength 
tests within a laboratory are the per- 
centage mean variations in strength of 
three specimens from their average and 
between test rounds. A summary of 


these average percentage mean varia- 
tions is as follows: 
[So 
eas 
Baad 
Average percentage 
mean variation of 
three specimens 
from their average.| 3.5 33 2.5 2.4 
Average percentage 
mean variation of 
three rounds of tests 
from their average.| 2.9 3.1 3.4 | 41 


The percentage mean variations i 
strength of two concrete specimens from 
their average and between rounds of the 
concrete tests are given in Tables VI 
and IX. 

Laboratory No. 15 made parallel fer 
ural strength tests of mortar prism, 


Gra 


Gra 
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TABLE VI.—PERCENTAGE MEAN VARIATIONS 
IN STRENGTH OF TWO CONCRETE SPECI- 
MENS FROM THEIR AVERAGE. 


Each value is the average percentage mean variation 
or three rounds of tests. 


Concrete Beams 
Modulus of 


R 
Laboratory upture 


7 28 


os! days | days 


Concrete 6-in. 
Modified Cubes 
Compressive 
Strength 


3 7 | 28 
days | days days 


Cement A 


OM 

AN 


Uwe 


co: 


Grand Avg. 


CEMENT B 


ao 


e 


b 


9 
5 
4 
0 
8 
9 
9 
4 
7 
9 


wwe Or 
NK 


RON 


(2.4 | 2.6 


Cm 
wim 


2.6 


Cement C 


aon 


RAR ONY avo 


| 
| 


Aan 
| 


2.8 | 3.0 | 3.8 


3.2 


TABLE ViI—Continued 


Concrete Beams 
Modulus of 
Rupture 


Laboratory 


Concrete 6-in. 
Modified Cubes 
Compression 
Strength 


CEMENT D 


LWW 


noe 


1 


CHRP 


OD 


Cuneo 


co 
NUNKK 


NOD AAW 


Grand 


Laboratory | Fine Aggregate 


natural sand 
(O—No. 4) 


natural sand 
natural sand 
(O—No. 4) 


natural sand 
(O—No. 4) 


1% in.) 
gravel (No. 4 to 14 in.) 
gravel (No. 4 to 1 in.) 
gravel® (No.4 to 1} in.) 
gravel (No. 4 to 14 in. 
gravel (No 4to14in. 
gravel (No. 4 to 14in. 
— stone (No. 4 to 


e Only one specimen tested on each round. 
> Tested three specimens on each round. 
TABLE VIA.—AGGREGATES USED IN THE 
CONCRETE TESTS. 
i Coarse Aggregate 
crushed stone (No. 4 


anna (No. 4 to 1 in.) 

crushed stone 

gravel” (No.4to1 in. 

4to 1% i in. 

crushed trap rock (No. 
4 to 1% in.) 


crushed stone (No. 4 to 
in.) 


a 45 per cent crashed material. 


Contains crushed material. 


2.6% 
= 
No. 4.... 
No. 11..... 
Ne, 12..... 
Ne, 14..... 
No. 15..... a 2.7 
No. 13 .. 
| 3.0 | 3.1 | 2.8 | 2.6 | 2.8 No. 14. . 
2.7 
of Ne. 1...... 
No.4...... 
7...... 
No. 8...... 
No. 10..... 
No. 12... 
a 2.31/14 ' 
40 2.5 {2.3 2.1 No. 4... 
Grand Avg. | | No. 6.. 
Avg... = 2.3 No 
io 8.. 
2 
No. 2... 5 No. 11. 
No.3... 4 No. 12. 
No.4... 3 No. 13. 
— No.6... 4 No 14 
‘0.8... 
No.9... 1 
No. 10... 2 
wo 12... 2 
th No. 13... ‘ q 
= 
Avg... 
ms, Grand Avg......| 3.4 | = 


using the testing device designed by the 
Portland Cement Assn. and a testing 
device of their own design. ‘The results 
obtained with the two devices were in 
close agreement. ‘The results given for 
this laboratory in Table II were obtained 
with the device of their own design. 
This laboratory found it convenient to 
use a rate of loading such that the rate 
of increase in extreme fiber stress was 
approximately 1100 psi. per min. Since 
this was very much higher than the speci- 
fied 150 psi. per min., this laboratory 
made a few comparative tests in which 
duplicate specimens were made from the 
same batch of mortar and one was tested 
at a rate of 150 psi. per min., and the 
other was tested at a rate of 1160 psi. per 
min. ‘The results of these tests are as 
follows: 


Average | 
Rate of 2 Strength Ratio 
Loading, psi. Age, oe (150 psi. per min. 
per min. ° 9 * | loading = 100) 
1 535 
ee 1 560 104.7 
3 673 
3 724 107.5 
7 
7 822 112.6 


It will be noted that slightly higher 
strength values were obtained with the 
faster rate of loading. 

The results for modulus of rupture of 
concrete beams and for compressive 
strength of concrete 6-in. modified cubes 
are given in Table III. Although the 
cement contents are quite uniform, there 
is a wide range in water-cement ratio and 
strength between laboratories for a given 
cement. Since each laboratory used its 
own aggregates in preparing the con- 
crete, this illustrates the effect of dif- 
ferent aggregates on the water-cement 
ratio and strength of concrete made with 
the same cement. 
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Laboratories Nos. 1 and 15 made 
parallel compressive strength tests on 6 
by 12-in. cylinders prepared from the 
same batches of concrete as _ were 
the concrete beams. The compressive 
strength of the 6 by 12-in. cylinders were. 
in all cases, lower than the compressive 
strength of the concrete 6-in. modified 
cubes, as shown below: 


Average Compressive Strength of 
Lahora- an tor 6 by 12-in. Cylinders 
tory Cement by Amount Shown, psi. 
1 day | 3 days | 7 days | 28 days 
89 331 
No. 1 Cc | 1012 937 
D 505 45 
| Avg. | | sos | 960 | 
A | 700 | 
40 170 270 
No. 15 700 | | 
D 350 | 580 2” 
| Avg. | 350 | 642 | 590 | 340 


One of the main purposes of these co- 
operative tests was to develop data from 
which could be determined the compara- 
tive relationship of the tensile, compres- 
sive, and flexural strength of standard 
mortar to the flexural and compressive 
strength of concrete. Correlation coefi- 
cients were selected as the statistical 
criterion of this comparative relationship 
and they were calculated and adjusted 
as described by Mordecai Ezekiel.’ 

In calculating the correlation 0- 
efficients, the all-laboratory average 
strength of concrete at all ages was Cot- 
sidered the dependent variable and 
the tensile, compressive, and_flexur 
strength of mortar were the independea! 
variables. With this procedure, only tle 
results for the four test cements could le 
used which made it necessary to exclute 
the results on additional cements sub 
mitted by the laboratories. 


“Methods of Correlation Analysis,” Second Edit 
John Wiley & Sons, Inc., New York, N. Y. (1947). 
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COMPARATIVE STRENGTHS OF MorTAR AND CONCRETE 
TABLE IX.—PERCENTAGE MEAN VARIATIONS 


IN STRENGTH OF THREE ROUNDS OF 
TESTS FROM THEIR AVERAGE. 


Concrete Beams 


S w: 


we Soar 


OF ON 


SEW 
= 


Bl Ow 
moO 


to 
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Modulus of 
Rupture 
3 | 7 28 3 
days | days | days | days | d 
Cement A 
3.3 | 4.1 1. 
2.6 
1.5 3.8 0. 
0.7 1.1 0. 
2.2 2.6 2 
1.4 
4.4 6.8 | 3. 
3.7 4.8) 3 
6.7 Sai 
1.3 8. 
3.4 1.6 0. 
3.7 4 
6.1 1.6 1 
3.6| 3.0| 2 
3.0 
CEMENT B 
1.9 3.6 
1.01 3.7 2. 
5.2 3.4 
1.3 2.1 0 
3.9 2.1 1 
3.0 5.0 Se 
6.4 1 
1.9 0.5 
4.4 
0.6 
3.1 1.8 3 
2.0 $.2 5 
1.5; 4.3) 0 
6.3| 9.4| 5. 
4.5 3.3 | % 
3.4 
Cement C 
24 1.0 
4.9 2.5 2.8 
3.3 6.4 | 10.1 
1.4) 2.1) 1.3 | 
3.8 1.1 4.1 | 
3.2 4.4 5.3 
0.8 3.5 5.8 
3.$ 3.9 5.9 
7.0 4.8 0.8 
2.4 3.1 1.6 
4.0 5.0 4.6 
5.2 4.4 1.9 
4.6 0.7 4.2 
7.3| $.1| 5.8 
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TABLE [X—Continued 


Concrete Beams 


6-in. Modified 


“oy 


Modulus of Cubes Compres- _ 
Laboratory Rupture sive Strength i. 
1 3 28 1 3 28 
day | days | days | day | days days 
Cement D 
2.7 0.2 5.9 6.9 
2.6 1.8 0.5 
1.6 1.0 1.8 
1.5 1.2 4.2 5.1 1.9 
2.6 | 0.8 5.5 
0.5 1.4 2.6 3.8 2.4 
4.6 2.4 Yo 2.0 0.2 
1.4 3.3 5.6 0.1 4.3 
7.31 4.§ 4.1 3.2 
1.8 2.0 2.2 1.5 3.7 
4.8 4.5 1.2 2.7 3.5 
9.7 6.3 ats 9.6| 5.4 
1.0 2.9 1.3 4.5 1.8 
1.8| 1.4] 5.7] 1.0] 1.3 
3.1| 2.6] 3.9| 3.4| 2.5 
3.3 


Grand Avg 


be 


TABLE X.—CALIBRATION OF 10-IN. FLOW TABLE 


WITH MIXTURE 
CEMENT REFERENCE LABORATORY. 


Laboratory 


@ 25 drops in 15 sec. as specified in Method C 109, 
25 drops in 30 sec. 


FUR 


NISHED BY THE 


Flow, per cent 


At Start of At Finish of 
Tests Tests 

97.8 96.9 
103.2 103.3 
108.0 108.0 
111.1 111.0 
108.4 107.5 
107.0 107.0 
108.4 
113.0 114.5 
104.2 106.6 
104.0 
106.0 one 
108.4 106.8 
108.8 105.3 
101.0 


102.0 


> 
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The correlation coefficients are as 
follows: 


CorRELATION CoerFICIENT BETWEEN MopuLus or 
Rupture or ConcRETE Beams AND: 


Compressive 


Tensile | Modulus of 
ASTM. C 190 | Rupture Mortar 
riquets Cuhes Prisms 

0.919 | 0.949 


CORRELATION COEFFICIENT BETWEEN COMPRESSIVE 
STRENGTH OF CONCRETE 6-IN. MopirieD CuBES 


AND: 
Tensile | Modulus of 
A.S.T.M. C 190 AS TMC 109 Rupture Mortar 
Briquets Cubes Prisms 


0.903 0.938 0.886 


All of the correlation coefficients are 
positive and high, showing that the mor- 
tar and concrete tests are highly correla- 
tive. Those for the C 109 cubes are only 
slightly the highest, indicating slightly 
closer relationship to the modulus of 
rupture and compressive strength of con- 
crete. The correlation coefficients for 
the modulus of rupture of the mortar 
prisms are the lowest of the three mortar 
tests, but they are still high enough to be 
considered satisfactory. 
A measure of the efficiency of a mortar 
test is its power to discriminate between 
two cements having different strengths of 
concrete. Stated in another way, this 
-means whether the mortar tests reveal 
the same relationship between the 
strength of two cements as does the con- 
crete strengths. 

A study was made of the data in Ta- 

_ bles I, II, and III to determine the dis- 
_ criminating power of the different tests 
as disclosed by the results for cements 
3 and C which have fairly wide differ- 
“ences in strength. The strengths for 
cement A at each test age were sub- 
tracted algebraically from companion 


0.903 


strengths of cement C for each individual] 
laboratory and the difference was ex- 
pressed as a percentage of cement A 
strength. The percentage differences 
were then averaged algebraically and are 
as follows: 


Difference In Strength 
{ Between Cements A and 
C Expressed as a 
Percentage of Cement 
A Strength 


3 days | 7 days day 


Mortar SreexoTa 


Tensile —8.7 —9.6 | +1.0 
Compressive Strength (C 108), —7.9 | -10.3| 
Modulus of —8.0 | —13.6 | —2.0 


ONCRETE STRENGTH 


—13.6| -65 
—12.1| 


—-8.9 
—8.4 


Modulus 
Compressive strength......... | 


The indicated discriminating power is 
about the same for the five different kinds 
of tests at the age of three days. At 
seven days the percentage differences for 
the tensile strength and C 109 compres- 
sive strength tests are nearly equal and 
slightly below the values which the con- 
crete tests show to be the difference be- 
tween the two cements. At 28 days, the 
tensile strength test shows a plus value 
which means that higher strength was 
obtained for cement C than for cement A, 
but the concrete tests and other mortar 
tests show higher strength for cement A. 

Since the foregoing determination of 
discriminating power of the different 
tests is for only two cements, the results 
cannot be considered as typical. How- 
ever, it is of interest to note that for 
cements A and C the tensile strength 
test at the age of 28 days gives a fal 
relationship between the two cements 4 
compared to that given by the concrete 
tests. 

Setting time, autoclave expansion, spe 
cific surface, and mortar air content 0 
the cements are given in Table XI. 


Ne, 
No 


of 
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TABLE XI. PHYSICAL TESTS. 
S.T.M. Methods. 


Nor- | Time , Specific} .. 
mal Gillmore Auto- | ‘Sur- | Air 
Labora- ~Con- | clave | face | Con- 
| | | | | Css 
ency itial Final | ner) 
CemMEeNT A 
No.1... 23.6 4:40 6:30 0.140 | 1755 | 8.3 
No.2 "| 24.0 | 4:30 | 6:30 | 0.097 | 1760 
No, 3 23.2 | 4:00 | 7:10 0.160 | 1790 7.2 
No.4 23.0 | 2:45 | 5:15 | 0.252 | 1795 
No. 5 23.5 | 4:00 | 7:35 | 0.170 | 1755! 6.1 
No. 6 23.8 | 3:20 | 5:10 | 0.140 | 1782 
No.7 23.6 | 3:45 | 5:45) 0.160 
No. 8 22.8 | 2:35 | 4:25 | 0.160 | 1750 | 7.0 
No.9 
No. 10 23.0 | 3:00 | 6:00 | 0.196 | 1730 
No, 11 23.2 | 3:40 | 5:10 | 0.157 | 1956 | 10.5 
No. 12 23.0 | 2:55 | 4:45 | 0.147 | 1758 
No. 13 23.4 | 3:14 | 4:36 | 0.110 | 1780 | 10.3 
No. 14 23.6 3:50 | 6:00 | 0.070 1840 7.0 
No. 15 23.5 4:00 | 5:45 | 0.120 | 1650 | 7.8 
Avg...., 23.4 | 3:38 | $:45 | 0.149 | 1777 | 8.0 
No.1 23.6 | 4:55 | 6:55 | 0.200 | 1700 18.6 
No.2 23.0 | 4:00 | 6:35 | 0.211 1720 | 20.5 
No 3 23.2 | 3:50 | 7:20) 0.250 | 1780 | 19.9 
No.4 23.3 | 3:15 | 5:45 | 0.226 | 1730 20.0 
No. 5 23.0 | 4:50 | 6:20 0.270 1745 19.3 
No. 6 24.0 | 4:05 | 5:40 | 0.230 | 1725 | 16.7 
No.7.....] 23.6 | 3:30 | 5:45 | 0.250 17.2 
No.8 | 23.4 | 3:40 | 7:00 | 0.210 | 1980 | 20.2 
No.9 
No.10....| 23.0 | 3:30 | 6:45 | 0.314 | 1691 | .. 
No.1...) 23.0 | 4:25 | 6:35 | 0.272 | 1837 | 18.2 
No.12...., 23.5 | 2:30 | 4:55 | 0.192 | 1840 | 18.5 
No. 13 | 23.8 | 2:55 | 4:50 | 0.150 | 1740 | 17.8 
ae 24.0 | 4:00 | 9:00 | 0.148 | 1760 | 18.6 
No.15....| 24.0 | 4:25 | 6:00 | 0.190 | 1570 | 20.5 
| | 
Avg. 23.5 | 3:51 | 6:23 | 0.222 | 1755 | 18.9 
CEMENT C 
— 
Not....| 25.0 | 4:30 | | 6:50 | 0.01 | 1870! 5.5 
No.2....| 27.0 | 4:30 | 6:30 | 0.040 | 1980|.... 
No.3... 25.6 | 3:40 7:00 | 0.050 | 2020) 6.5 
No.4...) 27.5 | 4:30 6:35 | 0.044 | 1985 
No.5... 25.0 | 4:40 | 5:55 | 0.040 2035 «5.7 
No.6...) 25.5 | 3:45 | 5:05 | 0.040 | 2015 
No7...., 25.2 3:00 5:30} 0.020 
24.2 | 3:40 | 4:45 | 0.050 1760 | 4.6 
No. 24.0 | 3:30 | 6:30 | 0.052 | 1872! . 
No.1 ....| 25.8 | 4:25 | 6:20 | 0.065 | 2177| 8.4 
25.0 3:00 | 5:10 | 0.037 | 1850 
No.4...) 27.0 | 4:09 | 5:24 0.110 | 1930 | 10.0 
25.2 | 3:40 | 6:50 | 9.052 | 1950 | 5.8 
No. 15....] 245 4:00, 0:25 5 | 0. 0.040 1870 | 7.4 
Avg....| 25.5 | 3:52 | 6:03 | 0.049 | 1947 | 6.7 
Cement D 
26.6 | 4:45 | 6:05 |—0.055 | 2745 | 9.1 
Rede. 26.5 4:10 6:00 —0.063 | 2620 
26.4 | 3:15 | 6:45 |—0.040 | 2710 | 11.0 
Nod...) 27.0 3:00 4:15 0.053 | 2805 
26.0 3:30 5:10 0.050 | 2605 11.6 
26.0 3:00 4:25 |—0.050 2655 
25.4 3:00 5:00 —0.060 
25.0 2:45 4:15 0.050 | 2740 | 11.7 
| 3:15 $:45 0.056 | 2705 
25.6 3:15 | 5:45 —0.044 | 2661 10.8 
No ig 25-5 | 2:25 | 3:55 —0.060 | 2682 
Xo. 27.2 3:04 5:06 +0.140 2600 | 12.0 
21.2 3:30 8:00 —0.038 | 2770, 10.5 
26.0 3:30 5:00 —0.050 | 2440 | 11.1 
Avg...) 26.1 | 3:19 | 5:23 \-0.051 | 2672 | 11.0 


* Omitted from average. 


CONCLUSIONS 


The following conclusions appear to be 
warranted from a study of the results of 
this cooperative investigation: 

1. The test results for flexural strength 
of mortar prisms used in this investiga- 
tion, and with which the majority of the 
laboratories did not have previous ex- 
perience, showed the following: 

(a) Reproducibility within a labora- 
tory, based on percentage mean varia- 
tion in strength of three specimens from 
their average and between test rounds 
was about equal to the tensile strength — 
and C 109 compressive strength. 


(b) Reproducibility between 
tories was slightly poorer than for tensile 
strength and C 109 compressive strength. 
(c) There was not a consistent quan- _ 
titative relationship between modulus of 
rupture of mortar prisms and of concrete 
beams. The former was the lower for 


cement A, B, and C but was slightly the 
higher for cement D. The differences 
were not large and were greatest at the 
age of three days. 

2. The compressive strength of 2- = 
modified cubes from portions of the onl 
tar prisms broken in flexure showed the 
following: 

(a) Reproducibility within a labora- 
tory based on percentage mean variation 
in strength of three specimens from their 
average and between test rounds was 
about the same as for tensile strength and 
C 109 compressive strength. 

(6) Reproducibility between labora- 
tories was about the same as that of 
C 109 compressive strength. 

(c) Compressive strength was about 
the same as the C109 compressive 
strength, except it was generally lower 
than C 109 at 28 days. 

3. The comparative relationship of the 
C 190 tensile strength, C 109 compressive 
strength and modulus of rupture of mor- 
tar to the modulus of rupture and com- 
pressive strength of concrete as shown 
by correlation coefficients is as follows: 
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(a) All three mortar tests have high Acknowledgments: 
and positive correlation coefficients The Working Committee on Strength 
which indicate close relationship with extends thanks and appreciation to the 
modulus of rupture and compressive |aboratories that participated in this 
strength of concrete. cooperative investigation and to the 
(6) There is only a narrow spread be- cement companies that furnished the 
tween the correlation coefficients. The four test cements. 
C 109 compressive strength has the high- 
est correlation coefficient and the modu- Respectfully submitted on behalf of 
lus of rupture of mortar prisms the lowest the Working Committee: 
correlation coefficient. G. L. Linpsay, 
4. Although it is outside the scope of Chairman, 
this report, it is of interest to note the 
excellent reproducibility of the concrete 
tests within laboratories as shown by 
percentage mean variation in strength of 
two specimens from their average and 
between rounds of tests. 
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EPORT OF THE STUDY SPONSORED BY THE WORKING COMMITTEE. 
ON SO; CONTENT 


The effects of gypsum on the prop- 
sties of portland cement have been 
liscussed by William Lerch in a paper on 
“The Influence of Gypsum on the Hydra- 
‘ion and Properties of Portland Cement 
Pastes,” which was presented before the 
Society at the 1946 Annual Meeting.! 
The studies described in that paper indi- 
cated that, with an optimum amount of 
gypsum, portland cement will exhibit 
greatest strength, least shrinkage upon 
drying, and least expansion upon wet- 
ting. 

The optimum amount of SO; for dif- 
ferent cements varies, being higher for 
cements of high alkali content and for 
cements containing large amounts of 
calculated tricalcium aluminate. High 
fineness was also shown to increase the 
optimum amount of SO; for cements of 
high, or moderately high, tricalcium 
aluminate content. As a result of those 
data, both Federal and A.S.T.M. speci- 
ications for portland cement were 
amended to permit a 0.5 per cent greater 
maximum limit on SO; when the cement 
contained more than 8 per cent calcu- 
lated tricalcium aluminate. 

During his preliminary discussion, 
Mr. Lerch further suggested a perform- 
ance test on finished cement that would 
show whether the cement contains the 
optimum amount of gypsum. Such a 
performance test would have a dis- 
tinct advantage over arbitrary chemical 
limits in specifications. Committee C-1 
liter formed a new subcommittee, with 
the personnel as indicated below, to study 
further this subject. 


1282 ripeeyeine?, Am. Soc. Testing Mats., Vol. 46, p. 
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To proceed with its work, the subcom- 
mittee decided to check such a perform- 
ance test on several cements, each con- 
taining various quantities of gypsum , 
added in even increments. The opti-— 
mum quantity of gypsum was to be de- 
fined by the several criteria described by r 
Mr. Lerch: 

- 1. Early heat of hydration as shown 
by rate of heat evolution. 

2. Strength as registered in plastic 
mortar cubes. 

3. Expansion of plastic mortar bars © 
cured in water. 

4. Contraction of plastic mortar bars | 
subject to drying. 

It was further agreed to conduct these 
tests upon cements representative of 
types I, II, II], and IV. Type V was 
considered to be fairly well represented 
by type IV cement. Both high- and 
low-alkali cements were included in each 
type, making in all, eight cements for the 
program. Each of these was prepared 
with seven different amounts of natural 
gypsum to provide SO; content in 0.5 per 
cent increments from 1 to 4 per cent (ex- 
cept for type III cement which contained 
2 to 5 per cent). 

The cements were prepared by grinding 
clinker with low SO; content and also 
grinding a portion of the same clinker 
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with added gypsum to provide a high 
SO; content. These two cements were 
then blended to produce the various 
steps of SO; content. In some cases it 
“ne necessary to add gypsum to the ce- 


ment to obtain the correct amount of 
SO;. Two cements were ground in plant 
mills under normal production condi- 
tions. The remainder were ground in a 
laboratory ball mill. 

All cements were ground to approxi- 
mately 1900 specific surface except two 
(high early) which were prepared to a 
specific surface of about 2100 and 2600. 
: The cements were prepared and blended 

by two laboratories, and portions of each 
-_ cement were distributed to the other par- 
ticipants. 

The laboratories of the six subcom- 
mittee members cooperated on the study, 
although each member laboratory did 
not perform all of the tests. The rates of 
heat liberation were determined by two 
laboratories only, as they alone possessed 
conduction calorimeters as described in 
the above-mentioned paper by Mr. 
Lerch. Briefly, the apparatus consists 
of a brass cup which is filled with freshly 
mixed cement paste. This cup rests 
upon a pedestal and is covered with a 
vacuum flask. The pedestal conducts 


: the heat from the cup to a heat-dispers- 


ing water bath and, by means of resist- 
ance thermometers wound upon it, the 
rate of heat generation in the paste is 
measured and recorded. 

Five laboratories made strength deter- 
minations, and all six conducted expan- 
sion-contraction tests. Five or more 
laboratories made the usual physical 
properties tests, but the chemical analy- 
ses were determined by one laboratory 
only. One laboratory made flexural 
strength tests upon the plastic mortar 
bars (expansion specimens) cured in 
water after the 90-day volume change 
readings had been completed. Tensile 
strength tests (briquets) were made by 
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one laboratory on two of the cements. 
Measurements of air content in mortar 
(A.S.T.M. Method C 185 — 47 T)? were 
made by one laboratory on one SOQ; con. 
tent for each cement. 

Extraction or leach tests, as proposed 
by Mr. Lerch, were made by all six labo. 
ratories. The leach tests have the advan- 
tage over certain of the other tests in that 
they can be performed within 3 days and 


do not require elaborate equipment. 

Five of the laboratories agreed to con- 
duct freezing-and-thawing experiments 
after preliminary work had indicated the 
optimum SO; content for each cement. 
It was felt desirable to include SO; con- 
tents on each side of the optimum for the 
durability studies. 

One of the laboratories determined 
sugar solubilities in the Merriman sugar 
solubility tests. One laboratory con- 
ducted a leaching test on a neat cement 
slab similar to the slab used in the Merr- 
man sulfate test. 

The subcommittee has rendered 2 
lengthy progress report wherein are pre- 
sented the details of the results thus far 
obtained in the various tests, together 
with a discussion of the apparent relative 
merits of the different criteria as applied 
to those results. The results of the fol- 
lowing tests were reported: 


Chemical analyses of the cements; calculated 
compound composition. 

Extraction tests of neat and mortar specimens. 

Merriman sugar solubilities. 

Rate of heat liberation. 

Expansion of mortar bars in water, up to % 
days. 

Contraction of mortar bars in air, up to 90 days. 

Leaching tests on slabs in the Merriman sulfate 
test. 

Compressive strength of mortars up to 9 days. 


It is evident from these data that, 
advantage is to be taken of the improve 


ment which optimum gypsum will afford, 
specifications must permit higher $0; 


21947 Supplement to Book of A.S.T.M. Standards, 
Part II. 
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limits than presently allowed. Although 
recent changes permit the use of more 
gypsum with high C;A cement, these 
amendments have not been liberal 
enough to allow the manufacturer full 
opportunity to use gypsum in the quan- 
tity that his particular clinker may re- 
quire. Increases of 1 to 2 per cent in 
present limits are indicated. There is 
ample evidence in these tests that 
cements of greater volume constancy can 
be obtained by using an optimum 
amount of gypsum. Unless the optimum 
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amount is greatly exceeded, there ap- 
pears to be little danger of excessive 
expansion, which is apparently the only 
reason for maximum limits on SO3. 

The investigation is still in progress, 
with particular attention being devoted 
to the study of durability. 


Respectfully submitted on behalf of 
the Working Committee, 
H. S. MEISSNER, 
Chairman. 
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dq REPORT OF COMMITTEE C-7 


Committee C-7 on Lime held two 
meetings during the past year: the first 
in Detroit, Mich., on June 23, 1948, dur- 
ing the Annual Meeting of the Society, 
the second in St. Louis, Mo., on October 
26, 1948. ‘The committee now consists 
of 47 members, of whom 23 are classified 
as producers, 7 as consumers and 17 as 
general interest members. 

It was voted by letter ballot to amend 
the by-laws on date of polling letter 
ballots by adding a new section under 
Article 8 which requires that all ballots 
_ will carry a date of polling not less than 
four weeks nor more than six weeks from 
date of initial mailing. 


ADOPTION OF TENTATIVES AS STANDARD 


The committee recommends that the 
following tenatives be approved for ref- 
erence to letter ballot of the Society for 
adoption as standard, without revision: 


Tentative S pecifications for: 
Normal Finishing Hydrated Lime (C 6-46 T), 
_ Special Finishing Hydrated Lime (C 206 - 46 T), 
Hydrated Lime for Masonry Purposes (C 207 - 
46 T). 
Tentative Methods of: 
Physical Testing of Quicklime and Hydrated 
Lime (C 110-45 T). 
REAFFIRMATION OF STANDARDS 


The committee recommends that the 
following standards which have stood 
without revision for six years or more be 
reaffirmed and continued in their present 
status without change: 


_ * Presented at the Fifty-second Annual Meeting of the 
Society, June 27-July 1, 1949. 
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Standard Specifications for: 

Quicklime for Structural Purposes (C 5 - 26), 

Sand for Use in Plaster (C 35 - 39), 

Quicklime and Hydrated Lime for Cooking o 
Rags in Paper Manufacture (C 45 - 25), 

Quicklime for Sulfite Pulp Manufacture (C 46- 
27), 

Hydrated Lime for Varnish Manufacture (C 47- 
27), 

Quicklime and Hydrated Lime for Use in th 
Textile Industry (C 48 — 24), 

Quicklime and Hydrated Lime for Silica Brick 
Manufacture (C 49 — 42), 

Quicklime and Hydrated Lime for Water Treat 
ment (C 53-39), and 

Hydraulic Hydrated Lime for Structural Pur 
poses (C 141 — 42). 


Standard Methods of: 


Sampling, Inspection, Packing, and Marking o 
Quicklime and Lime Products (C 50-27). 


The recommendations in this report 
have been submitted to letter ballot o! 
the committee, the results of which wil 
be reported at the Annual Meeting.’ 


This report has been submitted to let 
ter ballot of the committee, which con- 
sists of 47 members; 43 members Ie 
turned their ballot, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf at 
the committee, 


WALTER C. VOSS, 
Chairman. 
Rosert S. BoyNTon, 
Secrelary. 
1 The letter ballot vote on these recommendations ¥# 


favorable; the results of the vote are on record at AST 
Headquarters, 
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Committee C-8 on Refractories has 
ld two meetings during the past year, 
he seventy-fourth in Conneaut Lake 
Park, Pa. on September 9, 1948, and the 
eventy-fifth in Chicago, Ill., on March 
land 2, 1949. 

The committee has lost two members 
by death, R. M. Bowman, Republic Steel 
Corp., a long-time member of the com- 
mittee, and Louis A. Smith of Jones & 
Laughlin Steel Corp. who had been a 
member of the committee only a few 
years, but had done good service as 
chairman of Subcommittee XII on 
Carbon Refractories. The American 
Foundrymen’s Society was dropped from 
membership. New members elected 
were: C. R. Austin, representing the 
Research Department, Koppers Co.; 
A. H. Couch of Libbey-Owens-Ford 
Glass Co., B. L. Dorsay, representing 
Jones & Laughlin Steel Corp., and C. A. 
Varall, representing the Department of 
let- § Public Works, New York City. The com- 
on- mittee now consists of 37 members, of 
r whom 17 are classified as producers, 12 
4s consumers, and 8 as general interest 
members. There are 14 consulting mem- 


bers, 
f ol 

Tentative REVISIONS OF STANDARDS 
Standard Methods of Chemical 
yn. Analysis of Refractory Materials 


( 
C 18- 45)!—The committee recom- 
mends the following tentative revision 
of this standard: 
ns 
TM * Presented at the Fifty- eeti 

Annual Meeting of the 


194 Book of A.S.T.M. Standards, Part II. 
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Section 16 (a).—In line 3, change © 
“3.0 g.” to “1.0 g”. This change de- 
creases from 3.0 g. to 1.0 g. the amount 
of NH,Cl to be added to 1.00 g. of 
sample for alkali determination. 

Section 31 (a).—Change the sixth and 
seventh sentences to read: “To volatilize 
boron, wash down the sides of the dish 
with 25 ml. of absolute methyl alcohol 
saturated with dry HCl gas. Evapo- 
rate, add methyl alcohol solution, and 7 
evaporate again.” 

Delete Note 2. These changes are on 


the border line of being editorial, but do 
state specifically that absolute methyl 
alcohol and dry HCl gas shall be used, 
as the present description does not. — 
Standard Specifications for Refractories 
for Heavy Duty Stationary Boiler Service — 
(C 64-48),? Refractories for Incinera-— 
tors (C 106 -48),? and Refractories for 
Moderate Duty Stationary Boiler Service — 
(C 153 —- 48).2~The committee recom- 
mends a tentative revision of each “a 
these three specifications by changing 
the modulus of rupture requirement on 
low-duty fireclay brick of type G from 
“800 psi.” to “600 psi.” The change 
will apply to Section 6 (g) of Speci- 
fications C 64, Section 5 (c) of Speci- 
fications C 106, and Section 5 (0) of 
Specifications C 153. In each of these 
three specifications the requirement ag 
originally set at 500 psi. In 1947, a 
tentative revision was adopted, chang- 
ing this to 800 psi. No criticism or 


21948 Supplement to Book of A.S.T.M. Standards, — 
Part II. 
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comment having been received during 
the year, the tentative revision was 
adopted as standard in 1948. Sub- 
sequent objections led Subcommittee 
VII on Specifications to reconsider the 
action and to recommend a lowering of 
the requirement to 600 psi. 


REVISION OF STANDARD, IMMEDIATE 
ADOPTION 


Standard Method for Basic Procedure in 
Panel Spalling Test for Refractory Brick 
(C 38-47).2—The committee recom- 
mends the following revision for im- 
mediate adoption and accordingly asks 
for a nine-tenths affirmative vote at the 
Annual Meeting in order that this 

recommendation may be referred to 
— letter ballot of the Society. 

Section 6.—Change the third sentence 

to read as follows: “The spalling furnace 
shall be heated so as to reach 1830 F. 
in 20 to 25 min., 2190 F. in 50 to 55 

min., 2370 F. in 75 to 80 min., and 2550 

F. in 120 to 125 min.” ‘The rest of the 
paragraph is unaffected by the change 
of this one sentence, which gives a more 

precise specification regarding rate of 

heating than does the present description. 

ApoptioN OF ‘TENTATIVE REVISIONS 
AS STANDARD 


Standard Method of Testing Refractory 
Brick Under Load at High Temperatures 
(C 16-41).—The committee recom- 
mends adoption as standard of the ten- 
tative revisions? pertaining to Sections 
2 (b), 5 (a), 5 (d) and Table I. 

Standard Definitions of Terms Re- 
lating to Refractories -47).—The 
committee recommends adoption as 
standard of the tentative revisions? 
covering 10 new definitions and 1 re- 
vision of an existing definition. 

Standard Methods of Test for Cold 


21947 Supplement to Book of A.S.T.M. Standards, 
Part IT. 


Crushing Strength and Modulus of Rup. 
ture of Refractory Brick and Shapes 
(C 133 -39).—The committee recom. 
mends the adoption as standard of the 
tentative revisions? pertaining to Sec. 
tions 5 (d) and 9 (c) concerning tolerazice 
in the rate of application of load, with 
the addition of the following sentence to 
the end of each of these paragraphs: 
“A tolerance of plus or minus 10 per 
cent shall be permitted in the rate of 
application of load with either the me- 
chanical or hydraulic testing machine.” 

Standard Method of Panel Spalling 
Tesi for Fireclay Plastic Refractories 
(C 180 -47).—The committee recom. 
mends adoption as standard of the ten- 
tative revisions? pertaining to Sections 
3 (a), 3 (c), 3 (d), and 6 (f). 


CONTINUATION OF TENTATIVE 
WitrHout REVISION 


Tenlalive Specifications for Castable 
Refractories for Boiler Furnaces and 
Incinerators (C 213 - 47 T).—The com- 
mittee recommends continuation of this 
tentative without revision for another 
year. 


REAFFIRMATION OF STANDARDS 


The committee recommends te 
affirmation of the following _ three 
standards which have been published 
for over six years without revision and 
are to be continued as such as no Ie 
visions are recommended at this time: 


Standard Classification of: 
Fireclay Refractories (C 27 — 41). 


Standard Methods of Test for: 

Size and Bulk Density of Refractory Brick 
(C 134-41), and : 
Warpage of Refractory Brick and Tile (C 14- 

41). 


The recommendations in this repot 
have been submitted to letter ballot © 
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the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Industrial Survey 
(kK. P. Stevens, chairman).—Surveys 
of current practice in the use of re- 
fractories in the lead industry and the 
plate and window glass industry are 
in preparation. Authors are being 
sought for surveys or revisions on 
copper, malleable iron, coke, and blast 
furnaces. 

Subcommittee II on Research (R. E. 
Birch, chairman).—A _ revised list of 
research problems connected with tests 
of refractories is in preparation. 
Subcommittee III on Tests (S. M. 
Phelps, chairman).—This subcommittee 
has made the recommendations on 


which Committee C-8 based the actions 
on methods of test given earlier in this 


report. 
Section A on Load (L. J. Trostel, 


chairman) is doing experimental work 
on the load test at two laboratories, 
and has under consideration experi- 
mental work on fireclay stoppers. 

Section B on Spalling (R. S. Bradley, 
chairman) has begun a study of the 
modifications that may be advisable in 
specifying a spalling test for semi-silica 
brick as distinct from other types of 
firebrick. 

Section C on Temperature (J. L. 
Carruthers, chairman) has ready for 
distribution pyrometric test cones made 
of six standard samples prepared by 
the American Refractories Institute 
Fellowship at Mellon Institute, ranging 
from cone 20 to cone 38, together with 
material for making the cone plaque. 
laboratories which have pyrometric 
cone equivalent (P.C.E.) furnaces are 
now being asked to run a series of tests, 
preferably with at least two different 


tet on these recommendations was 
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types of P.C.E. furnace. It is hoped 
that the results, when assembled, will 
show primarily the amount of vari- 
ability that can be caused by different 7 
types of furnace, and secondarily, the 
range of difference between P.C.E. 
tests in different laboratories using the 
same type of furnace. 

Work done by H. F. Smalley at the 
School of Ceramics, Rutgers University, 
under an Orton Foundation Fellow- 
ship, has shown that reproducible results 
are obtainable with the Denver Fireclay 
Co. furnace provided an automatic 
flow controller is used; otherwise the 
cones have a tendency to be bent by 
high-speed gases and give erratic re- 
sults in this furnace. 

Section E on Chemical Analysis (H. 
A. Heiligman, chairman).—Work re- 
ported last year has led to revision in 
the methods of removing boron and 
determining alkalies. The Section was 
asked to investigate the possibility 
of obtaining a more representative 
sample of raw chrome ore of refractory 
grade than the sample now included in 
the Bureau of Standards series. ; 

Section F on Tests for Refractory 
Insulation (W. L. Stafford, chairman) 
has reviewed data accumulated through 
a period of several years concerning 
the advisability of adopting a panel 
shrinkage test in place of the present 
reheat shrinkage test for insulating 
firebrick. The conclusion is that the 
panel test gives no additional infor- 
mation on the probable service per- 
formance of insulating refractories and 
may possibly not give as much infor- 
mation as the present test. A panel 
test will, therefore, not be further 
considered. 

The Section was asked to keep in 
mind the possible usefulness of a test 
to show the effect of a reducing at- 
mosphere such as is used in annealing 
furnaces. 


if 
if 
ns 
nd 
m- 
his 
her 
ree 
hed 
and 
me: 
Brick 
port 
ot 0 


Ruscer OF Coanarrez C-8 


Section G on Porosity and Permanent 
Volume Change (S. M. Swain, chairman) 
has under consideration a change in the 
method of measuring brick in the 
Standard Method of Test for Reheat 
Change of Refractory Brick (C 113 - 46). 

Section H on Tests for Mortars and 
Plastic and Castable Refractories (G. 
B. Remmey, chairman) has been asked 

to remove and revise Sections 9 (8), 
(c), and (d) of Tentative Specifications 
for Castable Refractories for Boiler 
Furnaces and Incinerators (C 213 - 47 T) 
as a new separate tentative method. 

Section I on Carbon Monoxide Dis- 
integration (H. M. Kraner, chairman) 

_ has assembled the results of a question- 
naire on present practice together with 
a bibliography of the test and the 
physical chemistry connected therewith. 
A test method has been written and is 
now being revised. 

Subcommittee IV on Heat Transfer 
(C. L. Norton, Jr., chairman).—Ex- 


‘perimental work using the Standard 


Method of Test for Thermal Con- 
ductivity of Fireclay Refractories 
(C 202 -47) brought out the fact that 
at least one brand of firebrick not only 
showed the property of changing in 
thermal conductivity with time and 
reaching a stable condition in which it 
could be satisfactorily measured but 
also showed the unexpected property of 
changing back to its original ‘condition 
on cooling. Such behavior could cause 
“considerable confusion and misleading 
results in the measurement of thermal 
conductivity at high temperatures, if 
unrecognized at the time measurements 
were made. This was a porous high- 
alumina refractory. Several other types 
of brick made from sintered and from 
fused alumina were tested and showed 
normal behavior. 

Cooperation is requested with H. C. 
‘Dickinson, special investigator in the 
~ thermal conductivity section of the 


Bureau of Standards, in testing his 
special type of thermal conductivity 
apparatus, with which fairly rapid re. 
sults can be obtained and checked, 

Subcommittee VI on Nomenclature 
(W. S. Debenham, chairman) is co. 
operating with the Technical Committee 
on Refractories of the American Iron 
and Steel Institute, and with the 
Technical Advisory Committee of the 
American Refractories Institute, in as. 
sembling a larger glossary of terms 
concerning refractories than is now 
available. The committee has _ been 
requested to prepare definitions dif- 
ferentiating between refractory con- 
crete and castable refractories. 

Subcommittee VII on Sphecifications 
(J. D. Sullivan, chairman) is studying 
the Tentative Specifications for Ground 
Fire Clay as a Mortar for Laying-Up 
Fireclay Brick (C 105 — 47) to determine 
whether it should be broadened and 
whether uses other than as mortar for 
laying-up fireclay brick should be in- 
cluded in the one specification. This 
study will involve sieve analyses of 
various commercial clays. The com- 
mittee reopened the question of the re- 
quirement on modulus of rupture of 
fireclay brick of type G for boiler and 
incinerator service, referred to earlier 
in this report. 

Subcommittee IX on Classificaions 
(L. C. Hewitt, chairman) has been 
working on the question of a separation 
of semi-silica brick as a distinct class 
of fireclay brick and was asked to con- 
sider also its classification in association 
with silica brick. Possible classifications 
of sillimanite brick and mullite brick are 
also being considered. 

Subcommittee XI on Special Refroc- 
tories (H. Wilson, chairman). Grount- 
work is being done on definitions, speci 
fications, and test methods for a variety 
of types of special refractories before 


284 
In 
mal 
is b 
tific 
lar 
ati 
ee] 


tuning these matters over to the sub- 


ommittees most directly concerned. 

Subcommittee XII on Carbon Re- 
udories (E. B. Snyder, chairman) held 
s first meeting this year and defined 
s scope to include two classes of 
éractories: those which consist essenti- 
ly of carbon, and those which contain 
oth carbon (usually graphite) and ce- 
ramic ingredients. 

Subcommittee XIII on Foreign Tests 
ind Specifications (J. F. Kelly, chairman) 
as reviewed and advised upon proposed 
tests and specifications for refractories 
in the Union of South Africa. Similar 
material from Canada and Great Britain 
is being studied. ‘The Council of Scien- 
tific and Industrial Research at 
Jamshedpur, India, has asked for advice 
on testing of refractories. A list of 26 
national standardizing organizations has 
een assembled, and an attempt will 
e made to find which of these will 
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be interested in the standardization of 
tests and specifications on refractories. 
Subcommittee XIV on Semi-Silica 
Brick (G. B. Remmey, chairman).—This 
new subcommittee was authorized to 
look into the whole problem of semi-silica 
brick in order to lay the groundwork for 
further consideration of tests, specifica- 
tions, definitions, and classifications. 


This report was submitted to letter 
ballot of the committee consisting of 34 
voting members; 32 members returned 
their ballots, all of whom have voted 
affirmatively. 


Respectfully submitted on behalf of 
the committee, 
R. B. SOSMAN, 
Chairman. 
R.S. BRADLEY, 
Vice-Chairman. 
W. R. Kerr, © 
Secretary. 
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Committee C-9 on Concrete and Con- 
crete Aggregates has completed a year 
of considerable activity As a result, it 
offers for consideration five new tenta- 
tive methods and revisions in eleven 
standards and tentatives. It held three 
meetings during the year: one on June 24, 
1948, during the Annual Meeting of the 
Society in Detroit, Mich., another in St. 
Louis, Mo., on October 29, 1948, and one 
in Chicago, Ill., on March 2, 1949. 
Regulations Governing Committee C-9 
have been revised in several respects 
during the year. These revisions have 
dealt principally with defining active 
participation in the work of the com- 
mittee and with limitations on numbers 
of members. Up to the present the 
membership has been limited to 75. 


- Until about three years ago that meant 


75 individuals, whether personal mem- 
bers or representatives of corporate 
members. In 1946 the Regulations were 
revised to limit the membership to 75 
voting members and to provide that any 
number of individual members with the 
same employer collectively command 
only one vote. This was done in view 
of the evidence of increased interest in the 
work of the committee. Further evi- 
dence in that direction has led to the re- 
vision, just adopted, to raise the limit 
to 100 voting members. 

On February 25, 1949, the committee 
suffered the loss through death of an 


* Presented at the Fifty-second Annual Meeting of the 
Society,§June 27-July 1, 1949. 
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Honorary Member, Sanford E. Thomp- 
son. He had been a member since the 
committee was organized and served as 
its first chairman during the period 1914 
to 1922. 

The Sanford E. Thompson Award, 
given by the committce for a paper of 
outstanding merit on concrete and con. 
crete aggregates presented before the 
Society, was named in honor .of Mr. 
Thompson. His continued interest in 
the affairs of the committee was always 
demonstrated when Mr. Thompson pre- 
sented that award to its recipient. It 
was evident that Sanford E. Thompson 
had studied the paper selected and other 
articles on the subject. 

Sanford E. Thompson Award.—This 
year’s Sanford E. Thompson Award, the 
eighth, will be made to Mr. Richard C. 
Mielenz, head of the Petrographic Labo- 
ratory, and Leslie P. Witte, Material 
Engineer, both of the Bureau of Recli 
mation, Department of the Interior, for 
their paper on ‘“Tests Used by the Bureau 
of Reclamation for Identifying Reactive 
Concrete Aggregates,” published in the 
1948 Proceedings. 


Honorary Membership.—In accordantt | 


with provisions in the committee’s Reg 
ulations, Roy W. Crum and Harry ] 
Love were elected Honorary Membes 
of Committee C-9. Both men have 
participated actively in the affairs of the 
committee for over twenty years, Mr 


1 Proceedings, Am. Soc. Testing Mats., Vol. 48, P- oi) 
948). 
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‘rum since 1923 and Mr. Love since 
(917, and both have made outstanding 
ontributions to its work. Mr. Crum 
yrved as chairman of the committee 
juring the period 1932 to 1938 and held 
qumerous other offices. Mr. Love was 
chairman of the Finance Committee and 
vrved on the Executive Subcommittee 
for many years. 


NEW TENTATIVES 

The following five new methods of 
test, as appended hereto,’ are recom- 
mended for publication as tentative by 
the committee: 
Tentative Method of Test for: _ 
Bleeding of Concrete, 
Air Content of Freshly Mixed Concrete by the 

Pressure Method, 
Air-Entraining Admixtures for Concrete, 
Comparing Concretes on the Basis of the Bond 


Developed with Reinforcing Steel, and 
Soft Particles in Coarse Aggregates. 


The new Method of Test for Soft 
Particles in Coarse Aggregates is under 
the joint jurisdiction of Committee D-4 
on Road and Paving Materials and 
Committee C-9 and is subject to their 
approval. 


REVISION OF TENTATIVE 


Tentative Specifications for Waterproof 

Paper for Curing Concrete (C171 - 
42T)’—The committee recommends 
pal that these specifications be simplified by 
i deleting the detailed description of the 
th test method for strength of paper and 
making reference to an A.S.T.M. 
standard now on the books. The revi- 


er. sion recommended is as follows: 

ai Sections 5 to 10.—Delete these sections 
eS and insert the following as a new Section 
ave 5; 

the 5. Tensile Strength Test.—Tensile 
Mr Strength shall be determined in ac- 


a 

Sec These methods were accepted as tentative by the 
Pe beg appear in the 1949 Book of A.S.T.M. Stand- 


* 1946 Book of A.S.T.M. Standards, Part II. 
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cordance with the Standard Method of 
Test for Tensile Breaking Strength of 
Paper and Paper Products (A.S.T.M. 
Designation: D 828).® 


ADOPTION OF TENTATIVE AS_ 
STANDARD 


Tentative Method of Making and Curing 
Concrete Compression and Flexure Test 
Specimens in the Laboratory (C192 - 
47 T).4—The committee recommends 
that this method be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard with the following 
revisions: 
_ Section 9.—Before the last sentence, 
add the following: “Where voids are 
left by the tamping rod, the sides of the 
molds shall be tapped to close the 
voids.” 
Section 10.—Change to read as follows: 


10. (a) The ends of all compression test 
specimens that are not plane within 0.002 in. 
shall be capped. Capped surfaces shall not de- 
part from a plane by more than 0.002 in. and 
shall be approximately at right angles to the 
axis of the specimens. The planeness of the 
cap shall be checked by means of a straightedge 
and feeler gage making a minimum of three 
measurements on different diameters. Caps 
shall be made as thin as practicable and shall 
not flow or fracture when the specimen is tested. 

(b) The test specimens may be capped with 
a thin layer of stiff, neat portland cement paste 
after the concrete has ceased settling in the 
molds, generally from 2 to 4 hr. or more after 
molding. The cap shall be formed by means of 
a plate glass not less than } in. in thickness or a 
machined metal plate not less than 4 in. in 
thickness and having a minimum surface dimen- 
sion at least 1 in. larger than the diameter of the 
mold. It shall be worked on the cement paste 
until its lower surface rests on top of the mold. 
The cement for capping shall be mixed to a stiff 
paste 2 to 4 hr. before it is to be used in order to 
avoid the tendency of the cap to shrink. Ad- 
hesion of the paste to the capping plate may be 
avoided by coating the plate with a thin coat 
of oil or grease. 


8 1946 Book of AS.T.M Standards, Part III-B. 
41947 Supplement to Book of A.S.T.M. Standards, 
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(c) Specimens not capped with neat-cement 
paste as described in Paragraph (6) for fresh 
concrete shall be capped before testing. For 
specimens to be tested within 18 hr. after 
capping, suitable mixtures of sulfur and granular 
materials may be used regardless of the expected 
ultimate strength of the specimens. Sulfur 
caps should be allowed to harden for at least 2 
hr. before applying load. Specimens expected 
to have an ultimate strength below 5000 psi. 
may be capped with gypsum plaster having a 
compressive strength of 5000 psi. or greater 
when tested as 2-in. cubes and mixed to the same 
consistency used for capping. For specimens 
to be tested 18 hr. or more after capping, neat 
alumina cement* may also be used for capping. 
Neat portland cement caps may be used but 
they must be aged sufficiently so they will not 
flow or fracture under load (suggested time, three 
days or more). 


@ Lumnite Cement has been found satisfactory for this 
purpose. 


Section 12.—Change the first sentence 
to read as follows: “The cross-section of 
the flexure test specimens shall be not 
less than 6 by 6 in. for coarse aggregate 
2 in. and under in nominal size.” 


REVISION OF STANDARDS, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
_ mediate adoption revisions in eight of 
its standards, as set forth below, and 
accordingly asks for a nine-tenths affirm- 
ative vote at the Annual Meeting in 
order that these revisions may be re- 
ferred to letter ballot of the Society. 
Revisions in the first four standards 
listed below are similar in nature in that 
they call for changes in the requirements 
and procedure for capping concrete speci- 
mens. 

Standard Method of Making and Curing 
Concrele Compression and Flexure Test 
Specimens in the Field (C 31-44)? 

Section 6.—Revise to read as indicated 
above for Section 10 in Method C 192. 

Section 8.—Revise to read as indicated 
above for Section 12 in Tentative 
Method C 192. 

Standard Methods of Securing, Pre- 

paring and Testing Specimens from 


Hardened Concrete for Compressive ang 
Flexural Strengths (C 42 — 44)? 

Section 7 (c).—Change to read a; 
follows: 

(c) Capping.—Before making the compres. 
sion test, the ends of the specimen shall be 
capped in order to meet the requirements given 
in Section 10 (a) of the Standard Method of 
Making and Curing Concrete Compression and 
Flexure Test Specimens in the Laboratory 
(A.S.T.M. Designation: C 192) following the 
procedure outlined in Section 10 (c) of that 
method. 


Standard Method of Test for Flexural 
Strength of Concrete (Using Simple Beam 
With Third-Point Loading) (C 78-44)? 

Section 4.—Change the third sentence 
to read as follows: 

If full contact is not obtained between the 
specimen and the load-applying blocks and the 
supports, due to the surfaces of the specimens 
being out of plane, the surfaces of the specimen, 
where they are in contact with the blocks or 
supports, shall be capped to meet the require- 
ments given in Section 10 (a) of the Standard 
Method of Making and Curing Concrete Con- 
pression and Flexure Test Specimens in the 
Laboratory (A.S.T.M. Designation: C 192) fol- 
lowing the procedure outlined in Section 10 (¢) 
of that method. 

Standard Method of Test for Compres- 
sive Strength of Concrele Using Portions 
of Beams Broken in Flexure (C116- 
44)? 

Section 3 (a).—Change to read as 
follows: 

3. (a) The top and bottom of the beam shal 
be capped to meet the requirements given in 
Section 10 (a) of the Standard Method of Mak- 
ing and Curing Concrete Compression and 
Flexure Test Specimens in the Laboratory 
(A.S.T.M. Designation: C 192) following the 
procedure outlined in Section 10 (c) of that 
method. The caps shall cover the full width 
of the beam and shall be of such length as 
permit the adjustment of the bearing plates for 
the test so that the upper bearing plate may b 
placed directly over the lower bearing plate. 


Standard Specifications for Comcrte 
Aggregates (C 33 46).2—The following 
revisions in Table II are recommended 
to bring these specifications into co 
formity with those recommended by the 
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U. §. Department of Commerce in its 
Simplified Practice Recommendation 
R 163 - 48: 


Table IT.—Make the following correc- 
tion in this table: 


For the 1 in. to No. 4 size, change the re- 
quired percentage passing the 1-in. sieve from 
“9) to 100” to “95 to 100.” 

For the 2 in. to 1 in. size, change the required 
percentage passing the 2-in. sieve from “90 to 
100” to “95 to 100,” and add a requirement of 
“) to 5” percentage passing the 3 in.-sieve. 

For the 4 in. to No. 4 size, add a requirement 
of “40 to 70” percentage passing the j-in. sieve. 

For the 1} in. to ? in. size, add a requirement 
of “0 to 5” percentage passing the j-in. sieve. 

Add two new sizes, “33 to 1} in.” and “2} to 
1} in.” graded as given in the accompanying 
Table I: 


‘ The committee also recommends the 
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the last sentence to this paragraph: “No 
adjustment shall be made in the controls 
of the testing machine while a specimen 
is yielding rapidly immediately before 
failure.” 
Standard Method of Test for Amount of — 
Material Finer than No. 200 Sieve in — 
Aggregates (C 117 -48).2—This method 
is under the joint jurisdiction of Com- 
mittee D-4 and Committee C-9. Both 
committees recommend the adoption of. 
the following minor revision as a change 
from circular opening to square opening ~ 
seives to bring this method in line with 
A.S.T.M. specifications which define ag- 
gregate sizes: 
Section 3.—In the table under this — 
section, change the heading for size desig- 


TABLE I—GRADING REQUIREMENTS FOR CRUSHED STONE, GRAVEL, AND BLAST-FURNACE SLAG. 


Designated Size 


Percentages Passing Laboratory Sieves Having Square Openings 


4 4in, 


3% in. 


in. to 134 im... 100 


90 to 100 


3 in. 2% in. 2 in. 1} in. % in. 
25 to 60 0 to 15 0 to 5 
100 90 to 100 | 35 to 70 0 to 15 0 to 5 


following revisions in Standard Specifi- 
PS cations C 33 to bring about better agree- 
ns ment between these specifications and 
j- the “Standard Specifications for Fine 

Aggregate for Portland Cement Con- 
as crete” (M 6 - 42) of the American Asso- 
cation of State Highway Officials: 


Table I.—Change the recommended and 
maximum permissible limits on clay lumps from 


ak “1.0” and “1.5” to “0.5” and “1.0,” respectively. 
and Note to Table 1.—Add the following sentence: 
tory “Only one set of figures for percentage by weight 
the should be included in any single specification.” 


Section 4.—Add a new Note 1as follows 
and renumber the current notes accord- 


5 for ingly: 

y be Note 1.—The No. 8 and No. 30 sieves may be 
late. used in addition to those specified, if the engineer 
ord desires to further control the grading of the 

material, 

wing 

aded Standard Method of Test for Compres- 
con sive Strength of Molded Concrete Cylinders 


the (C 39 44) 
Section 4 (b).—Add the following as 


nation from “Nominal Diameter of 
Largest Particle, in.” to ‘Nominal 
Maximum Sieve Size.” Also, in the 
sizes designated change “} in.” to “No. 
4° 

Standard Method of Measuring Length 
of Drilled Concrete Cores (C 174-44)? 

Section 2 (d).—To permit measuring 
cores of various diameters with equal 
accuracy, change this section to read as 
follows: 


(d) The calipering apparatus shall be so 
designed that it will be possible to make a length 
measurement at the center of the upper end of 
the specimen and at eight additional points 
spaced at equal intervals along the circumference 
of a circle whose center point coincides with that 
of the end area of the specimen and whose radius 
is not less than one-half or more than three- 
fourths of the radius of the specimen. 


Section 5.—Since the present refine- 
ment of measurements is considered to 
be in excess of that required, it is recom- 


289 

4 

| 


mended that this section be changed to 
read as follows: 


5. The individual observations shall be re- 
corded to the nearest 0.05 in., and the average 
of the nine measurements expressed to the 
nearest 0.10 in. shall be reported as the Jength of 
the concrete core. 


TENTATIVE REVISION OF STANDARD 


Standard Method of Test for Abrasion 
of Coarse Aggregale by Use of the Los 
Angeles Machine (C 131-47).‘—This 
method is under the joint jurisdiction of 
Committees D-4 and C-9. The present — 
method provides only for testing coarse 
aggregates up to 1} in. in size. Because 
of the use of larger sizes, particularly in 
highway construction and for railroad 
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TABLE II.—GRADINGS OF TEST SAMPLES. 


committees recommend the withdrawal 
of the tentative revisions published jn 
1947 and the acceptance of the following 
changes as a tentative revision of this 
method: 

Section 3 (b).—Change to read as 


follows: 


(b) The abrasive charge, depending upon the 
grading of the test sample as described in Section 
4, shall be as follows: 


Grading Number of Weight of 

Spheres Charge, g. 
12 5000 + 25 
11 4584 + 25 
8 3330 + 20 
6 2500 + 15 
12 5000 + 25 
12 5000 + 25 
12 §000 + 25 


Sieve Size (Square Openings) 


Weight and Grading of Test Sample, g. 


Retained On 


Passing 


w 


* Tolerance of plus or minus 2 per cent permitted. 


_ ballast, the need for broadening the scope 
of test has been felt for some time and a 
tentative revision, providing for testing 
sizes up to 3 in., was recommended for 
publication in June, 1947. Cooperative 
_ laboratory investigations were carried 
- out with the view of making the same 
conditions apply to coarser sizes as now 
exists with the present four gradings, that 
_ is, make it feasible to fix the same specifi- 
cation limits for all sizes to indicate a 

given quality. These studies indicate 
that a modification of the tentative re- 
- vision submitted in 1947 will go much 
_ further toward the goal of providing ap- 
_ proximately the same percentage of loss 
. in the larger sizes as in the smaller sizes 
for the same quality of material. Both 


D E F G 


2500? 
25007 
5000% 


Section 4.—Change to read as follows: 


4. Test Sample.—The test sample shall con- 
sist of clean aggregate which has been dried in 
an oven at 105 to 110 C. (221 to 230 F.) to sub 
stantially constant weight and shall conform 
one of the gradings shown in Table I (Note). 
The grading or gradings used shall be those most 
nearly representing the aggregate furnished for 
the work. 

Note.—It is recognized that different spect? 
cation limits may be required for gradings EF, 
and G than for A, B, C, and D. It is urged that 
investigations be conducted to determine the 
relationship, if any, which exists between resul!s 
for these coarse gradings using the 10,00 ¢ 
samples and the finer ones using the 500 & 
samples. 


Table I.—Change to read as shown 
the accompanying Table II. 
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Section 5.—Delete the first sentence 
and insert the following: 


5. The test sample and the abrasive charge 
shall be placed in the Los Angeles abrasion test- 
ing machine and the machine rotated at a speed 
of from 30 to 33 rpm. For gradings A, B, C, 
and D the machine shall be rotated for 500 revo- 
utions; for gradings E, F, and G it shall be 
rotated for 1000 revolutions. 


WITHDRAWAL OF STANDARD 


Standard Specifications for Sodium Sili- 
cale for Curing Concrete (C 111 — 36)2— 
The committee recommends that this 
standard be withdrawn since the use of 
sodium silicate has proved unsatisfactory 
for the curing of concrete. 


REAFFIRMATION OF STANDARDS 


The committee recommends that the 
following ten standards which have stood 
without revision for six or more years be 
reaffirmed as standard: 


Standard Methods of Test for:? 

Unit Weight of Aggregate (C 29 — 42), 

Voids in Aggregate for Concrete (C 30- 37), 

Cement Content of Hardened Portland-Cement 
Concrete (C 85 — 42), 

Flow of Portland-Cement Concrete by Use of 
the Flow Table (C 124 — 39), 

Specific Gravity and Absorption of Coarse Ag- 
gregate (C 127 - 42), 

Specific Gravity and Absorption of Fine Ag- 
gregate (C 128 - 42), 

Clay Lumps in Aggregates (C 142 - 39), 

Slump Test for Consistency of Portland-Cement 
Concrete (C 143 - 39), and 


Volume Change of Cement Mortar and Con- 
crete (C 157 — 43). 


Standard Specifications for:? 
—— Aggregates for Concrete (C 130- 
). 


A number of these standards are 
currently being studied for possible re- 
vision in the near future. The Standard 
Method of Test for Cement Content for 
Hardened Portland-Cement Concrete 
(C85 - 42) jg being studied to determine 
the effect of reactive aggregates in com- 
bination with high-alkali cements on test 
results obtained, since there is a reason- 
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able possibility that silica, soluble under 
the test procedure outlined, may be re- 
leased in the reaction. 

Revisions of the Standard Method of 
Test for Volume Change of Mortar and 
Concrete (C 157 — 43) are also being con- 
sidered. A questionnaire has been dis- 
tributed to various laboratories to de- 
termine current practices in measuring 
volume changes. Results of the survey 
will be used as a guide for future revi- 
sions. 

Specifications for Lightweight Aggre- 
gates for Concrete (C 130 — 42) are being 
completely rewritten in the light of ex- 
perience and laboratory test results re- 
cently published by the National Bureau 
of Standards, Bureau of Reclamation 
and others. The problem of preparing 
specifications for these materials is 
difficult; it involves developing new test 
methods since many now on the books are 
not applicable to lightweight aggregates. 


CONTINUATION OF TENTATIVES 
WITHOUT REVISION 


The committee recommends that the 
following four tentatives, which have 
stood without revision for two or more 
years be retained as tentative: 

Tentative Method of Test for Soundness 
of Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate (C 88-46 T).2—A 
questionnaire has been prepared for dis- 
tribution to interested laboratories to 
develop information on details of the 
procedure followed in conducting this 
test, equipment used, etc. It is hoped 
that this survey may yield information 
helpful in further defining the procedure 
so that comparable test results may be 
obtained by various laboratories in tests 
of the same aggregates. 

Tentative Method of Test for Water Re- 
tention Efficiency of Methods for Curing 
Concrele (C 156-44 T).2—This method 
is currently being reviewed. The con- 
sensus of the subcommittee, having it in 
charge, is that the method is not satis- 
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factorily adaptable to testing curing com- 
pounds and, therefore, an independent 
method of test for performance of these 
materials will be prepared. 

Tentative Method of Test for Air Con- 
tent (Volumetric) of Freshly Mixed Con- 
crele (C 173-42 T).2—Revision or re- 
writing of this method will be undertaken 
in the near future. The new Tentative 
Method of Test for Air Content of 
Freshly Mixed Concrete by the Pressure 
Method, whose publication as tentative 
is referred to earlier in this report, has 
much greater application in the field and 
laboratory than does this method. 
However, a revised volumetric type of 
test for air content is needed for concrete 
made with porous aggregates, such as 
slag and lightweight materials, where the 
pressure method is not applicable in its 
present stage of development. 

Tentative Method of Test for Funda- 
mental Transverse Frequency of Concrete 
Specimens for Calculating Modulus of 
Elasticity (Sonic Method) (C215- 
47 T).’—Consideration is being given to 
suggestions for revisions to this method. 
However, action to be taken has not 
crystallized sufficiently to permit making 
any changes. 


OTHER RECOMMENDATIONS 


The committee has approved a defini- 
tion of the term mineral aggregate which 
has been recommended to Committee 
E-8 on Nomenclature and Definitions as 
a replacement for the Tentative Defini 
tion of the Term Aggregate (C 58- 
28 T).2_ The approved definition is as 
follows: 


Mineral Aggregate.—An aggregation of pieces 
of gravel, crushed stone, slag, sand, or certain 
other materials of mineral composition graded 
to size. 


The committee recommends that the 
following description of the term chert 
be published as information. It is ex- 
pected that descriptions of other rock 


types will be prepared in the future and 
that these will be recommended for pub- 
lication as tentative through the usual 
procedure of the Society. 


Chert.—Descriptively, chert is a fine-grained 
rock which is characterized by hardness 
(scratches glass, is not scratched by a knife 
blade), conchoidal fracture in dense varieties, 
the fracture becoming splintery in porous varie- 
ties, and a variety of colors. The dense varie- 
ties are very tough and are usually gray to black, 
or white to brown in color, less frequently green, 
red, or blue, and have a waxy to greasy luster. 
The porous varieties are usually lighter in color, 
most frequently being white or stained yellowish, 
brownish, or reddish, and have a chalky surface. 
Dense red and in some cases dense yellow, brown, 
or black chert is sometimes called “Jasper.” 
Dense black and in some cases dense gray chert 
is sometimes called “Flint.” 

Mineralogically, chert is composed of silica 
(SiOz) in the form of chalcedony (microcrystal- 
line fibrous quartz and interstitial or micro- 
fibrous opal), cryptocrystalline quartz, or opal, 
or combinations of any of these three. The de- 
termination of which form or forms of silica are 
present requires careful determination of optical 
properties, absolute specific gravity, or both. 

Geologically, chert occurs most frequently as 
nodules or bands in limestones and in sands and 
gravels derived from such rocks. 


The recommendations appearing in 
this report have been approved by letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.° 


This report has been submitted to 
letter ballot of the committee, which 
consists of 75 voting members plus 6 
honorary members having voting priv 
leges; 65 members returned their ballots, 
all of whom have voted affirmatively. 


Respectfully submitted on behalf of 


the committee, _ 


STANTON WALKER, 
Secretary. 


K. B. Woops. 
Chairmar. 


5 The letter ballot vote on these recommendations: was 
favorable; the results of the vote are on record atA.s.t™. 
Headquarters. 


De 
\, 
( 
J 
— 


rT oe 


Jil. 


REPORT OF COMMITTEE C-14 


ON 


GLASS AND GLASS PRODUCTS* 


Committee C-14 on Glass and G'ass 
Products held two meetings during the 
past year, at Bedford, Pa., October 8, 
1948, and at Cincinnati, Ohio, April 26, 
1949, 

Mr. A. H. Wadman resigned the chair- 
manship of Committee C-14 in Septem- 
ber, 1948, and Vice-Chairman E. Ward 
Tillotson took over this responsibility 
during the past year. 

Revisions of the Tentative Definitions 
of Terms Relating to Glass and Glass 
Products (C 162-48 T) to include the 
complete glass glossary of some four 
hundred terms, compiled by the Com- 
mittee on Classification, Nomenclature, 
and Glossary of the American Ceramic 
Society, have been approved by the 
committee and have been submitted to 


the Administrative Committee on Stand- 
ards,! 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature and 
Definitions (H. H. Holscher, chairman) 
reviewed the glossary compiled by the 
American Ceramic Society as noted 
above and submitted it to Committee 
C-14 for approval.! 

Subcommittee IT on Chemical Analysis 
E. F. Lundell, chairman).—D. C. 
smith is serving as acting chairman of 
Subcommittee If until such time as Mr. 
Lundell is able to resume his work. The 
committee reported no activity over the 
past year. It was suggested that studies 


«_. Presented at the Fifty-second Annual Meeting of the 
society, June 27-July 1, 1949. 


See Editorial Note, p. 294. 


be carried out on the triple acetate 
method for the determination of sodium 
and on Hick’s Method for the deter- 
mination of potassium, that a study be 
made on borosilicate glass analysis, and 
that spectrographic methods receive 
some attention. 


Subcommittee III on Chemical Prop- 
erlies (J. F. Greene, chairman).—Dur- 
ability methods worked on in this com- — 
mittee have been passed on to Subcom- 
mittees VII and VII-A and have received 
further attention in these committees. _ 

Subcommittee VI on Glass Construc- 
tion Block and Tile (A. H. Baker, chair- 
man).—Results of the letter ballot on 
the Proposed Tentative Methods of 
Sampling and Testing Structural Non- 
Load-Bearing Cellular Glass Blocks, pre- 
sented for Committee C-14 action by 
the subcommittee, were so light and 
because of detailed comments accom- 
panying the negative vote, the main 
committee asked the subcommittee to 
reconsider the proposed method. The 
subcommittee has since submitted a re- 
vised method to the main committee for 
letter ballot action. ae 
Subcommittee VII on Glass Containers 
(K. C. Lyon, chairman) developed the 
Tentative Method of Sampling of Glass 
Containers that has been submitted to 
the Administrative Committee on Stand- 
ards,! 

Revisions of the Tentative Methods of 
Hydrostatic Pressure Test on Glass Con- 
tainers (C 147-43), Polariscopic Ex- 
amination of Glass Containers (C 148 - 
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43), and Thermal Shock Test on Glass 
Containers (C 149-43), will be con- 
sidered in terms of the new Tentative 
Method of Sampling of Glass Containers. 
Subcommittee VII-A on Pharmaceuti- 
cal Containers (F. C. Flint, chairman).— 
The editorially revised Methods of Test 
for Resistance of Glass Containers to 
Chemical Attack, Tests B-A, P-W, and 
B-W were accepted by Committee C-14 
and were recommended to the Admin- 
istrative Committee on Standards.! 
Subcommittee VIII on Flat Glass (D. EF. 
Sharp, chairman) has been kept in- 
formed of the work of a “task group” of 
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functioning under the American Stand. 
ards Association on an abrasion test for 
plastics which might be suitable for flat 
glass. A report from this group should be 
available shortly. 


This report has been submitted to let- 
ter ballot of the committee which cop- 
sists of 52 members; 20 members re. 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


V. Tootey, 


the Sectional Committee on Safety Glass — 


Secretary. 


Subsequent to the Annual Meeting, Committee C-14 presented to the So- 
ciety through the Administrative Committee on Standards the following 
recommendations: 


New Tentative Method of: 


Sampling Glass Containers (C 224-49T), 

Test for Resistance of Glass Containers to Chemical Attack (Test B-A) (C 225-49 T), 

Test for Resistance of Glass Containers to Chemical Attack (Test B-W) (C 226-49 T), and 

Test for Resistance of Glass Containers to Chemical Attack (Test P-W) (C 227 - 49 T). 
Revision of Tentative Definitions of: 


Terms Relating to Glass and Glass Products (C 162 - 48 T). 


___ These recommendations were accepted by the Standards Committee on July 
27, 1949, and the new and revised tentatives appear in the 1949 Book of 
A.S.T.M. Standards, Part 3. 
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REPORT OF COMMITTEE CAS 


MANUFACTURED 


MASONRY UNITS* 


During the past year Committee C-15 
on Manufactured Masonry Units held 
two meetings; one on June 23, 1948, at 
Detroit, Mich., and one on March 4, 
1949, at Chicago, Ill. The officers for 
the present term are: - 

Chairman, J. W. Whittemore. 

First Vice-Chairman, T. I. Coe. 

Second Vice-Chairman, P. M. 
Woodworth. 

Secretary, J. A. Lee. 

The subcommittees of Committee C- 
15 have been quite active in the past year 
and have reviewed all tentatives and 
standards under their jurisdiction. The 
revisions recommended in this report 
have resulted from this review. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 
Subsequent to the 1948 Annual Meet- 
ing, Committee C-15 presented to the 
Society through the Administrative 


Committee on Standards the following 
recommendations: 


Revisions of Tentative S pecifications for: 


Vitrified Clay Filter Block for Trickling Filters 
(C 159-45 T), 


Structural Clay Facing Tile (C 212-467), and 

Facing Brick (Solid Masonry Unit Made from 
Clay or Shale) (C 216 - 47 T). 

Tentative Revision of Standard Methods of: 


Sampling and Testing Structural Clay Tile 
(C 112-36), and 


Sampling and Testing Brick (C 67 - 44). 


«.. Presented at the Fifty-secon 1 Annual Meeting of the 
society, June 27-July 1, 


specifications and 


Tentative Revision of Standard Specifications for: 


Building Brick (Made from Clay or Shale) 
(C 62 - 44). 


These recommendations were accepted 
by the Standards Committee on Novem- 
ber 16, 1948, and the revised tentative 
tentative revisions 
appear in the 1948 Supplement to Book 
of A.S.T.M. Standards, Part IT. 


TENTATIVE REVISIONS OF STANDARDS © 


The committee recommends revisions 
of the following seven standards for pub- 
lication as tentative revisions. 

Standard Specifications for Building 
Brick (Made from Clay or Shale) (C 62 - 
44):! 

Section 2.—Add the following as a new 
Paragraph (e), relettering the subsequent 
paragraphs accordingly: 


(e) Waiver of Durability Requirements.—lf 
brick are intended for use where no frost action 
occurs, or if frost action occurs where the average 
annual precipitation is less than 20 in., unless 
otherwise specified, the requirements specified in 
Paragraph (a) for water absorption (5-hr. boiling) 
and for saturation coefficient shall be waived 
and a minimum average strength requirement 
of 2500 psi. shall apply. 


Section 2 (e).—Reletter and change to 
read as follows: 


(f) Strength.—When brick are required having 
strengths greater than prescribed in Paragraphs 
(a) or (d), the purchaser shall specify the de- 
sired n inimum strength according to the classi- 
fication given in Table II. 


2 1946 Book of A.S.T.M. Standards, Part II. 
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TABLE II.—CLASSIFICATION BY COMPRESSIVE 
STRENGTH. 


Minimum Compressive Strength 
(brick flatwise), psi., gross area 


Average of 
5 Brick 


Designation 


Individual 


2209 
4000 
7000 


Standard Methods of Sampling and 
Tesling Brick (C 67 

New Sections.—Add the following new 
Sections 36 to 42, covering methods for 
measurement of size and warpage: 


MEASUREMENT OF SIZE 


36. Apparatus.—Either a 1-ft. steel rule, 
graduated in qy-in. divisions or a brick gage or 
caliper having a scale ranging from 1 to 12 in. 
graduated in #-in. divisions and having parallel 
jaws, shall be used for measuring the individual 
brick. ‘Ten brick shall be averaged to deter- 
mine the average measurement. 

37. Test Specimen.—Ten dry full-size brick 
shall be measured. These brick shall be repre- 
sentative of the shipment and shall include the 
extremes of color range and size as determined 
by visual inspection of the shipment. (The 
same samples may be used for determining 
efflorescence and other properties.) 

38. Individual Measurements of Length, 
Width, and Depth.—The \ength shall be meas- 
ured along both beds and along both faces from 
the mid-points of the edges bounding the ends. 
These four measurements shall be recorded to 
the nearest 32 in. and the average recorded to 
the nearest ¢y in. as the length. The width 
shall be measured in like manner across both 
beds and both ends from the mid-points of the 
_ edges bounding the faces. These four measure- 
ments shall be recorded to the nearest in. 

and the average recorded to the nearest ¢ in. 

as the width. The depth shall be measured 

across both faces and both ends from the mid- 
“point of the edges bounding the beds. These 

four measurements shall be recorded to the 
“nearest dz in. and the average recorded to the 
nearest ¢@y in. as the depth. Either the steel 
Tule or the brick gage described in Section 36 
‘may be used. Retests shall be made by the 


same method when required. 


39. Apparatus.—The apparatus shall consist 
_ of the following: 


MEASUREMENT OF WARPAGE 


(a) Steel straightedge. 


(b) Steel rule graduated from one end in 
32nds of an inch or alternately a steel measuring 
wedge. A steel wedge 2.5 in. in length by 0.5 
in. in width by 0.5 in. in thickness at one end 
and tapered, starting at a line 0.5 in. from one 
end, to zero thickness at the other end. The 
wedge shall be graduated in 32nds of an inch and 
numbered to show the thickness of the wedge 
between the base AB and the slope AC, Fig. |, 

(c) A flat surface of steel or glass not less 
than 12 by 12 in. in area and plane to 0.001 in. 

40. Sampling.—The sample of 10 brick se- 
lected for determination of size shall be used, 


Fic. 1.—Measuring Wedge. 


41. Preparation of Samples.—The specimens 
shall be tested as received except that any ad- 
hering dirt shall be removed by brushing. 

42. (a) Procedure.—Where the warpage is 
concave, the straightedge shall be placed 
lengthwise or diagonally along the surface to 
be measured, selecting the location which gives 
the greatest departure from straightness. The 
maximum warpage as shown by the greatest 
distance of the brick surface from the edge of 
the straightedge should be selected and meas 
ured either by the steel rule or wedge. This 
distance shall be measured to the nearest 7; in. 
and recorded as the concave warpage. . 

(b) When the warpage is convex, the brick 
shall be laid with the convex surface in contac! 
with a plane surface and with the corners ap- 
proximately equidistant from the plane. Meas 
urements shall be taken from the plane surface 
to the four corners of the brick. An average 
of the four measurements shall be the convel 


warpage of the brick. 
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Standard Specifications for Sewer Brick 
(Made from Clay or Shale) (C 32 - 42):! 

Table 1.—Change the individual mini- 
mum compressive strength for grade N A 
from “2000 psi.” to ‘2200 psi.” Change 
the maximum percentages of water ab- 
sorption by 5-hr. boiling from ‘20” to 
“2?” for the average and from “24” to 
“25” for the individual brick. 

Section 3 (a).—Change to read as fol- 
lows: 

(a) Size—The size of the brick shall be 
specified by the purchaser. The purchaser may 
specify one of the standard sizes of either build- 
ing brick or paving brick. 

Note.—The purchaser should ascertain the 


size or sizes of brick available within the trade 
area of the project. 


Standard Specifications for Structural 
Clay Load-Bearing Wall Tile (C 34- 
41): 

Section 6 (6).—Delete the first sentence 
and substitute the following: ‘Surfaces 
of tile for plaster-base finish shall be 
smooth, scored, combed, or roughened. 
When smooth, the tile shall be unglazed 
and the absorption shall be not less than 
5 per cent nor more than 25 per cent.” 

Table 1—Change to read as follows: 


TABLE I.—PHYSICAL REQUIREMENTS. 


| 
| Maximum 
Water Absorp- 
tion® by 1-hr. 


| Boiling, per 
Grade | 


Minimum Compressive 
Strength (Based on Gross 
Area),? psi. 


End Construc-'Side Construc- 
tion Tile tion Tile 


Aver- Aver- 
age of age of 

| = 
Tests 


500 
500 


Aver- | 
age of 
ive 


Indi- 
vidual 


Indi- 
vidual 


Indi- 


ive vidual 


Tests 


700 
700 


* The range in percentage absorption for tile delivered 
‘9 4ny one job shall be not more than 12. 

“ Gross area of a unit shall be determined by multi- 
Pying the horizontal face dimension of the unit as placed 
in the wall by its thickness. 


Standard Specifications for Structural 
Clay Non-Load-Bearing Tile (C 56 - 41):! 

Section 6 (b).—Change to read as 
‘ecommended above for Section 6 (6) of 
Standard Specifications C 34 - 41. 


Standard Specifications for Structural — 
Clay Floor Tile (C 57 - 39):! 

Section 6 (b).—Change to read as 
recommended above for Section 6 (0) of 
Standard Specifications C 34-41 with 
the addition of the following sentence to 
the end of this paragraph: ‘The surfaces 
of tile used in contact with concrete, 
where the thickness of the tile shell is 
used in the design section, shall be scored, 
combed, or roughened.” 

Standard Definitions of Terms Relating 
lo Structural Clay Tile (C 43 - 49): 

Plaster-Base Finish Tile-—Change the 
note under this definition to read: ‘“‘Plas- 
ter-base finish tile may be smooth, 
scored, combed, or roughened.” 

Footnote 3.—Change the first sentence 
to read: “Smooth finish tile may be used 
in the wall either with or without paint or 
it may be plastered.” 


ADOPTION OF TENTATIVE AS STANDARD 


The committee recommends that the 
Tentative Definitions of Terms Relating 
to Structural Clay Tile (C 43 -46 T)! 
be approved for reference to letter ballot 
of the Society for adoption as standard. 


ADOPTION OF TENTATIVE REVISIONS AS 
STANDARD 


The committee recommends that the 
tentative revisions’ of the following stand- 


ards be adopted as standard: 


Standard Specifications for: 

Building Brick (Made from Clay or Shale) 
(C 62-44), pertaining to “title,” Section 
2 (f), and the first sentence of Section 4. 

Structural Clay Load-Bearing Wall Tile (C 34- 
41), pertaining to Sections 6 and 7, 

Structural Clay Non-Load-Bearing Tile (C 56- 
41), pertaining to Sections 6 and 7, and 

Structural Clay Floor Tile (C 57-39), per- 


taining to Sections 6 and 7. _ 


The committee recommends that the 
Tentative Specifications for Structural 


EDITORIAL CHANGE 


21948 Supplement to Book of A.S.T.M, Standards, 
Part LI. 
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Clay Facing Tile (C 212-487) be edi- Standard Methods of: 
torially revised by inserting the word Sampling and Testing Concrete Masonry Units 


“Unit” between the words “Specified Di- (C 140 - 39). 
of the two The recommendations appearing in 
ae Soe a this report have been submitted to letter 
ConTEsUATION oF STANDARDS ballot of the committee, the results of 
. : which will be reported at the Annual 
The committee recommends that the Meeting.? 
following seven standards which have ; 
been published for six years or longer This report has been submitted to let- 
without revision are to be continued as_ ter ballot of the committee, which con- 
such as no revisions are recommended Sists_ of members; 37 members re- 
this time: ' turned their ballots, of whom 36 have 
voted affirmatively and 0 negatively. a 
Concrete Building Brick (C 55 - 37), ; Respectfully submitted on behalf of b 
Sand-Lime Building Brick (C 73 — 39), the committee, 1 
Hollow Load-Bearing Concrete Masonry Units " \ 
- 44), J. W. Wurtremore, 
Hollow Non-Load-Bearing Concrete Masonry Chairman. dl 
Units (C 129 - 39), J. A. Leg, 
Concrete Masonry Units for Construction of Secretary. al 
Catch Basins and Manholes (C 139-39), —~~~ 
Soli _Beari 2 The letter ball i 
Solid Load-Bearing Concrete Masonry Units the reaultsof the vote areon record at ASTM. 
(C 145 ~ 49). Headquarters. 


Subsequent to the Annual Meeting, Committee C-15 presented to the So 
ciety through the Administrative Committee on Standards the following 
recommendations: 


Revision of Tentative Specifications for: 
Structural Clay Facing Tile (C 212 - 48 T). 


Tentative Revision of Standard Specifications for: 


Structural Clay Non-Load-Bearing Tile (C 56 - 41), and 
Structural Clay Floor Tile (C 57 - 39). of 
These recommendations were accepted by the Standards Committee on . 
September 22, 1949, and the revised tentative and tentative revisions appear _ 
iu the 1949 Book of A.S.T.M. Standards, Part 3. : 
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REPORT OF COMMITTEE C-16 


THERMAL INSULATING MATERIALS* J 


Committee C-16 on Thermal In- 
sulating Materials at its meeting, March 
1, 1948, in Washington, D. C. considered 
a new set of by-laws changing the or- 
ganization of the committee, which 
by-laws were adopted at the October 
12, 1948, meeting in Atlantic City, 
XN. J., and the reorganization became 
effective immediately. 

The officers under the new organization 
are as follows: 

Chairman, Ray Thomas. 

First Vice-Chairman, B. A. Hollen- 
beck. (Thermal Group) 

Second Vice-Chairman, H. W. Grei- 
der. (Non-Thermal Group) 

Secretary, W. L. Scott. 

Assistant Secretary, C. C. Callis. 

Ass’t. Secretary for Membership, 
E. C. Shuman. 

The executive direction of the com- 
mittee is vested in an Executive Sub- 
committee which consists of all the 
oficers of the committee and one ad- 
ditional member at large. The Plan- 
ning Subcommittee is composed of the 
chairman, two vice-chairmen, secretary, 
all subcommittee chairmen, and repre- 
sentatives from other societies and 
AS.T.M. committees. ‘The function of 
this group is to study and recommend 
on all general problems of the committee 
and on specific problems of the working 
subcommittees. The subcommittees are 
divided into two groups, one known as 
the Non-Thermal and the other as the 
Therma] Group, each under the direc- 
tion of a vice-chairman. 


Pre 


at the Fifty- 


second Annual Meeting of the 
June 27 


1, 1949, 


ON 


Two meetings of Committee C-16_ 
have been held, one at Atlantic City, 
N. J., on October 11 and 12, 1948, and 
one at Chicago, Ill., on February 28 and 
March 1, 1949. Both of these meetings 
were conducted according to the above 
plan and the results so far forecast, 
through uniform and combined effort, the 
expediting of achievements. 

Two new subcommittees have been — 
added, one on Membership and one on 
Significance of Tests. 

The committee now consists of 56 
voting members and 18 nonvoting mem- 
bers; 26 are classified as producers, 19 as 
consumers, and 11 as general interest 


members. 
New TENTATIVE 


The committee recommends that the 
Tentative Method of Test for Thermal 
Conductance and Heat Transmittance 
of Built-Up Sections by the Guarded 
Hot Box Method be accepted for publi- 
cation as tentative as appended hereto. 


EDITORIAL CHANGES 


The committee recommends that an 
editorial change be made in the following 
specifications? 
» 


C 194 — 48 


C 196 - 48 
C 197 - 48 


by inserting the following in Section 1 
after the word “manufacturer” in the 


1 This method was accepted as tentative by the So- 
ne | ane appears in the 1949 Book of A.S.T.M. Standards, 


Par 
Supplement to Book of A.S.T.M. Standards, 
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parenthesis, “on printed instructions 
supplied with the package of material.” 

The committee also recommends that 
the Standard Methods of Sampling and 
Mixing ‘Thermal Insulating Cement 
(C 163 - 44)* be editorially revised by the 
addition of the same clause, referred to 
above, to the last sentence of Section 
5 (0). 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee S-I on Block and Pipe 
Insulation (H. FE. Lewis, chairman) has 
prepared test methods on water ab- 
sorption of blocks, density of blocks, 
and density of pipe insulation which will 
be submitted as soon as the Editorial 
Subcommittee has given its approval. 

Subcommittee S-II on Structural In- 
sulation Board (S. M. Van Kirk, chair- 
man) is considering revisions to test 
procedures of linear expansion and nail 
holding tests in the Standard Methods 
of Testing Structural Insulating 
Board Made from Vegetable Fibers 
(C 209-48). Consideration is also 
being given the proposed tests for 
evaluating insulation board as_ sub- 


mitted by the Forest Products 
Laboratory. 
Subcommittee S-III on Insulating 


Cement (J. E. Gaston, chairman) recom- 
mended the editorial changes of the 
five specifications and one method given 
earlier in this report. Consideration is 
being given to plasticity, adhesion, co- 
hesion, hardness, and compression re- 
sistance as they apply to insulating 
cements. 

Subcommittee S-IV on Blanket In- 
ulation (R. L. Davis, chairman) pre- 


31946 Book of A.S.T.M. Standards, Part IT. 

4 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at A.S.T.M. 
Headquarters. 


pared a definition of blanket or batt 
insulation for inclusion in the Standard 
Definitions of Terms Relating to Ther- 
mal Insulating Materials (C 168 - 48) 
which has been approved by the Editorial 
Subcommittee and submitted to Com. 


mittee C-16 for letter ballot. A revision 
of the Standard Methods of Test 
for Thickness and Density of Blanket 
Type Thermal Insulating Materials 
(C 167 - 44), is being circulated for 
letter ballot within the subcommittee, 
The subcommittee is considering fire 
resistance tests for organic materials. 

Subcommittee S-V on Loose Fill In- 
sulation (J. F. White, chairman) is work- 
ing on a method of determining the 
densities of loose fill insulation which has 
been accepted by the subcommittee, but 
requires several minor editorial re- 
visions. A method for the determination 
of the thermal conductivity of loose fill 
insulations has been turned over to 
Subcommittee T-VI for inclusion in the 
Standard Method of Test for Thermal 
Conductivity of Materials by Means of 
the Guarded Hot Plate (C 177-45). 

Subcommittee T-VI on Thermal Con- 
ductvity (E. R. Queer, chairman) prepared 
the proposed Tentative Method for 
Thermal Conductance and Heat Trans- 
mittance of Built-up Sections by the 
Guarded Hot Box Method, as ap 
pended to this report.! A revision of 
Standard Method C 177 has been 
drafted for determining the conductivity 
of loose fill insulations. This sub- 
committee is now drafting a tentative 
method of test for thermal K factor of 
pipe insulation. 

Subcommittee T-VII on Special The 
mal Properties (G. M. Rapp, chairmat) 
is working on specific heat determinations 
and methods of determining emissivity 
and also methods of tests to determin 
effects of temperature and means of 
determining surface coefficients for hea! 
loss curves. 

Subcommittee S-VIII on Dimensum 


il 
| 
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Standards (W. H. Zane, chairman) has_ titude of a task force group appointed _ 
continued the work on determination of by Committee E-1 on Methods of 
field clearance between pipe and in- Testing is ascertained. 

sulation. Consideration is being given 


to a special micrometer to measure the 
inside diameter of a half-round section 


This report has been submitted to 
letter ballot of the committee, which 
consists of 56 members; 51 members 
a . ous'Y returned their ballots, of whom 49 have 
measure the half depth. onl alebiadlind d 0 tivel 
Subcommittee T-IX on Vapor Barriers MuFmatively an 


| for Insulation (R. H. Heilman, chairman) Respectfully submitted on behalf of | 


had accepted two methods of test thecommittee, 

(wet and dry) for determining water Ray THOMAS, 
vapor permeability but is now holding W. L. Scort, Chairman, — 
in obeyance future work until the at- Secretary. i. 
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Committee C-17 on Asbestos-Cement 
Products was organized on June 11,1946, 
in Washington, D. C., with subsequent 
meetings being held during the Spring 
Group Meetings of A.S.T.M. committees 
in 1947, 1948, and 1949. The major en- 
deavor of the committee has been to 
draft specifications, including methods of 
test, covering asbestos cement roofing 
shingles, siding shingles, flat sheets, cor- 
rugated sheets, and pressure pipe. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Methods of Test, ini- 
tially under the chairmanship of D. T. 
‘Colton, and now of Clyde R. Hutch- 
croft, was assigned the development of 
test methods. After several meetings and 
much labor, these were completed and 
submitted for inclusion in the product 
specifications. 

Work on specifications for pressure 
pipe is in an advanced stage of progress 


in respect to the test method sections 
require 
A new subsection on significance of 


* Presented at the Fifty-second Annual Meeting of the 
Society, June 27-July 1, 1949. 
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recommendations: 


New Tentalive Specifications for: 


July 27, 1949. 


the Standards Committee: 


New Tentative Specifications for: 
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ASBESTOS-CEMENT 


EDITORIAL NOTE 


Asbestos-Cement Flat Sheets (C 220 - 49 T), and 
Asbestos-Cement Corrugated Sheets (C 221 - 49 T). 


Asbestos-Cement Roofing Shingles (C 222 - 49 T), and 


PRODUCTS* 


tests (J. H. Schiele, chairman), is pres- 
ently working in this field. 

Subcommittee II on Specifications 
(Miles V. Engelbach, chairman), was as- 
signed the task of compiling complete 
specifications embracing the material 
submitted by Subcommittee I. Tenta- 
tive specifications covering roofing shin- 
gles, siding shingles, flat sheets, and cor- 
rugated sheets, have been completed and 
were approved by Committee C-17. 
These will be submitted to the Adminis- 
trative Committee on Standards,! 

By-laws for the committee were sub- 
mitted at the March, 1949 meeting, and 
were given preliminary approval and a 
letter ballot was authorized. 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 32 voting members; 25 members 
returned their ballots, all of whom have 
voted affirmatively. 

Respectfully submitted on behalf of 
the committee, H. R. SNOKE, 


CHESTER C., Chairman. 


Secrelary. 


KELSEY, 


1 See Editorial Note at bottom of page. 


Subsequent to the Annual Meeting, Committee C-17 presented to the So- 
ciety through the Administrative Committee on Standards the following 


These recommendations were accepted by the Standards Committee on 


On September 22, 1949, the following recommendations were rua by 


Asbestos-Cement Siding Shingles and Clapboards (C 223 - 49 T). 


All of the new tentative specifications appear in the 1949 Book of 


A.S.T.M. Standards, Part 3. 
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It has long been known that light- 
weight panels of great strength and stiff- 
ness could be achieved by the use of high- 
strength facing materials bonded to low 
ensity core materials, but it has only 
een in fairly recent years that such con- 
struction has become commercially im- 
portant. The growing interest on the 
part of engineers, manufacturers, and 
uilders in the advantages of structural 
sandwich construction has led to an 
increasing demand for information on 
methods of testing and evaluating the 
merits of various types of panels avail- 
ble and under development. In recogni- 
tion of the demand for such information 
the Society organized on January 30 
148, Committee C-19 on Structural 
sandwich Constructions. This committee 
nas held a total of four meetings to date. 
Four technical subcommittees have been 
et up and are functioning as indicated 
ater in this report. By-laws have been 
prepared and approved. The committee 
iow consists of 61 members. The officers 
of the committee are as follows: 


Chairman, A. G. H. Deitz 
Vice-Chairman, D. G. Reid 
Secretary, E. C. Hartmann 
Membership Secretary, R. A. Biggs 


Activ [TIES OF SUBCOMMITTEES 


Subcommittee I on Mechanical Proper- 
Hes of Basic Materials (R. C. Platow, 
chairman) has been expanding its activi- 


* Presented at the Fif i 
: ifty-second Annual Meeting of the 
June 27-July 1, 1946, = 
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ties on what may legitimately be called 
the collating of available material neces- 
saty to establish a working premise for 
the activities of the subcommittee on the 
basic properties of materials used in sand- 
wich construction. This approach is felt 
to be the primary problem that confronts 
this group. 


The subcommittee is also gathering — 


information on the properties of core 
materials with which the members are 
familiar and the methods of test which 
have been utilized in obtaining these 
figures. 

For the purposes of expediting and 


assigning work, the subcommittee has — 


subdivided 
sections: 
Mechanical, S. E. Mautner, chairman 
Physical, W. D. Eisenhauer, chairman 
Electrical, C. B. Hemming, chairman 
Subcommittee IT on Mechanical Prop- 
erties of Basic Sandwich Construction 
(E. W. Kuenzi, chairman).—Early meet- 
ings of this subcommittee involved dis- 


into the following three 


cussions on the types of tests that were — 
of most value to those interested in use 


of sandwich constructions in aircraft and 


in housing. The subcommittee was then 
divided into sections to consider testing | 
methods for conducting tension tests, 


compression tests, shear tests, flexure 
tests, and tests of bond strength. Possible 
methods for all of these tests have been 
discussed. Tentative methods for sub- 
mission to letter ballot of the committee 


are being prepared for the tension test, — 


compression tests, and flexure tests. 


4 
y 
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‘The primary purpose of these tests will 
be to make available standard methods 
- for determining properties and are not in- 
tended to be used as such for acceptance 
; tests. A future development will probably 
be to devise acceptance tests based upon 
the methods which are to be devised for 
obtaining mechanical properties. 

Subcommittee IIT on Permanence, Du- 
rability, and Simulated Service (D. G. 
Reid, chairman).—-Due to the wide ap- 
plication of structural sandwich construc- 
tion in various engineering fields, the 
decision was made to break down the 
activities of Subcommittee III on the 
basis of end use. This was accomplished 
_ by establishing sections on Building Con- 
struction, ‘Transportation, Furniture, 
Packaging, Aircraft, and Miscellaneous. 
In addition a special section on Exposure 
Facilities was established for the purpose 
of assisting the work of the other sections 
by selecting and arranging for test sites. 
The various sections initiated studies and 
reviews of test methods now under de- 
velopment or in use by companies or 
agencies concerned with development 


and application of all types of sandwich 
construction. 

Subcommittee IV on Nomenclature and 
Definitions (J. M. Stevens, chairman) 
During the past year this subcommittee 
has prepared a list of twenty terms con- 
sidered pertinent to the subject of struc. 
tural sandwich constructions. A defini. 
tion for structural sandwich construction 
has been accepted by a majority of the 
committee. Definitions for the remaining 
nineteen terms are currently being circu- i 
larized among all members of the sub- 
committee for acceptance or rejection by 
letter ballot. Upon completion of this Ml 
ballot these definitions will be referred to 
the full committee for final approval. 


This report has been submitted to J ing 
letter ballot of the committee, which con- J Co 
sists of 48 voting members; 35 members J an 
returned their ballots, all of whom have J an 
voted affirmatively. Pa 


Respectfully submitted on behalf of Co 
; by 
the committee, A. G. H. Den, 
E. C. HARTMANN, Conan dis 
Secretary. 
Val 
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PAINT, VARNISH, LACQUER, 


Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products held 
two meetings during the year: in Detroit, 
Mich., June 21 to 23, 1948, in connection 
with the Annual Meeting of the Society, 
and in Chicago, Ill., February 28 to 
March 2, 1949, in connection with the 
Spring Group Committee Meetings. 

At the June, 1948, meeting, the follow- 
ing two papers were presented: “A New 
Color Difference Meter, Part 1, Design 
and Theory,” by Richard S. Hunter, 
and “Part 2 Some Applications to 
Paints,” by Francis Scofield; and ‘The 
Concept of Organic Coating Hardness,” 
by M. H. Switzer.! 

At the March, 1949, meeting, a panel 
discussion was presented on “Practical 
Aspects of the Testing of Paint and 
Varnish Products.” Francis Scofield 
served as moderator and the panel was 
composed of C. C. Hartman, R. R. 
Bruhn, and W. G. Armstrong. 

_ At this Annual Meeting, the follow- 
ing paper is being presented, “Surface 
Preparation and Repainting of Struc- 
tural Iron and Steel,” by Arnold J. 
Eickhoff.2 

During the past year, a new Subcom- 
mittee on the Electrometric Testing of 
Paint Films has been organized under 
the chairmanship of William Shaw. 

The D-1 Membership Committee, 
which was organized in 1946 to obtain 
i¢w members for Committee D-1, partic- 
ularly members engaged directly in the 


* Prese 
nted at the Fifty-second A 
ety, June 27-July 1, can d Annual Meeting of the 
TP29), M Buttetin, No. 156, January, 1949, p. 67 


* See p. 311, 
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protective coating industry, has been 
active. The Membership Committee 
has succeeded in adding five new mem- 
bers to Committee D-1. 

The D-1 Inter-committee Relations 
Committee which is composed of the D-1 
representatives on other technical com- 
mittees is continuing to follow closely 


tees which may be of interest to Commit- 
tee D-1. 

Cooperative work with the Federa- 
tion of Paint and Varnish Production 
Clubs has continued active during the 
year under the Joint Committee (Milton 
Glaser, chairman). 

A Special Subcommittee on Location — 
of Exposure Test Sites, under the chair-_ 
manship of H. A. Nelson, has been co-— 
operating with the A.S.T.M. Advisory © 
Committee on Corrosion in considering 
various types of test sites for exposure 
tests. These include not only industrial 
locations but also marine exposures, 
tropical locations, and rural test sites. 
The committee is studying the dirt col- 
lection conditions of certain sites by ex- 
posing painted panels. 

On May 2, 1949, the Administrative 
Committee on Standards approved the 
recommendation submitted by Com- 
mittee D-1 that the Tentative Specifi- 
cations for Secondary Butyl Alcohol — 
(D 1007 - 49 T) and the Tentative 
Method of Conducting Exterior Ex-— 
posure Tests of Paints on Wood 
(D 1006 — 49 T) be accepted for publica- — 
tion as tentative. At the same time, the 
Administrative Committee on Stand- 
ards also approved the recommendation 


the activities of other technical commit- 


submitted by Committee D-1 for a‘ re- 
vision of Tentative Method of Test for 
Ester Value of Tricresyl Phosphate 
(D 268 - 46 T), which consists of chang- 
ing “3 g.” to “6 g.” in Section 5 (a) and 
revising “30 min. on a hot plate at 200 
C.” to “2 hr. at 200 C. or until all oil 
disappears,” in Section 5 (0). 

On May 9, 1949, the Administrative 
Committee on Standards also approved 
the new Tentative Method for the Meas- 
urement of Dry Film Thickness of 
Paint, Varnish, Lacquer and Related 
Products (D 1005 — 49 T). 

The three new tentatives are published 
in the 1949 Book of A.S.T.M. Standards, 
Part 4. 


NEW TENTATIVES 


The committee recommends for publi- 
cation as tentative the following six 
new methods of test, as appended hereto: 


Methods of Test for: 


_ Acetone Number of Heat-Bodied Drying Oils, 

_ Bituminous Emulsions Intended for Use as 
Protective Coatings for Metal, 

Night Visibility of Traffic Paints, 

Aniline Point and Mixed Aniline Point of 
Hydrocarbon Solvents, 

Total Nitrogen in Resins for Surface Coatings, 


and 
- Conducting Exterior Exposure Tests of Paints 
on Steel. 


REVISIONS OF TENTATIVES 
The committee recommends that the 
Tentative Method of Test for 60-deg. 
Specular Gloss of Paint Finishes (D 523 - 
48 T) be revised, as appended hereto.* 


ADOPTION OF TENTATIVES AS 
STANDARD 


The committee recommends the adop- 
tion as standard of the following four 
specifications and one method, without 
revision: 


_ *These methods were accepted as tentative by the 

Soclety and appear in the 1949 Book of A.S.T.M., Standards, 
Part 4. 

‘This revised method was accepted by the Scciety 

1 appears in the 1949 Book of A.S,T.M, Standards, 
‘art 4, 
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Tentative Specifications for:® 


Pure Para Red Toner, Light (D 475 - 48 T), 

Pure Toluidine Red Toner (D 656 - 48 7), 

Copper Phthalocyanine Blue (D 963 - 48 T), an 

Aluminum Pigments, Powder and Paste, fo 
Paints (D 962 - 48 T). 


Tentative Method of Test for:* 

Phthalic Anhydride Content of Alkyd Resins an 
Resins Solutions (D 563 - 47 T). 
TENTATIVE REVISION OF STANDARD 
The committee recommends the fol 


lowing tentative revision of the Stand- 
ard Methods of Testing Drying Oj) 


(D 555 47) 


Section 2 (i).—Change to read as 


follows: 


(i) Acid Calcium Chloride Solution.—Dissoly 
600 g. of reagent grade CaCl, or 800 g. of reagent 
grade CaCl,-2H,0 in a mixture of 80 ml. of HC 
(sp. gr. 1.18) and 500 ml. of water. Dilute to ! 
liter and mix. Filter if not clear. 


New Section.—Add the following as a 
new Section 22: 


22. Set-to-Touch Time: (a) Apparatus and 
Materials.—The apparatus and materials shall 
consist of the following: 

Constant Temperature Room or Box, capable 
of maintaining a temperature of 25 + 1C., and 
a relative humidity of 25 to 75 per cent. 

Glass Plates, at least 3 by 4 in. (roughening 
the surface slightly reduces the tendency of some 
oils to crawl). 

Na plithenate Driers of known metal content. 

(b) Preparation of the Sample.—Add drier in 
the concentration agreed upon by the interested 
parties (Note). Allow the prepared sample to 
stand at least 16 hr. before testing. 

Note.—For many oils either 0.5 per cent lead 
and 0.03 per cent cobalt, or 0.06 per cent cobalt 
give satisfactory results, but other drier combine 
tions are required by certain oils. 

(c) Procedure.—Coat the sample of oil on the 
plate with a doctor blade or by other method, 
give a wet film thickness of 0.0015 in. Place in 
constant-temperature room in a horizontal pos 
tion. A place should be selected with adequateat 
circulation, but without a perceptible draft, an 
with an illumination of approximately 25 foot 
candles. Test the film at intervals by touching 
lightly and gently with the finger and then tout 


Part ‘tn Supplement to Book of AS.TM Standarés 
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ing a clean piece of glass. The end point is 
reached when the finger does not transfer any oil 
to the clean glass. 

(d) Report.—Report the set-to-touch time in 
hours and tenths. If the intervals between tests 
ure longer than 0.2 hr., report the result as being 
between the end point and the test immediately 
preceding it. 


REVISION OF STANDARDS, IMMEDIATE 
ADOPTION 


The committee recommends for imme- 
diate adoption the following revisions in 
four standards and accordingly requests 
the necessary nine-tenths affirmative 
vote at the Annual Meeting in order that 
these recommendations may be referred 
to letter ballot of the Society: 


Standard Specifications for Dry Bleached 
Shellac (D 207 — 35),7 revise as follows: 

Section 1.—In the note at the end of this 
section substitute “insoluble matter” for 
“matter insoluble in hot alcohol.” 

Section 2.—Delete the requirements for 
iodine number and change “Moisture, max., 
per cent, regular, 5.0, refined, 5.0” to read 
“Moisture, max., per cent, regular, 6.0, re- 
fined, 6.0.” Insert the following new require- 
ments: “Rosin, regular, none, refined, none; 
Copals, regular, none, refined, none.” 

Standard Specifications for Zinc Yellow (Zinc 
Chromate) (D 478 - 47)® revise by deleting the 
requirements for “combined water.” 

Standard Methods of Sampling and Testing 
Lacquer Solvents and Diluents, (D 268 - 48),§ 
revise as follows: 

Section 8.—In the first sentence, change 
“OA.P.I. gasoline” to read “10° heptane 
having an aromatic content of not over 5 per 
cent.” and add “and examine for turbidity” 
to the end of this sentence. 

Standard Specifications for Tricresyl Phos- 
phate (D 363 - 46),7 revise by deleting the re- 
(urement for “free phenols” and changing the 
requirement for acidity from “0.005 per cent” to 
“0.01 per cent.” 


EDITORIAL CHANGES 


The committee recommends the fol- 
lowing editorial changes in the Standard 
Method of Test for Spectral Character- 
istics and Color of Objects and Materials 
(D 307 ~ 44)7 
| Section 4 (b).—Change the note to read 
48 follows in order to introduce a refer- 


‘16 Book of A.S.T.M. Standards, Part II. 


ence to the preparation of magnesium — 
oxide standards in Method D 986: 


Note.—See the Tentative Method of Prepa- 
ration of a Magnesium Oxide Standard for 
Spectral Reflectivity (D986-48T) and the 
“Preparation and Colorimetric Properties of a 
Magnesium Oxide Reflectance Standard,” Letter 
Circular LC-547, National Bureau of Standards, 
March, 1939. 


Make the following changes in terms — 
and symbols: 


Tristimulus Designations.—Change to 
stimulus values” in Section 2 (a), (b), (d), and (e). 

Tristimulus S pecifications.—Change to “‘tri- 
stimulus values’? in the column headings of 
Table ITI. 

Spectral Irradiance.—Change the symbol, 
“FE,” for spectral irradiance to ““H,” in Sections 2 
(c), (g), 13 (a), (8), (c), and in the column head- 
ings of Table I. 

Trichromatic Coefficients —Change to “‘chro- 
maticity coordinates” in Sections 2 (e), 11, 12, 
13 (d), and the column headings of Tables II 
and III. 

Transmission.—Change to “transmittance” _ 
in Sections 2 (f), (g), (p), 10 (a), 11, 13 (a) 
(Note 1), (d) (Note 3), and 14 (0). 

A pparent Reflectance (or Reflectivity).—Change 
to “directional reflectance or reflectivity” in 
Sections 2 (7), (k), (a), (0), (p), 7 (c), 10 (a), 11, 
13 (a), (d), (Note 3), 14 (0), and the label of the 
ordinate in Fig. 1. 


The committee recommends an edi- 
torial change in the following specifi- 
cations for solvents and diluents so that 
the description of the heptane used in 
the water miscibility test will be changed 
to conform with the revision recom- 
mended in Section 8 of Methods D 268 — 
48, given earlier in this report. 


D 329 - 33 D 302 - 33 
D319-40  D321-40 

D 318 - 39 D 331 - 35 

. D 554 - 39 D 343 - 35 
D 304 - 45 D 330 - 35 

D303 - 40 D 657 44 

D 320 - 40 D 770 - 46 

D 608 - 43 D 740 - 46 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.® 


8 The letter ballot vote on these recommendations was 
favorable: the results of the vote are on record at A.S.T.M. 


Headquarters. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommiliee II on Drying Oils 
(Francis Scofield, chairman) prepared 
the new method of test for acetone num- 
ber presented herewith and also recom- 
mended two tentative revisions for the 
method of test for drying oils presented 
in this report. The subcommittee is con- 
ducting cooperative work on hydroxyl 
number, break test and diene value. 
Work is also being done on a revision 
of the foots test. 

Subcommittee III on Bituminous Emul- 
sions (EK. H. Berger, chairman) prepared 
the new methods of test for bituminous 
emulsions intended for use as protective 
coatings for metals. Work is being con- 
tinued on two specifications for emul- 
sions of the coal-tar and asphalt types 
which will be based almost entirely on 
performance requirements. 
Subcommittee IV on Traffic Paint 
-(W. G. Vannoy, chairman) prepared 
the new method of test for night visi- 
bility of traffic paints. Work is being 
continued on accelerated tests for dura- 


_ bility of traffic paints and on specifica- 


tions for glass beads for use in traffic 
paints. A study is also being made on 


accelerated tests for suspension. 


Subcommiltlee V on Volatile Solvents 


for Organic Protective Coatings (M. B. 


Chittick, chairman) prepared the new 
methods of test for aniline and mixed 
aniline point presented in this report.’ 
_ Methods for heptane number and kauri- 
butanol number have been completed 
and are being studied further. The sub- 
committee has under development meth- 
ods of test for naphtha tolerance and 
diluting power of hydrocarbon solvents. 
Subcommittee VI on Definitions (C. H. 
Rose, chairman) is preparing definitions 
for spar varnish, sealer, and size. 
Subcommittee VII on Accelerated Tests 
(R. H. Sawyer, chairman) is continuing 
a study of a proposed revision of the 
Tentative Method of Preparation of 
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Steel Panels for Testing Paint, Varnish, 
Lacquer, and Related Products (D 609- 
46 T). It is also continuing its studies on 
humidity testing and also on immersion 
testing. The subcommittee is working 
in cooperation with the Cleveland Paint 
and Varnish Production Club on the 
subject of the operation of light and 
water exposure units. 

Subcommittee VIII on Chemical Analy. 
sis (C. Y. Hopkins, chairman) has under 
consideration revisions in the methods 
of analysis of zinc dust pigment, white 
pigments, iron oxide pigments, and 
chrome pigments. The subcommittee 
is also engaged in studying certain gen- 
eral methods of testing pigments such 
as for the determination of water-soluble 
matter and other general properties. 

Subcommillee IX on Varnish (J. C. 
Weaver, chairman) recommended that 
Tentative Method D 563 be adopted as 
standard. The subcommittee is engaged 
in developing methods of test for drying 
and for the viscosity of transparent 
liquids. Work is also being done on the 
chemical resistance of dry varnish film 
and the evaluation of the exterior dura- 
bility of varnish. The subcommittee is 
conducting cooperative tests on the use 
of pentaerythritol rosin ester for measur- 
ing the flexibility of varnishes. 

Subcommittee X on Optical Properies 
(M. R. Paul, chairman) recommended 
the revision of Tentative Method D 323, 
as appended to this report.‘ The sub- 
committee is engaged in preparing a new 
method of test for the gloss evaluation 
of high-gloss finishes. 

Subcommittee XI on Resins (C. 1. 
Pickett, chairman) prepared the new 
method of test for the total nitrogen 
resins for surface coatings. The sub- 
committee is conducting cooperative 
work on methods of testing resins, SUC 
as for the determination of total solids. 
melting point, and acid number of alky’ 

resins. Work is also being done on tht 
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iodine value of extracted fatty salts, the 
solvent tolerance of amino resins, the 
iodination method for the estimation of 
pure phenols, and the quantitative deter- 
mination of chlorine polyvinyls. 
Surveys are in progress on resin solubil- 
ity, haze measurements, specific gravity, 
clarity and color of resins, and the classi- 
fication and identification of phenol 
resins. 

Subcommillee XII on Exterior Testing 
of Paints on Wood (Wayne Fuller, chair- 
man) developed the new method for 
conducting exterior exposure tests of 
paints on wood, as previously mentioned 
in this report. The subcommittee has 
started work on the development of a 
test procedure for exterior exposure tests 
of trim paints on wood and on a form for 
recording test results. 

Subcommitlee XIII on Shellac (C. C. 
Hartman, chairman) is being set up as 
the American Committee in charge of 
the contacts with the ISO Committee 
on Shellac (No. 50) for which India 
holds the secretariat. 

This subcommittee recommended the 
revision of Standard Specifications 
D 207, as given previously in this report. 
The subcommittee is working on a re- 
vision of the Standard Specifications for 
Shellac Varnishes (D 360-41) and the 
Standard Method for Sampling and 
Analysis of Shellac (D 29 — 40). 

Subcommittee XIV on the Electro- 
melric Testing of Paint Films (W. Shaw, 
chairman) is developing a method for 
conducting time-potential tests. This 
work will be followed by a study of the 
measurement and the significance of 
changes in the electrical resistance of 
paint films, 

Subcommittee XV on Pigments (C. L. 

Crockett, chairman) recommended the 

évision of Standard Specifications D 

478, given earlier in this report. It also 

fecommended the adoption of four 

entative specifications as standards. 
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The subcommittee is drawing up new 
specifications for calcium carbonate and 
is also considering revisions in the 
Standard Specifications for Magnesium 
Silicate Pigment (D 605 - 42). 

Subcommittee X VIII on Physical Prop- 
erlies (M. Euverard, chairman) de- 
veloped the new method of test for dry 
film thickness. The subcommittee is 
engaged in work on the measurement of 
thickness of thin paint films and is also 
studying methods of preparing uniform 
films. Work is being continued on the 
development of a method of measuring 
the consistency of paste, the hardness of 
paint films, and the chalk resistance of 
pigments. Studies are also being made 
on the oil absorption and specific gravity 
of pigments and on the adhesion of paint 
films. A study of method of tests for 
determining the permeability of paint 
films is being undertaken. 

Subcommillee X XV on Cellulosic Coat- 
ings and Related Products (¥. H. Lang, 
chairman) prepared the new specifica- 
tions for secondary butyl alcohol and a 
revision of the Tentative Method of 
test for the Ester Value of Tricresyl 
Phosphate (D268-46T). This sub- 
committee also recommended a revi- 
sion of the Standard Methods of Sam- 
pling and Testing Lacquer Solvents 
and Diluents (D 268 - 46) and the Stand- 
ard Specifications for Tricresyl Phos- 
phate (D 363 - 46). 

A new method for distillation range of 
lacquer solvents and diluents will be pre- 
sented to the Society after the June 
meeting.® 

Subcommittee XXIX on Painting of 
Metals (A. J. Eickhoff, chairman) recom- 
mended a new procedure for the field 
testing of paint coatings on steel. The 
scope of this subcommittee’s work was 
recently enlarged to include metals other 
than steel. 


9 See Editorial Note, p. 310. 
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letter ballot vote of the committee, which the committee, 
consists of 334 voting members; 181 

members returned their ballots, of whom 

119 have voted affirmatively andOnega- C.H. Rose, 
Secretary. 


Subsequent ‘to the Annual Meeting, Committee D-1 presented to the 
Society through the Administrative Committee on Standards the recommenda- 
tion that the Method of Test for Distillation Range of Lacquer Solvents and 
Diluents be accepted for publication as tentative. This recommendation was 
accepted by the Standards Committee on September 22, 1949, and the new 
tentative method appears in the 1949 Book of A.S.T.M. Standards, Parts 4 
and 5, bearing the designation D 1078 — 49 T. 
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W. T. Pearce, 
Chairman, 


This report has been submitted to Respectfully submitted on behalf of 
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APPENDIX 7 


THE SURFACE PREPARATION AND REPAINTING OF STRUCTURAL 
IRON AND STEEL 


Report OF A STUDY CONDUCTED BY SUBCOMMITTEE XXIX ON THE PAINTING OF METALS 
oF A.S.T.M. CommitTree D-1 


By ARNOLD J. Erckuorr! 


This report is concerned with some of 
the factors involved in the preservation 
of iron and steel. It should be emphasized 
that the several conclusions reached 
herein are based on a statistical analysis 
of the test data. Some opinions are in- 
cluded as not having been drawn directly 
from a statistical interpretation of the 
data—such cases are so identified; for 
example, at what degree of Corrosion is 
repainting desirable? 

This is a final report of the work out- 
lined in the Report on the Evaluation of 
Surface Treatment of Steel Prior to 
Painting presented in 1947.2 As stated in 
this previous report, most metal protec- 
tive paint studies reported in the litera- 
ture have been concerned with the 
preparation and painting of new steel, 
unweathered steel, partially corroded 
steel, or steel cleaned by various mechani- 
cal means. This report is concerned with 
the repainting of painted, weathered 
steel surfaces. 

The following questions, all of con- 
siderable practical interest, were studied 
in this investigation: 

1. The maximum degree of corrosion 
permissible before repainting is necessary 
in order that economical protection can 
be maintained. 

2. Comparison of 


three chemical 


a, atonal Lead Co., Research Laboratories, Brook- 


soure Oceedings, Am. Soc. Testing Mats., Vol. 47, p. 264 
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pretreatments. All these are of the so- 

called cold type and are not to be con- 

fused with the hot pretreatments used 
on fabricated articles such as automobile 
bodies and refrigerators. 

3. Comparison of paint performance 
over various surface conditions. 

4. Comparison of two paint systems, 
A versus B on repainting. The two 
paint systems (each consisting of primer 
and topcoat) were selected to offer quite 
different durabilities. From experience, 
paint system A was known to provide 
poor protection to steel surfaces. The 
paints in system B were commercial 
products purchased from a local paint 
dealer by a disinterested party. This 
system was known to provide good pro- 
tection to iron and steel surfaces. 

5. Comparison of a second pretreat- 
ment system versus an original pretreat- 
ment system. 

CHEMICAL PRETREATMENTS* 

Pretreatment X was a mixture of chromic 
acid, phosphoric acid, a wetting agent, 
and some zinc dissolved in the phos- 
phoric acid. 

Pretreatment Y was a saturated solution 
of zinc phosphate in an aqueous solu- 
tion of phosphoric acid. 

Pretreatment Z was a homogeneous 
mixture of phosphoric acid, chromic 
acid phosphate, water-soluble oil sol- 
vent, a wetting agent, and water, 


= 
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For details regarding temperature of 2. Hot-rolled with mill scale, allowed 
applications, rinsing, etc., see the earlier to rust and then wire brushed. 
report.” 3. Hot-rolled with mill scale but 


| wll TABLE I.—SAYVILLE, LONG ISLAND PANELS. 
(Repainted January 11, 1944. 2 coats primer and 1 coat topcoat) 


| Corrosion | | 
| Rating | 
| Prior to | Rating Rating | Rating Rating | Rating 
| Repaint- | Oct. 10, | Sept. 17, June 19, | June 10, | May 27, 
1944 1946 1947 1948 


Surface Condition 


July, 1939 1945 


| 


Mill scale | 
Mill scale 

Rusted 

Rusted 

Sand blast 

Sand blast 


ing 
| January, 
| 1944 


Pretreatment X 


Sand blast 
Sand blast | 
Sand blast 
Sand blast | 


oon 


Pretreatment Y 


Mill scale 
Mill scale 
Mill scale 
Mill scale 
Rusted 
Rusted 
Rusted 
Rusted 
Sand blast 
Sand blast 
Sand blast 
Sand blast 


aaconns 


Pretreatment 


Mill scale 
Mill scale 
Mill scale 
Mill scale 
Rusted 
Rusted 
Rusted 
Rusted 
Sand blast 
Sand blast 
Sand blast 10 
Sand blast 10 


an 


@ Odd numbered panels painted with Paint System A—Even numbered panels painted with Paint System B. 
L Refers to left half of panel—retreated and repainted. 
© R Refers to right half of panel—only repainted. 


Test SURFACES AND PAINTS thoroughly sand blasted to bare steel 
ghly 


} before application of paint. 
In the earlier study the panels were 2 Two exposure locations were selected: 


by 3 ft. by ,% in. hot-rolled steel repre- Bethlehem, Pa. (an industrial atme 
senting three surface conditions: sphere), and Sayville, Long Island, N.Y. 
1. Original hot-rolled with mill scale. (a rural atmosphere). Since two paint 


No. 1*........-...+- 6 | | 5 | 4 
No 2 10 8 8 
No. 3 7 7 6 
No. 4 10 8 7 
6 7 6 
No. Mill scale 3 6 4 5 
Mill scale 7 5 5 
Mill scale 7 10 10 10 
Mill scale 10 10 10 
; errr Rusted ‘ 2 8 6 7 
Rusted | 8 6 7 
Rusted an 4 10 10 10 
errr Rusted 10 10 9 
8 | 6 | 7 
ERE 8 5 7 
See 10 10 | 10 
10 10 10 
4 9 | 8 
9 | 7 
4 10 10 
10 10 
> 3 8 6 
8 6 
6 10 10 
10 10 
4 9 7 
No. 18L.... 6 10 10 
10 10 | 
| 
; 
No. 
No. 
4 
( 
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systems and three chemical pretreat- panels varied in corrosion ratings from 
ments were involved, and one set of 1 (totally rusted) to 10 (no rust) when 
panels without pretreatment, a total of repainted in January, 1944 (see Tables 
24 panels was required for exposure I and II). The left half of each painted — 


TABLE II.—BETHLEHEM, PA. PANELS. 
(Repainted February 3, 1944. 1 primer—1 topcoat) 
| Corrosion 
! Prior t | R R R R R 
. — rior to | Rating ating ating ating ating 
Panel — en | Repaint- | Oct. 11, | Sept. 18, | June 20, June 11, May 26, 
. uly. | ing | 1944 | 1945 1946 1947 | 1948 
February, 
1944 
Mill scale 2 | 2 2 
Mill scale 8 | 10 9 9 9 9 
Rusted | 8 6 6 5 
Rusted 7 10 10 9 9 a 
‘Sand blast 6 9 9 9 8 8 - 
Sand blast 6 | 10 10 10 9 9 
Pretreatment X 
eee “Mill scale 6 9 | 7 6 o | $s. 
scale 8 | 7 6 5 4 
A SS Mill scale 8 10 9 8 8 8 
_ Mill scale 10 | 10 100 | ‘| 10 
Rusted 4 8 7 6 6 6 
Rusted | 8 | 7 6 6 
Rusted 10 9 9 | 9 
Aare Sand blast 7 | 10 9 9 | 9 es 
blast 10 9 9 | 9 
blast 9 10 10 | 9 
‘Sand blast 10 , 10 10 10 
Pretreatment Y 
| Mill scale 4 9 8 | 7 7 
Mill scale 9 | 7 7 7 
scale 10 10 10 10 10 | 
scale 10 10 10 10 10 
Rusted 2 8 | 6 6 5 4 
Rusted 8 6 6 5 4 
Rusted 6 9 8 7 6 6 
Rusted 10 9 8 8 
"Sand blast 7 10 9 9 9 
Sand blast 10 9 9 9 
blast 10 10 10 10 10 
Sand blast 10 10 10 10 10 
Pretreatment Z 
Mill scale 6 | 9 7 6 
_. ees Mill scale } 9 7 | 7 | 5 4 
Mill scale 8 | 10 7 
, ERS Rusted 2 7 6 6 | 5 4 
Rusted 7 6 6 5 4 
Rusted 5 10 9 9 8 
) Rusted 10 9 | 9 8 8 
— See | Sand blast 6 9 9 9 9 7 
Sand blast 9 9 9 9 7 
blast 10 10 10 10 10 10 
No. 24R Sand blast | 10 1 10 10 


iat at each location. They were exposed at 45 and corroded 2 by 3-ft. panel was wire 
ted: deg. facing south for a period of approxi- brushed, retreated (chemically), and 
mately 53 months (July, 1939 to Janu- repainted. The right half was wire 
LY. ary, 1944). brushed and repainted, receiving no 


At the end of this exposure cycle the second chemical treatment. 


“q 
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TABLE V.—COMPARISON OF PRETREATMENTS X 
Y, AND Z AT SAYVILLE BEFORE REPAINTING.’ 


PICTORIAL CORROSION STANDARDS 


Since this work was started prior to 
the adoption of any pictorial rusting 
standards by the A.S.T.M., Subcom- 


Condition 


TABLE II_—DETERMINATION OF OPTIMUM Paint A 
REPAINTING, MM scale.......) 2) | 3/28 4/4 | 3/258 
rs (Surfaces at Sayville) Paint B | | 
Mill scale....... 713.5] 7 | 3.5) 412.8) 4145 
Final Value Paint A | 
| Rusted......... 3/3 
6|5\4 
3 2 3 4 4 2 
aint A | | | 
7 } | | 
Sand blasted....| 1 1.5) 1 1.5) 4/4°1 31/3 
Corrosion Value just be- 616/1/2)]3 Paint B | | | 
fore Repainting....... 4 Sand blasted....| 6 | 1.5) 7 3.5) 6 | 1.5, 7.3.5 
| | 
| 3 3 | ee 13). 14.5 18 14.5 
12 
An initial value of 1 had a range from 6 to 4. X (2(rank totals)? — 3n (p—1)] 


(np(p+1)) 


med where is the number of replications and is the number 


An 4 a range 7 to of including the check. 
An initial value of 6 had a range from 10 to 7. Yyia ——— [i 4.52 2 52) — 
An initial value of 7 had a range from 10 to 8. 6X4X5 (a 14.5?) — 18 XS] 


Interpretation: To obtain a rating of 10 after 4 years 
further exposure, the maximum corrosion permissible 
before repainting at Sayville is approximately 6 on the 
Swedish scale. 


= 91.35 — 90 
= 1.35 
Interpretation: No difference whether pretreated or 
not. This is indicated by the totals 13, 14.5, 18, and 14.5 


The differences are not great enough to be significant. T 
TABLE 
SION PERMISS 
CAINTING. TABLE VI.—COMPARISON OF PRETREATMENTS 
. X, Y, AND Z AT BETHLEHEM 
(Surfaces at Bethlehem) BEFORE REPAINTING. 
Final Value 
‘onditi |x| | | Pi 
Condition = 4 | * | x “|Z 
|2 $17) 4) 6)2 Paint A 
Original Value just be-||10 | 6 | 6 | 6 | 6/6} 2 Mill scale....... 2/1 | 6142.5) 7/4 | 6/25 
fore Repainting....{]10 | 6! 7 | 8) 6 
0) 7/7) 8 2 | Paint B 
715 | 6 2 Mill scale....... |10/4 | 8/2 
| 9) 5) 6 
| Paint A 
An initial value of 2 had a range from 4 to 2. ; 
An initial value of 3 had a final value of 5 only. Paint B 
An initial value of 4 had a final value of 6 only. eee 714 1612.5) 612.8 61 
_ An initial value of 5 had a final value of 8 only. . | 
An initial value of 6 had a range from 9 to 4. Paint A ; 
_ An initial value of 7 hada range from 9 to 7. Sand blasted....| 6 | 1.5) 7 | 3.5) 7 | 3.5} 6/15 
An initial value of 8 had a range from 10 to 9. : | 
An initial value of 9 had a range from 10 to 9. Paint B | re 
An initial value of 10 had a final value of 10 only. Sand blasted....| 6 | 1 | 9 {2 | 10] 3.5) 10/35 
urther exposure, the maximum corrosion permissible 2 
before repainting at Bethlehem is approximately 8 on the Total......... 12.5) 16.5 19 : 
Swedish scale. Sees 
= 0.1 (12.2 + 16.52 + 19% + 12%) — 9 
mittee X XIX used the Swedish pictorial = 93.35 — 90 
= 3.35 ml 
rusting standards for evaluating the Interpretation: No difference whether pretreated of i 
degree of corrosion. A comparison of the ™* bes 
evaluation made by both reference report? in Table I, columns 8 and 9 and 
standards may be noted in the previous columns 13 and 14. Asso 


go 
| 
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STATISTICAL ANALYSIS OF CORROSION 
DATA 


The exposure data accumulated from 
this series of repretreated and repainted 
panels exposed to the atmosphere from 
January, 1944, until May, 1948, can be 
analyzed statistically. This procedure 


TABLE VII.—COMPARISON OF PRETREATMENTS 
Xx, Y, AND Z AT SAYVILLE AFTER REPAINTING. 


Condition x |Rank | Y | Rank| Z| Rank 


Paint A Mill scale left...| 3 

Paint A Mill scale right..| 4 
Paint A Rusted left 5 
Paint A Rusted right....| 5 
Paint B Sand blasted lef 
Paint B Sand blasted a 


11 


= 1.58 
Interpretation: No difference whether pretreated or 
not. 


TABLE VIII.—COMPARISON OF PRETREATMENTS 
X, Y, AND Z AT BETHLEHEM 
AFTER REPAINTING. 


Condition X | Rank| Rank 


Paint A Mill scale left. . . 1. 
Paint A Mill scale right. . $. 
Paint B Rusted left 
Paint B Rusted right... . 3 
Paint A Sand blasted left 3 
3 
1 
2 


nan 


Paint A Sand blasted 


wn 


B Sand blasted 


aint 
right 


17.5 


12 
(17.5? + 16.52 + 142) — 24 K 4 


= (774.5) — 96 
= 96.8125 — 96 
= 0.8125 
not Mer bretation: No difference whether pretreated or 


was therefore used to develop the findings 
and conclusions which are presented in 
this report. 

The type of analysis used to deter- 
mine the difference between two sets of 
data is called a “Rank Method’? which 
tonne Friedman, “The Use of Rank to Avoid the 


nption of Normality,” Journal , American Statistical 
Association, Vol. 32, pp. 675-701 (1937). 


is very useful when no assumptions as to 
the normalities of data can be made. 
In addition, it is useful when the meas- 
urements made are made in some 
system of ranking such as the Swedish 


TABLE IX.—COMPARISON OF CONDITIONING 
METHODS AT SAYVILLE AFTER REPAINTING. 


Condition 


| Mill Scale 


Paint A pretreatment 
right 


Paint A pretreatment 
Y right 


Rusted Sand 
Oo | Blasted 


9 


12 
= 6X34 (92 +- 92 + 182) — 18 X 4 


Interpretation: Sand blasted surfaces rusted give 
better paint life than either of the other 2 surfaces. This 
can be seen from the differences in the rank totals of 


rusted mill scale and sandblasted rusted panels . 


TABLE X.—COMPARISON OF CONDITIONING 
METHODS AT BETHLEHEM AFTER REPAINTING. 


Condition 


Paint A pretreatment X left.. 
Paint A pretreatment X right. 
Paint B pretreatment X left. . 
Paint B pretreatment X right. 
Paint A pretreatment Y left. . 
Paint A pretreatment Y right. 
Paint B pretreatment Y left. . 
Paint B pretreatment Yright. 
Paint A pretreatment Z left. . 
Paint A pretreatment Z right. 


Differ- 
ence 


| 


| 


| | 


Interpretation: Rusted, sand blasted surfaces give 
better paint life than rusted, mill scale surfaces, since in 
no case is there any minus difference and in the other 
cases the difference is zero or plus. 


pictorial system with which this report 
is concerned. 

Briefly, the method is as follows: The 
data are grouped in pairs in which the 
only difference between the two items 
in the pair is the factor under considera- 


— 
nn 
i 4 
Paint A pretreatment 
4| 1.5/4] 1.5 
8] 1 5\2 4 
s| 1 |o|2 |. 
| a 10.5 Paint A pretreatment 
X?= (14.5? + 112 + 10.52) — 18 X 4 —— 
Total 9 18 
81 
2 
2 
10 9 
5 
10 4 
8 
Total 
5 7 
10 
5 
| 
3.5 
12 
< 
-_- 
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tion and all other factors are identical. 
Then the difference between the two 
items in each pair are tabulated and the 


TABLE XI.—COMPARISON OF PAINT SYSTEMS 
A AND B AT SAYVILLE AFTER REPAINTING. 


x 
=] 


Condition 


Differ- 
ence 


| » 


Mill scale pr :treatment Y right... 
Rusted preireatment Y left 
Rusted pretreatment Y right 
Sand blast pretreatment Y left 
Sand blast pretreatment Y right 
Mill scale pretreatment Z left 
Mill scale pretreatment Z right 
Rusted pretreatment Z left 
Rusted pretreatment Z right 
Sand blast pretreatment Z left 
Sand blast pretreatment Z right 


Plus 


Interpretation: Paint System B gives better perform- 
ance than Paint System A, since the differences are all 
plus. 


TABLE XII.—COMPARISON OF PAINT SYSTEMS 
"A AND B AT BETHLEHEM AFTER REPAINTING. 


Condition AB ©6§ !Rank 
| a 
lai ol 7 
Sand blasted | 89 1 
Mill scale pretreatment X left........ 5 8 3 
X right 410 6 
- Rusted pretreatment X left 16 8| 2 
X right ...|6 9) 3 
Sand blasted pretreatment X left.....|9 9 0 Plus 
X right 910 1 
Mill scale pretreatment Y left ....... 710, 3 
710; 3 
Rusted pretreatment Y left 
Y right 
Sand blasted pretreatment Y left..... 810) 2 
Y right...| 810) 2 
Mill scale pretreatment Z left........ 7; 2 
Z right... .. 7} 3 
Rusted pretreatment Z left caokids 8| 4 
Z right 
Sand blasted pretreatment Z left.....| 710) 3 
Z right.. ‘| 710) 3 


Interpretation: Paint System B gives better perform- 
‘ — than Paint System A, since the differences are all 
plus. 


differences are given a rank with the 
lowest difference ranked 1, etc. The 
_ ranks of the minus differences are then 
given minus signs and added and the 
ranks of the plus differences given plus 
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signs and added. The lowest sum is then 
entered in a table supplied by Wilcoxon‘ 


TABLE XIII.—COMPARISON OF ONE PRETREAT. 
MENT SYSTEM TO TWO PRETREATMENT 
SYSTEM AT SAYVILLE. 


Condition 22 
Mill scale paint A pretreatment X 3) —-1 | 
Mill scale paint B pretreatment X....| 8 8 0 
Rusted paint A pretreatment X..... 
Rusted paint B pretreatment X......16 6 0 
Sand blasted paint A pretreatment X.| 6 6 0 | 
Sand blasted paint B pretreatment X. 1010 0 | 
Mill scale paint A pretreatment Y....| 5 5 0 
Mill scale paint B pretreatment Y....| 7, 7 0 
Rusted paint A pretreatment Y......14 4 0 
Rusted paint B pretreatment Y.. 77 #0 
Sand blasted paint A pretreatment Y.|7 7 0 
Sand blasted paint B pretreatment Y.| 8 8 0 
Mill scale paint A pretreatment Z....; 4.4 0 
Mill scale paint B pretreatment Z....|6 6 0 
Rusted paint A pretreatment Z.......|4 4. 0 
Rusted paint B pretreatment Z 1 81 § 0 
Sand blasted paint A pretreatment Z.| 6 6) 0 
Sand blasted paint B pretreatment Z.|9 9 0 l 
Interpretation: No advantage in using chemical pre- 
treatments on a partially painted-partially corroded a 
surface which was originaily pretreated, painted, and ex- 
posed in a rural atmosphere. l 
TABLE XIV.—COMPARISON OF ONE PRETREAT- t] 
MENT SYSTEM TO TWO PRETREATMENT SYSTEM ; 
AT BETHLEHEM, PA. 
| | 
-|———— |— 2 
Mill scale paint A pretreatment X.....4 5) 1 3 +} 
Mill scale paint B pretreatment 10 8-2 | 6 f 
Rusted paint A pretreatment X 66 0 | 
Rusted paint B pretreatment X |9 8-1 | -3 
Sand blasted paint A pretreatment X.!9 9 0 f 
Sand blasted paint B pretreatment X.10 9-1 | -3 
Mill scale paint A pretreatment Y....| 7) 7) 0 
Mill scale paint B pretreatment Y.....1010 0 , 
Rusted paint A pretreatment Y... 4.4 0 ru 
Rus‘ed paint B pretreatment Y...... 7 6-1 -3 4 
Sand blasted paint A pretreatment Y.| 8 8 0 1] 
Sand blastedpaint B pretreatment Y. 1010 0 cal 
Mill scale paint A pretreatment Z.... 4 5 1 3 : 
Mill scale paint B pretreatment Z....| 7 7, 0 C0} 
Rusted paint A pretreatment Z... 44 0 
Rusted paint B pretreatment Z ..| 8 8 0 
Sand blasted paint A pretreatment Z.' 7 7; 0 
Sand blasted paint B pretreatment Z. 1010 0 
the 
Interpretation: No advantage in using chemical pre- 
treatments on a partially painted-partially cor sur 
face which was originally pretreated, painted, ande Sa 
in an industrial atmosphere. } 
en\ 
and it is noted directly whether the serie per 
are significantly different. 4 
tion 
Where more than two series are to be —y, 


4 Frank Wilcoxon, “Individual Comparison 
ing Methods,” Biometrics Bulletin 1, pp. 80-82 (1). 


scale 
Sand blast 
Mill scale pretreatment X left 
, Mill scale pretreatment X right All 
; Rusted pretreatment X left Plus 
Rusted pretreatment X right 
Sand blast pretreatment x left 
All 
| 


nae 


compared, as in the case of the three 
jifferent pretreitments and the no pre- 
treatment check, the system is slightly 
diferent. It is described by Bliss.® 

Tables III and IV show the maximum 
degree of corrosion permissible before 
repainting at both Sayville and Bethle- 
hem became necessiry in order to miin- 
tain economical protection. These tables 
might also be considered to show the 
relationship between the degree of rust- 
ing at the time of repainting and the 
protection after repainting. They are set 
up using the final value obtained as a 
rating on May 27, 1948 (Table I) as 
column headings and in each column the 
corresponding value of the panel when 
it was repainted in January 1944. For 
example, panel No. 1 had a value of 1 
when it was repainted in January, 1944, 
and in May, 1948, it had a value of 4. 
Under the 4 column, a 1 would be placed. 
Then when all the panels are recorded in 
this manner, a tabulation is made show- 
ing the maximum final value to be 
expected from the value at repainting. 
Again, as an example, an initial value of 1 
can go as high as 6 since a 1 appears in 
the column headed 6. 

To make use of these statistical tables, 
the maintenance engineer must use his 
judgment. He, must select some final 
tusting rating as the goal, then the lowest 
initial rusting rating that can give the 
selected final rating is the maximum 
corrosion allowable before repainting. 

CONCLUSIONS 

From a statistical analysis of the data 
the following conclusions are valid: 
A For the type of weathering at 
Sayville, Long Island, N. Y. (rural 
“ivironment) the maximum corrosion 
permissible before repainting for the best 


*C. L. Bliss, “A Chart of the Chi-Square Distribu- 


246-248 Statistical Association, Vol. 39, 
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sible is 8. Thus earlier repainting is 
indicated in an industrial atmospheric 
environment. A Swedish rating of 6 and 
8 is approximitely equal to an A.S.T.M. 
rating of 7 and 8, respectively. 


judgment of Subcommittee XXIX is at corro- 
sion rating of 8, and that it is definitely neces- 
sary at a corrosion rating of 6. 


Notre.—The time for most economical re- 
painting based on the practical experience and 


2. There is no difference in the per- 
formance of any of the three pretreat- 
ment systems (Tables V to VIII) as com- 
pared with no pretreatment at the time 
of repainting or at either exposure sta- 
tion. 

3. At both stations, for repainting 
purposes, painted sand blasted panels, 
allowed to purtially rust were less diffi- 
cult to protect than painted mill scale 
panels allowed to partially rust. 

4. After repiinting, paint system B 
give significantly better protection than 
paint system A. This was true at both 
stations (Tables [IX to XII). This is the 
sime order of performance as was found 
for the initial paint tests. 

5. There is no significant difference in 
corrosion protection between panels with 
one pretreatment (‘Tables XIII and XIV) 
or two pretreatments (the second pre- 
treatment given at the time of repaint- 
ing). This was true in both a rural] and an 
industrial environment. 


Acknowledgment: 
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and most economical protection is 6 on 
the Swedish pictorial rusting standards. 
For Bethlehem Pa. (industrial environ- 
ment) the maximum corrosion permis- 
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Committee D-2 on Petroleum Prod- 
ucts and Lubricants and a number of its 
subcommittees held two meetings during 
the past year: one in February, 1949, 
at Washington, D. C., and one in June, 
1949, at Atlantic City, N. J. In addition, 
a large number of subcommittees held 
meetings in November, 1948, at Chicago, 
Ill. 

The voting membership of the com- 
mittee is now 100, of whom 43 are classi- 
fied as producers, 38 as consumers, and 
19 as general interest members. These 
figures bear witness to the fact that 
Committee D-2 is filling its proper réle 
as a cooperative, neutral meeting ground 
for the producers and consumers of 
petroleum products. 

The total voting membership has in- 
creased very little during the past year. 
However, the number of individuals par- 
ticipating in the work of the committee 
has increased from more than 600 to 
approximately 700. This increase in- 
dicates that the work of the committee is 

fo. in response to the demands of 


industry. 


Every effort is being made to com- 
plete a major rearrangement of the sub- 
committee structure of Committee D-2 
within the next year. This rearrange- 
ment, which was initiated more than 
two years ago, calls for a new working 


CHANGES IN COMMITTEE 
ORGANIZATION 


_ Philosophy on the part of Committee 


* Presented at the Fifty-second Annual ae of the 
a Society, June 27-July 1, 1949. 
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D-2 members, based on the concept of 
two coexisting types of subcommittees: 
Technical Committees, which have the 
responsibility for studying the per- 
formance of products in service, and 
Research Divisions, which deal primarily 
with the development and maintenance 
of standard methods. These two types 
of groups will complement each other in 
working toward the development of 
significant methods of test. Most of the 
proposed Research Divisions are con- 
solidations of former subcommittees; 
and, therefore, no change in these ac- 
tivities of Committee D-2 is involved. 

Coordinating Divisions will also be 
included to perform the necessary con- 
trolling and auxiliary functions. In addi- 
tion to those already functioning under 
other names, the Advisory Committee 
has authorized the formation of a new 
Coordinating Division on Research under 
the chairmanship of H. P. Ferguson. 
It will be the assignment of this Division 
to prepare an outline of the unsolved 
research problems embodied in the scope 
and activities of Committee D-2. 

The details of this rearrangement have 
not yet been completed but will be re- 
ported to the Society at a later date. 


RECOMMENDATIONS ACCEPTED BY 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


The large number of actions taken 
the June, 1948, meeting of Committee 
D-2 made necessary the preparation of 
a Supplementary Report which wé 
submitted to letter ballot of the com 
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mittee in August, 1948. The recommen- 
dations in this Supplementary Report 
were referred to the Administrative 
Committee on Standards and were 
accepted by it on September 29, 1948. 
The Supplementary Report and the 
actions of the Administrative Committee 
on Standards are included in the 1948 
Proceedings' and also in the 1948 compi- 
lation of A.S.T.M. Standards on Pe- 


troleum Products and Lubricants. 


On the basis of actions of the Society 
during 1948, the following recommenda- 
tions have been submitted through Sec- 
tional Committee Z11 on Petroleum 
Products and Lubricants to the American 
Standards Association: 


Approve as American Standards: 
Tentative Methods of Test for: 


Cone Penetration of Lubricating Grease D 
217-47 T; ASA No. Z11.3-1948 

Sulfated Residue, Lead, Iron and Copper in 
New and Used Lubricating Oils D 810-47 T; 
ASA No. Z11.57-1948 

Chemical Analysis for Metals in Lubricating 
Oils D 811-44 T; ASA No. Zi1.56-1948 

Sediment in Fuel Oil by Extraction D 473-46 T; 
ASA No. Z11.58-1948 


AMERICAN STANDARDS 


Reapprove as Revised American Standards: 


Standard Definitions of Terms Relating to 
Petroleum D 288-47; ASA No. Z11.28-1948 

Standard Method of Test for Knock Character- 
istics of Motor Fuels by the Motor Method 
D 357-47; ASA No. Z11.37-1947 


Withdrawal of American Standards: 


Standard Method of Test for Tetraethyl Lead 
in Gasoline D 526-42; ASA No. Z11.42-1942 


The above recommendations are still 
under consideration by the American 
Standards Association in addition to the 
additional recommendations to be sub- 
mitted to the American Standards Asso- 
“ation concerning the withdrawal as 
American Standards of the Standard 


1 
avg din, Am. Soc. Testing Mats., Vol. 48, p. 287 


| 


319 


Methods of Sampling Petroleum and 
Petroleum Products (D 270 - 33); (ASA 
Z11.33-1935) and the Standard Method 
of Test for Saponification Number of 
Petroleum Products by Color-Indicator 
Titration (D 94-45); (ASA Z11.20- 

1945). 


ACTIVITIES OF TECHNICAL Com- 
MITTEES AND SUBCOMMITTEES 


Technical Committee A on Gasoline 
(H. M. Smith, chairman) has been active 
in several fields of endeavor, as follows: 

Section I on Gum (C. A. Neusbaum, 
chairman) reviewed the methods for 
determination of gum content and oxy- 
gen stability of gasoline and has recom- 
mended changes in the status of three 
of these methods. 

Methods D 381 - 46, Test for Existent 
Gum in Gasoline, and D 525 - 46, Oxy- 
gen Stability of Gasoline, require minor 
changes involving the dimensions of the 
apparatus. In one case, the change is 
dictated by a corresponding change in 
the glassware available from the glass 
manufacturers. In the other case, di- 
mensions have been changed for purposes 
of clarity. These revisions do not affect 
the results obtained by the method. 

Section I also proposed that Method 
D 873 - 46 T, Test for Oxygen Stability 
of Aviation Gasoline, be adopted as 
standard, with the addition of a para- 
graph relative to the measurement of 
the visible lead precipitate and with 
editorial changes which have been made 
in order to reconcile Method D 873 with 
the Air Force-Navy Aeronautical Specifi- 
cation AN-F-58 for Fuel, Aircraft Tur- 
bine and Jet Engine. 

Section I is currently investigating 
the feasibility of standardizing a method 
for the determination of existent gum 
and oxygen stability in Diesel fuels and 
light fuel oils. The method under in- 
vestigation is similar to Method D 381, 
with the exception that evaporation 
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takes place at 600 F., instead of 310 F., 
‘in an atmosphere of superheated steam. 
Section V on Specifications and Sig- 
nificance of Tests (H. C. Dickinson, 
chairman) is carrying on a special in- 
vestigation of climatic conditions 
throughout the country as they affect the 
vapor pressure of gasoline. In addition, 
it is proposing that Specifications D 439 
be brought up to date by changing the 
= in footnote d of the specifications 
relative to sulfur content from “1940” to 
“1949.” 
Section VII on Tetraethyllead (C. M. 
——-, chairman) is planning to hold 
a symposium in February, 1950, which 
has tentatively been titled “Recent De- 
velopments in Instrumental Methods for 
- the Determination of Tetraethyllead in 
Gasoline.” 
Section VIII on Sludge and Varnish 
_ Characteristics of Motor Fuels (S. S. 
Kurtz, Jr., chairman) is currently in- 
--vestigating three proposed methods for 
the measurement of the sludge-forming 
tendency of fuels. This work is proceed- 
ing slowly and is being coordinated with 
a similar program being carried on in the 
Coordinating Research Council. 
Technical Committee B on Lubricating 
Oils (W. S. James, chairman) sponsored 
- an informal symposium on the subject of 
_ Valve Burning, to be held in June, 1949, 
at Atlantic City. It is also planning a 
Symposium on High-Additive Content 
Oils for the Pacific Area National Meet- 
ing of the Society in San Francisco, Calif., 
in October, 1949. The subject of motor 
_ oilclassifications is currently commanding 
considerable attention in technical Com- 
mittee B. The Special Subcommittee on 
Crankcase Oils Classification, headed by 
J. L. McCloud, is making considerable 
progress in crystallizing the thoughts of 
producers and consumers on this subject. 
Section U-III on Industrial Gear Oils 
(C. L. Pope, chairman) is studying the 
various properties of gear oils that may 
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affect field performance. Particular at. 
tention is being given to viscosity clas. 
sification and foaming. The Section js 
planning to request the Research Divi- 
sion on Flow Properties to study and 
develop a channel test. An informal Sym- 
posium on Industrial Gear Lubricants was 
sponsored by this Section at the 1948 
meetingin Detroit at which the following 
papers’ were given: 


“Heavy Duty Gear’Oils,” by F. M. Kipp, 1S. 
Kolarik, and C. A. Zeiler, Aluminum Co. of 
America. 

“Gear Lubricants Used in Steel Plants,” by 
John F. Pelly, Bethlehem Steel Co 

“Gear Set Servicing by the Cathode Ray Osc¢il- 
loscope,” by A. R. Purdy and J. H. Goffe, 
Socony Vacuum Oi! Co. 


Section U-V on Instrument Oils (E. H. 
Erck, chairman) is studying the behavior 
of instrument oils in service and the 
properties which affect performance. A 
test method is being developed for meas- 
uring oxidation stability. 

Section U-VI on Lubricants for Air 
Compressors and Compressed Air Tools 
(C. M. Larson, chairman) is directing its 
principal activity to date in the direction 
of establishing a significant classification 
of lubricants for air compressors based on 
type, horsepower, speed, pressures, etc. 
Future work will seek information on 
lubrication practices and service prob- 
lems. 

Section Q-III on Foaming (H. A 
Ambrose, chairman) has succeeded in 
finding a satisfactory source of supply for 
the diffuser stone used in Method D 
892 - 46 T for Foaming Characteristic 
of Crankcase Oils. 

Section Q-IV on Viscosity Stability 
(W. Van Horne, chairman) has a definite 
work program under Way, determinin; 
the effect of various types of working 
devices on viscosity stability, using the 
same four oils being tested for viscosity 
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at various rates of shear under a project 
sponsored by the American Petroleum 
Institute. 

Section U-II on Automotive Gear Oils 
(H. C. Mougey, chairman) and Section 
U-IV on Hydraulic Power Transmission 
Liquids (H. R. Wolf, chairman) are in- 
active at the moment but have been 
organized to develop and standardize 
test methods as soon as the respective 
projects in the Coordinating Lubricants 
Research Committee and other technical 
groups have reached the desired stage of 
development. 

Technical Committee B has been au- 
thorized to form a new section which will 
study and develop a method or methods 
for measuring the dilutions of crankcase 
oils from both gasoline and Diesel en- 
gines. The present Method D 322 - 35, 
Test for Dilution of Crankcase Oils, can- 
not be employed for used oils from Diesel 
engines and is not completely satisfac- 
tory for those from gasoline engines. 

Technical Committee C on Turbine Oils 
(F. C. Linn, chairman) sponsored a 
Symposium on Lubrication of High- 
Speed Turbine Gear Equipment on 
February 14, 1949, comprising the fol- 
lowing four papers: 


“Lubrication of Naval Gearing,” by Com- 
modore R. T. Simpson, U. S. Navy, 

“Developments in Gear Design and Their 
Lubrication Requirements,” by L. J. Collins, 
General Electric Co., 

“Physical Concepts of the Establishment of 
the Lubricating Oil Wedge and Its Associated 
Load-Carrying Capacity for the Mating Tooth 
Surfaces of High-Speed Gears,” by E. K. Gat- 
combe, United States Naval Academy, and 
_ “Fundamentals of Worm Gear Lubrication,” 
by A. R. Purdy, Socony Vacuum Oil Co. 


Technical Committee C is also plan- 
hing a Symposium on the Lubrication of 
Turbine Equipment to be held at the 
Pacific Area National Meeting of the 
Society in San Francisco in October, 1949. 


149 sued 4s a separate publication, STP No. 92, August, 


Committee D-2 approved the exten- 
sion of the scope of Technical Committee 
C to cover the lubrication of non-aircraft 
gas turbines. 

Section I on Oil Systems of Turbines 
(F. E. Rosenstiehl, chairman) is cur- 
rently working on the draft of a recom- 
mended practice for the cleaning of tur- 
bine lubricating systems in preparation 
for service testing. 

Section II on Rusting (W. P. Kuebler, 
chairman) is currently carrying on co- 
operative work to improve Method D 
665 - 47 T, Test for Rust-Preventing 
Characteristics of Steam Turbine Oils in 
the Presence of Water, prior to recom- 
mending its adoption as standard. It is 
proposing, at this time, that the length 
of test be shortened from ‘‘48” to ‘24” 
hr. It has been the experience of the 
section that in the case of an oil that will 
allow rusting, the rust will form within 
the first few hours. This naturally would 
be evidence sufficient to reject the oil. 
However, in evaluating the degree of rust 
formation it is felt that the test should 
run at least 24 hr. 

Section III on Oxidation of Turbine 
Oils (E. A. Reehl, chairman) is carrying 
on cooperative work to determine the 
proper means of judging turbine oil 
quality. The results of this work will give 
indications as to the relative significance 
of increasing neutralization value and 
increasing sludge content, in so far as 
service performance is concerned, and 
will show whether sludge precedes, paral- 
lels, or follows rising neutralization value. 

Section IV on Emulsion Tests (M. D. 
Baker, chairman) is endeavoring to de- 
velop a constructive program that will 
produce an emulsion test which can be 
used for specification purposes and one 
that will predict the behavior of an oil in 
service. 

Section V on Oil Film Strength Testing 
(C. D. Wilson, chairman) is preparing 
definitions for oiliness, load-carrying 
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capacity, and film strength. It is also 
continuing its studies of testing equip- 
ment which will show the film strength 
characteristics as indicated by the point 
of film break-down. 

Technical Committee E on Burner Fuel 
Oils (M. A. Powers, chairman) is keeping 
in touch with developments in the burner 

. fuel field but, at present, has no active 
projects under way. 

Technical Committee F on Diesel Fuels 
(C. G. A. Rosen, chairman) is giving care- 
ful study to the development of problems 
which should come within its scope. An 
open discussion on this subject took place 
at the February meeting of this commit- 
tee, and it was agreed to arrange a 
Symposium on The Effect of Fuel on 
Diesel Engine Deposits for the fall meet- 
ing in San Francisco. 

Approval was also given for the es- 
tablishment of a section to work in con- 
nection with Subcommittee XXV on 
Analysis of Petroleum Products for Hy- 
drocarbon Types (Research Division IV 
on Hydrocarbon Analysis) on the further 
study of hydrocarbons in the Diesel oil 
range, directing the work toward improv- 
ing combustion characteristics. 

Section II on Specifications (H. M. 
Gadebusch, chairman) is preparing re- 
visions of Specifications D 975 — 48 T, 
for Diesel Fuel Oil. 

Technical Committee G on Lubricating 
Greases (R. C. Adams, chairman) has 
been reorganized during the past year to 
provide approximately 13 subsections, 
each working on the development, evalu- 
ation, or standardization of a specific 
test method. 

Two new subsections are being or- 
ganized, the first to cooperate with Sub- 
committee XI on the development of 

methods for the determination of ex- 
treme-pressure elements in lubricants, 

_and the second to develop a method for 

the chemical corrosiveness of greases. 
Technical Committee G has presented, 


appears in the 1949 Book of A.S.T. 
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at this time, the following two proposed 
methods appearing in Appendices I and 
II for publication as information: Pro- 
posed Method of Test for Micro-Cone 
Penetration of Lubricating Greases, and 
Proposed Method of Test for the Ap- 
parent Viscosity of Lubricating Greases, 
The first method fills a need for deter- 
mining consistency when the small size 
of the sample precludes the use of 
Method D 217 - 48, Test for Cone 
Penetration of Lubricating Grease; the 
second provides a means for measuring 
the flow properties of greases in usable 
engineering units. Both of these methods 
are the outgrowth of the work being car- 
ried on by Section II on Consistency 
Measurements and Related Physical 
Tests for Lubricating Greases (E. W. 
Adams, chairman). 

Technical Committee H on Light Hydro- 
carbons (W. G. Lovell, chairman) has 
been extremely active during the past 
year and is presenting proposals, at this 
time, relating to eight methods of test, as 
follows: 

Section II on Natural Gasoline (R. C. 
Alden, chairman) has presented an edi- 
torially improved version of Method D 
323 - 43, Test for Vapor Pressure of 
Petroleum Products (Reid Method) as 
appended hereto.‘ This revision involves 
considerable rearrangement of the mate- 
rial in behalf of lucidity and consecutive- 
ness, elimination of provisions relating to 
sampling which will be incorporated in 
the forthcoming A.S.T.M. Manual on 
Measuring and Sampling of Petroleum 
and its Products, now in preparation by 
Subcommittee XV, and the addition of 4 
set of precautions which emphasize cer- 
tain steps where carelessness most often 
results in errors. It is hoped that the 
resulting method will lead to greater ac 
curacy and ease of operation. Section Il 
is currently engaged in preparing tables 


4 This revised method was accepted by bag 
olan 
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if physical constants of light hydrocar- 
ons and in comparing notes on null 
int instruments for vapor pressure 
measurement. 

Section III on Chemical Utilization, 
Including Pure Hydrocarbons (R. F. 
Dunbrook, chairman) is proposing that 
hree methods of test for Separation of 
Residue from Butadiene, Determination 
{ Butadiene Dimer in Polymerization 
yade Butadiene, and Determination of 
\onvolatile Residue of Polymerization 
Grade Butadiene, which were published 
in the 1948 Report of Committee D-2 as 
Appendices II, III, and IV, respectively, 
be accepted as tentatives at this time. 
Since their publication as information, 
these methods have continued in use in 
all commercial operations without sug- 
gestion for major modifications. 

Section III is proposing that the follow- 
ing three methods be accepted for publi- 
cation as tentative: Test for Oxygen 
in Butadiene Vapors by the Manganous 
Hydroxide Method, Test for Acetylene 
in Polymerization Grade Butadiene by 
Silver Nitrate Method, and Test for 
Peroxides in Butadiene by Ferrous Ti- 
tanous Method, as appended hereto.5 
This is the first publication of these 
methods by A.S.T.M.; however, they 
taveall been in use commercially through- 
out the petroleum industry since before 
the end of the war without major 
modifications. 

Section III is also proposing for publi- 
cation as information a Proposed Method 
of Test for Determination of Boiling 
Point Range of Polymerization-Grade 
Butadiene as it appears in Appendix VIII. 
This method has had a history similar to 
that of the methods listed above. How- 
‘ver, approval for the official thermome- 
ter described in Appendix B to this 
method has not yet been received. 


Secs ete methods were accepted as tentative by the 
rr teow appear in the 1949 Book of A.S.T.M. Stand- 
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Section III plans to take up as its next 
project improvements in the Rubber Re- 
serve Butadiene methods which have 
heretofore been accepted with editorial 
revision only. 

Section VI on Liquefied Petroleum 
Gas (G. R. Benz, chairman) has referred 
the several testing methods pertaining to 
liquefied petroleum gas back to their 
sponsoring bodies for improvement and 
verification. It has also initiated con- 
siderable work on methods for the de- 
termination of vapor pressure, specific 
gravity, sulfur, and corrosion. Three 
temporary working groups have been 
appointed by Technical Committee H 
to coordinate work on these subjects. 

Technical Committee J on Aviation 
Fuels, under its new chairman, J. T. 
Hendren, has undergone a reevaluation 
of its organization and objectives. Active 
work is being carried on by all the sec- 
tions, involving studies in their respec- 
tive fields. 

Technical Committee K on Culting 
Fluids (O. L. Maag, chairman).—Sec- — 
tions I on Laboratory Evaluation of Cut- 
ting Fluids (T. G. Roehner, chairman) 
and II on Plant Evaluation of Cutting 
Fluids (M. E. McKinney, chairman) are 
actively engaged in developing methods 
for the evaluation of the behavior of cut- 
ting fluids. However, work has not pro- 
gressed on these problems to the point 
where formal methods can be written. 

Section III on Nomenclature, Defini- 
tion, and Classification of Cutting Fluids 
(O. W. Boston, chairman) finished the 
Proposed Definitions, Functions, Types 
and Designations of Cutting Fluids which 
are presented as information in Appendix 
IIT. 

Technical Committee +L on Tractor Fuels 
(E. M. Hughes, chairman) has reevalu- 
ated its objectives during the past year — 
and is currently engaged in surveys 
among the producers and consumers of 
tractor fuels which should indicate the 
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direction along which further work will 
be undertaken. 

Research Division I on Combustion 
Characteristics (D. B. Brooks, chairman) 
has continued to be active in the develop- 
ment and improvement of the knock 
testing methods. 

Section IV on Test Equipment (B. R. 
Siegel, chairman) has submitted a 
write-up describing the rating of high 
vapor-pressure fuels with the Waukesha 
carburetor jacket GP 214-269. The pur- 
pose of this special carburetor jacket is 
to permit the rating of fuels which would 
be subject to vapor lock under normal 
operating conditions. It has been tested 
extensively by the members of Section 
IV and found to be of satisfactory design. 
At the request of the Division, this de- 
scription appears in Appendix IV. It may 
be recommended for inclusion in the 
A.S.T.M. Manual of Engine Test Meth- 
ods for Rating Fuels at a later date. 

Upon the suggestion of Section V on 
Reference Materials (F. C. Burk, chair- 
man), Research Division I is proposing 
a change in the specification tolerances 
for the density and refractive index of 

_ ASTM isooctane and n-heptane, which 
will require appropriate revisions in 
Methods D 357 - 48, D 614 - 48 T, 
D 908 - 48 T, and D 909 - 48 T. 

Research Division I is currently spon- 
-soring three major projects, as follows: 

1. A study of the reproducibility of 
the CRC F-21 procedure for rating 
aviation fuels. 

2. A study of the effect of barometric 
pressure changes on the rating of fuels. 

3. A continuation of the National 
Exchange Group cooperative program 
for maintaining accurate operation of 
knock test engines. 

Research Division X on Corrosion Tests 
_(F. D. Tuemmler, chairman) has com- 
; pleted its first year’s work by preparing a 
tentative revision of Method D 130 - 30, 


Test for Detection of Free Sulfur and 
Corrosive Sulfur Compounds in Gasoline, 
as appended hereto.® This revised method 
incorporates the following: 

J. All current procedures appearing 
in D-2 specifications. 

2. A common improved method for 
preparation of the copper strip. 

3. Control of several operational 
limits currently subject to varying in- 
terpretations. 

The revised method will not attempt 
to define what interpretations are to be 
given to the differently colored strips ob- 
tained other than to repeat the criteria 
given in established A.S.T.M. specifica- 
tions under the jurisdiction of Committee 
D-2. The future program is to be directed 
toward the establishment of a graded 
series of strips based on two slightly dif- 
ferent proposals. Further consideration 
also will be given to some uniform sim- 
plification of the procedures appearing in 
the presently recommended revision of 
Method D 130. 

Subcommittee I on Pharmaceutical Tests 
(C. F. W. Gebelein, chairman) has com- 
pleted a recent cooperative program on 
Method D 937 - 47 T, Test for Penetra- 
tion of Petrolatum. In this program, the 
following items were investigated: 

1. The use of a rigid aluminum con- 
tainer to prevent surface working of 
the petrolatum. 

2. Establishment of closer limits on 
air and water bath conditioning times 
and temperatures. 

3. The establishment of reproduci- 
bility and repeatability limits. 

The changes included in this program 
have been incorporated in a fourth rev 
sion of Method D 937, as appended 
hereto. 

Subcommittee I is also recommending 
the adoption as standard of Method D 
938 - 47 T, Test for Congealing Point 
of Pharmaceutical Petrolatums, becaust 
of satisfactory acceptance of this method 
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by both consumers and producers of 
petrolatum. 

Subcommittee III on Paraffin Wax (J. 
}. Rather, Jr., chairman) completed re- 
visions of two methods under its jurisdic- 
tion, as follows: 

It has proposed revisions in Method D 
127 - 40, Test for Melting Point of 
Petrolatum, which will permit the use of 
this method with high-melting-point 
microcrystalline wax. This is in accord 
with accepted practice. The necessary re- 
visions include changes in title and scope 
and the specification of a new thermom- 
eter. 

This subcommittee has proposed the 
publication of a semi-micro Method of 
Test for Oil Content of Paraffin Wax, as 
a tentative revision of Method D 721 - 
4], Test for Oil Content of Paraffin 
Wax. The semi-micro method, as ap- 
pended hereto,’ is identical with the 
current method in procedure and mag- 
nitude of results. It differs only in sample 
sie and complexity of apparatus, and 
present indications are that it is more 
accurate than the current method. 

Subcommitlee V on Viscosity (J. C. 
Geniesse, chairman) is working on a revi- 
sion of Method D 445-46 T, Test for 
Kinematic Viscosity. The essential 
changes incorporated in this revision will 
be the deletion of the sections on calibra- 
tion as outlined in Methods A and B in 
the Appendix, and the detailing of the 
calibration procedure in Section 4. 

Subcommittee VI on Color (H. M. Han- 
cock, chairman) has prepared a simplified 
version of the Proposed Method of Test 
for Color Index of Petroleum Products 
by Photoelectric Colorimeter which was 
published in the 1947 Report of Com- 
mittee D-2.6 This simplified method is 

republished as information in Appendix V. 

_ Subcommittee VI is recommending for 

mmediate adoption two minor changes 

in Method D 156 - 38, Test for Color of 
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Refined Petroleum Oils by Means of 
Saybolt Chromometer. These additions 
are made for the purpose of formalizing- 
a sample drying procedure now used in _ 
a number of laboratories. In addition, it | 
is currently conducting cooperative work 
for the purpose of developing repeata- 
bility and reproducibility values to be 
incorporated into this method. Subcom- 
mittee VI is also attempting to improve 
the standardization of the color stand- 
ards in Method D 155 - 45 T, Test for 
Color of Lubricating Oil and Petrolatum © 
by Means of A.S.T.M. Union Colorim- 
eter. 
Subcommittee VIT on Sulfur Determina- 
tion (H. M. Hancock, chairman), in con- — 
junction with Section A of Subcommittee 
XI, is proposing, at this time, the resolu- © 
tion of the overlapping Methods D 
129 - 44, Test for Sulfur in Petroleum 
Oils by the Bomb Method, and D 
894 - 48 T, Test for Sulfur in Lubricating 
Oils Containing Additives and in Ad- © 
ditive Concentrates by Bomb Method. © 
A combination of the two methods is felt 
justified as the result of a lengthy study 
of this problem and certain revisions 
which have been made in Method D 894, 
Method D 129, revised as appended 
hereto, includes the text of Method 
D 894, with appropriate editorial 
changes. 
Subcommittee VII is also recommend- 
ing the republication of the Proposed 
Method of Test for Sulfur in Petroleum 
Products by the CO2-—O, Lamp Method, 
which was first published, as information 
only, in the 1947 Report of Committee 
D-2.6 The reasons for this request are 
that this method is being used currently 
by a large and increasing number of 
laboratories, and that the subcommittee 
wishes to add to it a supplement giving 
cooperative data which indicate the def- 
inite advantages of this method over 
Method D 90 - 47 T, Test for Sulfur in 
Petroleum Products by the Lamp-Gravi- 
metric Method. This proposed method 
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and the new supplement appear in 

Appendix VI. 

Subcommittee VIII on Distillation (E. 
W. Dean, chairman).—Section A on 

Vacuum Distillation under its new chair- 

man, J. F. Middleton, is continuing its 

investigation of the variables involved in 
the development of a standard vacuum 
distillation procedure. This program is 
proceeding slowly but successfully. 
Subcommittee XI on Determination of 
Inorganic Elements in Lubricants (C. M. 
-Gambrill, chairman) recommends: 
I. That the Proposed Method of Test 
for Sodium in Lubricating Oils and 

Lubricating Oil Additives, which was 

published as information with the 1948 

Report of Committee D-2,' be published 
_as tentative, with certain minor changes, 
and 

2. That a Method for the Determina- 
tion of Phosphorus be published as in- 
- formation which consists of a combina- 
‘ tion of the Proposed Method of Test for 

Phosphorus in Organic Material pub- 
— lished with the 1946 Report of Commit- 
tee D-2,’ for phosphorus contents of 0.5 
F per cent and above, and the test currently 
in use for phosphorus contents below 2 
per cent. This combined method appears 
in Appendix IX. 

Subcommittee XI is also working on 

a revision of Method D 808 - 44 T, for 

Chlorine in Lubricating Oils by the 
_ Bomb Method and is planning a coopera- 
- tive program with Technical Committee 
G for the determination of sulfur, chlo- 
rine, phosphorus, and lead in lubricating 
greases. 

Subcommitiee XIII on Neutralization 
Number and Saponification (H. P. Fer- 
guson, chairman) recommended the 
adoption as standard of Method D 664 - 
46 T, Test for Neutralization Value 
(Acid and Base Numbers) by Elec- 
trometric Titration. The subcommittee 
finds that this method which has been 


1 Proceedings, Am. Soc. Testing Mats., Vol. 46, p. 337 
(1946), 
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published as tentative for seven years 
represents current practices and has been 
accepted widely in the industry for the 
purpose for which it was intended. 

Subcommittee XV (Division II) on 
Measurement and Sampling (L. C. Bur. 
roughs, chairman) is in the process of 
preparing a comprehensive A.S.T.M. 
Manual on Measuring and Sampling 
Petroleum and its Products. The first 
section of this manual will contain meth- 
ods for sampling, gaging, and measuring 
the temperature of petroleum and pe- 
troleum products. This material, to- 
gether with certain auxiliary information, 
is now complete but was not available in 
time for inclusion in this report. Its 
preparation will be expedited, and, since 
the necessary recommendations will in- 
volve tentatives only, it will be referred to 
the Administrative Committee on Stand- 
ards as soon as possible. Subcommittee 
XV is proposing at this time that general 
approval be given to the publication of 
the methods prepared under its sponsor- 
ship in a bound volume, separate from 
the compilation of A.S.T.M. Standards 
on Petroleum Products and Lubricants. 

Sections D, on Units of Measurement, 
Calculations, and Tables (B. J. Heinrich, 
chairman), and E, on Tank Calibration 
(H. C. Packard, chairman), are making 
considerable progress in the preparation 
of the drafts of the remainder of this 
manual. 

Subcommittee XVI on Cloud and Pour 
Test (J. J. Giammaria, chairman) is con- 
tinuing its long-range studies for the pur- 
pose of correlating the laboratory tests 
for pour point and pour point stability 
with field performance. Sufficient infor- 
mation has now been obtained for certain 
of the pour stability tests to be written 
up in A.S.T.M. form for publication 4 
information. These drafts should be 
available within the next year. 

Subcommittee XVI is also working 
modifications of the present pour te 
equipment, an editorial revision of the 
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present Cloud and Pour Test Method, 
) 97-47, an investigation of mercury- 

pallium thermometers for use in the 
ange —70 F. to 70 F., and the repro- 
ucibility of cloud points of certain 
jiesel fuels. 

Subcommillee XVII on Plant Spray 
gis (L. Mittelman, chairman).—Cer- 
ainmembers of Subcommittee XVII are 
arrying out an informal investigation of 
he techniques of Methods D 447 - 41 
ind D 483 - 40 on the Distillation and 
Unsulfonated Residue of Plant Spray 
ils, respectively, which will enable the 
subcommittee to recommend refinements 
in these methods which will provide 
seater reproducibility. 

Subcommittee XIX on Illuminating 
Oils (E. W. Dean, chairman) is recom- 
mending that Method D 187 - 47 T, Test 
for Burning Quality of Kerosine, be 
adopted as standard again as no requests 
or suggestions for revision have been 
received. This method had previously 
been published as standard from 1927 to 
1947, when it was reverted to tentative 
inorder to provide suitable alternates for 
certain items of unobtainable equipment 
specified in this method. 

Subcommittee XX on Nomenclature 
S. $. Kurtz, Jr., chairman) is proposing 
four changes i in the definitions covering 
a definition for “naphthenic acids” and 
4 clarification of the currently overlap- 
ping terms “benzine,” “petroleum 
ether,” and “ligroine.” 

Subcommittee XXIII on Carbon Resi- 
due (F. I. L. Lawrence, chairman) is 
continuing its detailed study of the re- 
producibility and repeatability of the 
‘wo carbon residue Methods, D 189 - 46, 
Test for Carbon Residue of Petroleum 
Products (Conradson Carbon Residue), 
and D 524 - 42, Test for Carbon Residue 
of Petroleum Products (Ramsbottom 


Carbon Residue), and of the correlation 
between the two. 
* 


Subcommillee XXIV on Petroleum 
Sulfonates (C. F. W. Gebelein, chairman) 
is continuing to study Method D 855 - 46 
T, Analysis of Petroleum Sulfonates, for 
the purpose of improving its accuracy 
and of decreasing the potential hazard 
inherent in the currently used de-oiling 
solvent. 

Subcommittee XXV (Research Division 
IV) on Analysis of Petroleum Products for 
Hydrocarbon Types (S. S. Kurtz, Jr., 
chairman): 

Section A on Determination of Total | 
Olefins Plus Aromatics by Acid Treating 
(S. S. Kurtz, Jr., chairman) is recom- 
mending the publication as tentative of 
the Proposed Method of Test for Total 
Olefinic Plus Aromatic Hydrocarbons in 
Petroleum Distillates. This method was 
published as information with the 1947 
Report of Committee D-2.° This method 
was formerly part of Method D 875 - 46 
T, and is of current use as a general 
method for quantitatively determining 
total olefins and aromatics in hydrocar- — 
bon mixtures. 

Section B on Determination of Olefinic 
Unsaturation by Chemical Means (E. T. 
Scafe, chairman) has developed proce- 
dures for the determination of bromine 
number by colorimetric and electrometric 
methods which are being proposed for 
publication as information as they ap- 
pear in Appendices X and XI. It is pro- 
posing the continuance of Method D 875 
~ 46 T, Test for Olefins and Aromatics in 
Petroleum Distillates until the accept- 
ance of the methods for olefins plus aro- 
matics and bromine number mentioned 
above. 

Section C on Analysis of Hydrocarbons ~ 
by Adsorption (L. Lykken, chairman) is 
recommending the revision and continu- 
ance as tentative of Method D 936 - 47 
T, Test for Aromatic Hydrocarbons in 
Mixtures with Naphthenes and Paraffins 


_ by Adsorption with Silica Gel, as ap- 
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pended hereto.* Section C is also plan- 
ning to carry out cooperative tests on a 
fluorescent indicator procedure for the 
rapid determination of aromatics. 

Section D on Refractive Index, Disper- 
sion, and Density (H. M. Smith, chair- 
man) is proposing the adoption as stand- 
ard of Method D 941 - 47 T, Test for 
Measurement of Density of Hydrocarbon 
Liquids by the Pycnometer. This method 
is a valuable procedure for hydrocarbon 
analysis which has been widely used and 
found reliable. 

Section E on Determination of Purity 
by Freezing Point (F. D. Rossini, chair- 
man) has revised Method D 940 - 47 T, 
Test for Determination of Purity by 
Measurement of Freezing Points, by 
splitting it into two separate methods: 
Test for Measurement of Freezing Points 
for Evaluation of Purity, and Test for 
Determination of Purity from Freezing 
Points. On the basis of this work, Sub- 
committee XXV has proposed the with- 
drawal of method D 940 - 47 T and the 
publication of these two new tentatives, 
as appended hereto.° 

Section F on Spectroscopic Methods 
for the Analysis of Hydrocarbons (C. T 
Shewell, chairman) is proposing the pub- 
lication as tentative of the Proposed 
Method of Test for Benzene and Toluene 
by Means of Ultraviolet Spectropho- 
tometry, which was published as infor- 
mation with the 1948 Report of Commit- 
tee D-2.! It is also completing the prepa- 
ration of a proposed Tentative Method 
of Test for Individual Hydrocarbons 
in C, Fractions (Spectrophotometric 
Method). 

Section G on Determination of Hydro- 
gen by the Lamp Method (R. Matteson, 
chairman) is proposing the publication as 
tentative of the Method of Test for 
Hydrogen in Petroleum Fractions by the 
Lamp Method, as appended hereto.' 
This method, which is useful in the cal- 


culation of heating values and hydro. 
carbon analysis, has proved to bea very 
convenient method for the determinatio; 
of per cent hydrogen in volatile products 
such as gasoline. Cooperative data have 
shown agreement within 0.05 per cent 
hydrogen. 

Subcommittee XXV is recommending 
the withdrawal of Method D 481 - 39 
Test fur Acid Heat of Gasoline, on the 
basis ‘!.at it is not a satisfactory measure 
of a significant property of gasoline. 

Special Subcommittee on Extreme 
Pressure Properties Measurement (Harry 
Levin, chairman): 

The initial work of this group, which 
will be restricted to oils, involves the 
cooperative testing by the methods cur. 
rently employed in the laboratories of the 
cooperators. 


RECOMMENDATIONS AFFECTING STAND 
ARDS AND TENTATIVES 


The proposals of the Technical Com- 
mittees, Divisions, and Subcommittees 
as outlined above, have been discussed it 
open meetings of Committee D-2 an 
have been submitted subsequently tolet- 
ter ballot of the committee. The results 
of this ballot will be reported to the 
Society at the Annual Meeting.” Inn 
case did a proposal receive a negative 
vote of ten per cent or more. On the 
basis of these results, Committee D- 
makes the recommendations to the Soc 
ety which are contained in the following 
sections. 

Committee D-2 further proposes tha! 
these recommendations concerning th 
adoption of tentatives as standard ant 
the revisions of standards for immediat 
adoption which are approved by tit 
Society be referred to Sectional Commtt- 
tee Z11 for approval as American Stan¢- 
ards. 

™ The letter ballot vote on these wean 


was favorsble; the results of aaah vote are on 
A.S.T.M. Headquarters. 
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PgoposED METHODS TO BE PUBLISHED 
AS INFORMATION 


Committee D-2 recommends that the 
lowing proposed methods of test be 
published as information, as appended 
hereto.* 


Appendix I. Test for Micro Cone Penetration 
of Lubricating Greases 

Appendix If. Test for Apparent Viscosity of 
Lubricating Greases 

Appendix III. Definitions, Functions, Types, and 
Designations of Cutting Fluids 

Appendix IV. Carburetor Jacket for Use with 
Motor and Research Methods to Rate High 
Vapor Pressure Fuels 

Appendix V. Test for Color Index of Petroleum 
Products by Photoelectric Colorimeter 

Appendix VI. Test for Sulfur in Petroleum 
Products by the CO, - O. Lamp Method with 
Supplement 

Appendix VII. Test for Boiling Point Range of 
Polymerization Grade Butadiene 

Appendix VIII. Test for Phosphorus in Lubricat- 
ing Oils, Lubricating Oil Additives and Their 
Concentrates 

Appendix IX. Test for Bromine Number of Pe- 
troleum Distillates (Color Indicator Method) 

Appendix X. Test for Bromine Number of 
Petroleum Distillates (Electrometric Method) 


New TENTATIVES 


Committee D-2 recommends that the 
following twelve methods be accepted for 
publication as tentative. 


Tentative Methods of Test for:5 


Acetylene in Polymerization Grade Butadiene by 
Silver Nitrate Method, 

Oxygen in Butadiene Vapors by Manganous 
Hydroxide Method, 


Perorides in Butadiene by Ferrous Titanous 
Method, 
Separation of Residue from Butadiene,! 
Butadiene Dimer in Polymerization Grade 
_butadiene,! 
Nonvolatile Residue of Polymerization Grade 
Butaliene,! 
tum in Lubricating Oils and Lubricating Oil 
Additives, with a change: Section 4 (4) to 
add the words “by warming” to the end of the 
t sentence; also to change the last sentence 


*See pp. 334 to 385 


in Section 5 (c) to read: “If a precipitate forms, 
add 3 per cent hydrochloric acid until the 
precipitate just dissolves, or until the solution 
is pH 5, as indicated by the indicator paper.” 
Measurement of Freezing Points for Evaluation 
of Purity, 
Determination of Purity from Freezing Points, 
Total Olefinic and Aromatic Hydrocarbons in 
Gasoline,® 
Hydrogen in Petroleum Fractions by the Lamp i 
Method, 
Benzene and Toluene by Ultraviolet Spectro- 
photometry,! with the addition of the following 4 
new Section 13 on Precision: 


13. Results should not differ from the mean 7 
by more than the following amounts: 


| 
. | Reproduci- 
Concentration Range of Repeat bility 
Benzene and Toluene, ability Different Oper- 
per cent by weight | One Operator P 


ators and Appa- 
and Apparatus ratus 


REVISION OF TENTATIVES 


Committee D-2 recommends revision 
of the following seven tentatives as in- 
dicated: 


Tentative Specifications for: 


D 439-48 T. Gasoline, revised as follows: 


Table I.—In footnote d of this table, change _ 
the date from “1940” to “1949.” . 


Tentative Methods of: 


teristics of Steam Turbine Oil in the Presence 
of Water, revised by changing “48 hr.” to “24 
hr.” in Sections 2, 5 (c), and Note 6. 7 
D 614-48 T. Test for Knock acon Method 


D 665-47 T. Test for Rust-Preventing rence 


of Aviation Fuels by the Aviation Method, 
D 908 - 48 T. Test for Knock Characteristics of 
Motor Fuels by the Research Method, 
D 909 - 48 T. Test for Knock Characteristics 
of Aviation Fuels by the Supercharge Method, 
In the above three methods, Section 5 re- 
quires the ASTM Knock Test Reference Fuels 
to conform to the specifications in Section 217 
(a) of Supplement II of the A.S.T.M. Manual 
of Engine Test Methods for Rating Fuels. 
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The following revision in Section 217 (a) is 
recommended: 

Change the specification tolerances for den- 
sity and refractive index of ASTM isooctane 


and m-heptane from ‘“+0.00010” to 
“4000015.” 
D 937 - 47 T. Test for Penetration of Petrola- 


tum, revised as appended hereto,‘ 

D 936 - 47 T. Test for Aromatic Hydrocarbons 
in Olefin-Free Gasolines by Silica Gel Adsorp- 
tion, revised as appended hereto.‘ 


TENTATIVES CONTINUED WITHOUT 
REVISION 


Committee D-2 recommends that the 
following eleven tentatives which have 
been published for two years or longer 
without revision be continued in their 
present status: 


Tentative Methods of: 


D 90 - 47 T. Test for Sulfur in Petroleum Prod- 
ucts by the Lamp-Gravimetric Method, 

D 96 - 47 T. Test for Water and Sediment in 
Petroleum Products by Means of Centrifuge, 

D 155 — 45 T. Test for Color of Lubricating Oil 
and Petrolatum by Means of A.S.T.M. Union 
Colorimeter, 

D 611 - 47 T. Test for Aniline Points and Mixed 
Aniline Points of Petroleum Products, 

D 809 — 44 T. Chemical Analysis for Phosphorus 
in Lubricating Oils, 

D 874 - 47 T. Test for Sulfated Residue from 
New Lubricating Oils, 

D 875 — 46 T. Test for Olefins and Aromatics in 
Petroleum Distillates, 

D 892 - 46 T. Test for Foaming Characteristics 
of Crankcase Oils, 

D 939 - 47 T. Test for Saponification Number 
of Petroleum Products by Potentiometric 
Titration, 

D 942 - 47 T. Test for Oxidation Stability of 
Lubricating Greases by the Oxygen Bomb 
Method, and 

D 943 - 47 T. Test for Oxidation Characteristics 
of Inhibited Steam Turbine Oils. 


WITHDRAWAL OF TENTATIVES 


Committee D-2 recommends that the 
Tentative Method, D 894 - 48 T, Test 
for Sulfur in Lubricating Oils Containing 
Additives and in Additive Concentrates 
by Bomb Method be incorporated in 
Method D 129 - 44, Test for Sulfur in 
Petroleum Oils by ‘Bomb Method, as 


recommended earlier in this report. It 
is recommended that Designation D 894 
be discontinued. 

Committee D-2 also recommends the 
withdrawal of Tentative Method D 949 - 
47 T, Test for Determination of Purity 
by Measurement of Freezing Points 
which is being replaced by the two ney 
Tentative Methods of Test for Measure 
ment of Freezing Points for Evaluatior 
of Purity and Test for Determination of 
Purity from Freezing Points, as appended 
hereto.° 


ADOPTION OF TENTATIVES AS STANDAR’ 


Committee D-2 recommends that the 
following five tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard, four withoutre- 
vision and one with a revision as in- 
dicated: 


Tentative Methods of: 


D 187 - 47 T. Test for Burning Quality of 
Kerosine, 

D 664 - 46 T. Test for Neutralization Value 
(Acid and Base Numbers) by Electrometri 
Titration, 

D 873 - 46 T. Test for Oxidation Stability of 
Aviation Gasoline (Potential Gum Method) 
with Section 7 (d) revised to read as follows 
“(d) If visible precipitate is present in the 
oxidized gasoline, filter the gasoline throug! 
a sintered-glass crucible of fine porosity an 
save the filtrate. Wash the interior of th 
liner twice with 10-ml. portions of solvent t 
remove any insoluble gum or precipitate. Fil 
ter the washings through the crucible, add 
them to the oxidized gasoline filtrate and mi 
them thoroughly. Reserve the mixture ior 
determination of gum. Dry the crucible at 15) 
C. (302 F.) in an oven for 1 hr., cool ins 
covered vessel and weigh. Record any increase 
in weight as to quantity of visible precipitate.” 

D 938 - 47 T. Test for Congealing Point of 
Pharmaceutical Petrolatums, and 

D 941 - 47 T. Measurement of Density of Hydro 
carbon Liquids by the Pycnometer. 


TENTATIVE REVISIONS OF STANDARD 


Committee D-2 recommends that the 
semi-micro Method for Oil Content of 
Paraffin Wax, as appended hereto,’ be 
published as a tentative revision © 


Ry 

me 

ing 


q 


Standard Method D 721 - 47, Test for 
Qil Content of Paraffin Wax, with the 
view of its replacing the present text of 
Method D 721 within the next two years. 
The committee also recommends that the 
Tentative Method of Test for Free and 
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_-Thertmometer We// 
#22 


“(See Detail) \ 


Silver Solder 
All Joints 


Fic. 1.—Apparatus for Determining Gum Content of Gasoline. 


Corrosive Sulfur in Petroleum Products, 
aS appended hereto,® be published as a 
tentative revision a Standard Method 
D 130-30 which carries the same title. 


REVISIONS OF STANDARDS, IMMEDIATE 
ADOPTION 
Committee D-2 recommends for im- 


mediate adoption revisions in the follow- 
ing eight standards, and accordingly asks 


OD. Copper 
Tubing ‘Wall 


“© Bath and Air 
" Preheater Cotton or Glass 


for a nine-tenths affirmative vote at the 
Annual Meeting in order that these revi- 
sions may be referred to letter ballot of 
the Society: 

Standard Methods of: 

D 381 — 46. Test for Existent Gum in Gasoline 


| 


mm. 


t2mm 


50m m,>-timm. 
Beaker 


Wool Filter 


Beaker 


ig Brass 


To Air Supply 


(Air-Jet Evaporation Method), with a revision 
in the apparatus in Fig. 1 to include a straight- 
side beaker as shown in the accompanying 
Fig. 1. 

D 525 — 46. Test for Oxidation Stability of Gas- 
oline (Induction Period Method), with a re- _ 
vised Fig. A2, in which the outside dimensions _ 
of the container are changed from “2 in.” to 
“1}3 in.,” and the “V-shaped depressions 120 
deg. apart” are to read “V-shaped depressions 
120 deg. apart, one of which is depressed suf- __ 
ficiéntly to serve as a ‘pouring lip.” 


Flow Meter, 
not drawn 
to scale 
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- D323 - 43. Test for Vapor Pressure of Petroleum 
Products (Reid Method), revised as appended 
hereto.‘ 

_D 357 - 48. Test for Knock Characteristics of 
Motor Fuels by the Motor Method, with the 
same revision as recommended above for 

Tentative Methods D 614, D 908, and D 909. 

D 127 — 30. Test for Melting Point of Petrola- 
tum, revised as follows: 

Title.—Change to read: “Standard Method 
of Test for Melting Point of Petrolatum and 
Microcrystalline Wax.” 

Section 1.—Change to read: “This method 
of test is intended for the determination of the 
A.S.T.M. melting point of petrolatum and 
microcrystalline wax.” 

The note to this section remains unchanged. 

Section 3 (c).—Change to read: “‘(c) Ther- 
mometer—An A.S.T.M. Petrolatum Melting 
Point Thermometer graduated in either Centi- 
grade or Fahrenheit degrees as specified, hav- 
ing a range of 32 to 127 C. or 90 to 260 F. and 
conforming to the requirements for this ther- 
mometer as prescribed in Standard E 1, Spec- 
ifications for A.S.T.M. Thermometers. 

Section 4 (a).—Change the second sentence 
to read: ‘The material shall be melted slowly, 
while stirring, in a casserole or other suitable 
dish until the temperature reaches 200 F. or 
15 F. above the expected melting point, 
whichever is higher.” 

D 156 - 38. Test for Color of Refined Petroleum 
Oil by Means of Saybolt Chromometer, revised 
as follows: 

_ New Sections.—Add the following new Sec- 
tions 3 and 5, renumbering the present Section 
3 on Procedure as Section 4: 

3. Sample.—If the sample is not clear, filter 
through a sufficient number of rapid qualita- 
tive filter papers (Whatman No. 4 or equiva- 
lent) before testing. 

5. Reporting.—If the sample has been fil- 
tered, report as Saybolt color (sample filtered). 

D 129 - 44. Test for Sulfur in Petroleum Oils 
by Bomb Method, revised by the incorpora- 
tion of Method D 894 and changes in Scope 
and Sections 3, 4, and 5, as appended hereto.‘ 

D 288 — 48. Definitions of Terms Relating to 
Petroleum, revised as follows: 

Benzine.—Add the following note after this 
definition: ‘“Note.——The term ‘petroleum 
benzin’ has appeared in the U. S. Pharma- 
copoeia for many years designating a refined 
light naphtha used for extraction purposes. 
This term should only be used for material 
meeting the U. S. Pharmacopoeia specifica- 
tions. The term ‘benzin’ should never be used 
without the prefix ‘petroleum’.” . 


Add the following new definitions in the ap- 
propriate alphabetical order: 

Ligroine.—A saturated petroleum naphtha 
boiling in the range 20 to 135 C. (68 to 275 F 
and suitable for general laboratory use. 

Note.—This term should be used in place 
of “benzine” or “petroleum ether.” 

Naphthenic Acids.—Naphthenic acids are 
carboxylic acid derivatives of cycloalkane hy 
drocarbons (naphthenes). The monobasic 
acids have the general type formula C,H» 
where x is the number of rings in the molecule. 

Petroleum Ether.—This term is misleading 
and should not be used. See Ligroine. 


REAFFIRMATION OF STANDARDS 


Committee D-2 recommends the reaf. 
firmation of the following 22 standards 
which have been published for six years 
or longer without revision: 


Standard Specifications for: 
D 484 - 40. Stoddard Solvent. 


Standard Methods of: 


D 56 - 36. Test for Flash Point by Means of th 
Tag Closed Tester, 

D 87 — 42. Test for Melting Point of Paraffin 
Wax, 

D 91 -— 40. Test for Precipitation Number of 
Lubricating Oils, 

D 157 - 36. Test for Steam Emulsion of Lubricat- 
ing Oils, 

D 158 - 41. Test for Distillation of Gas Oil and 
Similar Distillate Fuel Oils, 

D 206 - 36. Abridged Volume Correction Table 
for Petroleum Oils, 

D 216 - 40. Test for Distillation of Natural 
Gasoline, 

D 219 - 36. Test for Burning Quality of Long: 
Time Burning Oil for Railway Use, 

D 239 - 30. Test for Burning Quality of Minera 
Seal Oil, 

D 240 - 39. Test for Thermal Value of Fuel 01 

D 285 - 41. Test for Distillation of Crue 
Petroleum, . 

D 286 - 30. Test for Autogenous Ignition Tem 
peratures of Petroleum Products, 

D 287-39. Test for Gravity of Petroleum an 
Petroleum Products by Means of the Hy- 
drometer, 

D 322 - 35. Test for Dilution of Crankcase is 

D 341 - 43. Standard Viscosity-Temperatu 
Charts for Liquid Petroleum Products, 

D 446 - 39. Conversion of Kinematic Visco) 
to Saybolt Universal Viscosity, 
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6 
) 447 - 41. Test for Distillation of Plant Spray the compilation of A.S.T.M. Standards 
Oils, 
) 4&3 - 40. Test for Unsulfonated Residue of °” Petroleum Products and Lubricants 


Plant Spray Oils, and will include all methods which come 
D524 - 42. Test for Carbon Residue of Petro- under this general heading which have 
leum Products (Ramsbottom Carbon Residue), 


been prepared under the sponsorship of 
) 566-42. Test for Dropping Point of Lubricat- 


the committee. 
ing Grease, and 


D 567 - 41. Calculating Viscosity Index. _ | 
This report has been submitted to let- _ | 


WITHDRAWAL OF STANDARD ter ballot of Committee D-2 which con- 

Committee D-2 recommends the with- _ sists of 100 voting members; 61 members 

drawal of Standard Method D 481 - 39, returned their ballots, of whom 57 have 
Test for Acid Heat of Gasoline. voted affirmatively and 0 negatively. 


MISCELLANEOUS RECOMMENDATIONS Respectfully submitted on behalf of 


Committee D-2 recommends that gen- 


the committee, 
eral approval be given to the publication = C. DANTSIZEN, 
ofan A.S.T.M. Manual on Measuring 


and Sampling Petroleum and its Prod- W. T. Gunn, 
ucts. This manual will be separate from Secrelary. 


Chairman. 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee D-2 presented to the So- 
ciety through the Administrative Committee on Standards the recommen- 
dation that the Tentative Method of Test for Chlorine in Lubricaing Oils iw 
Bomb Method (D 808 - 44 T) be revised. 

This recommendation was accepted by the Standards Committee on 


September 22, 1949, and the revised tentative appears in the 1949 Book of 
A.S.T.M. Standards, Part 5. 
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APPENDIX I 


PROPOSED METHOD OF TEST FOR THE DETERMINATION OF 
MICRO CONE PENETRATION OF LUBRICATING GREASE! 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


1. (a) This method describes a pro- 
cedure for the measurement of the un- 
worked (Note 1) and worked penetration 
of lubricating greases as an empirical 
measure of consistency where the quan- 
tity of grease available is too small for 
‘consistency measurements by A.S.T.M. 

Method D 217, test for Cone Penetration 
of Lubricating Grease.? The test is appli- 
cable to greases having micro penetra- 
tions up to 200.% 


Note 1.—Although this method is intended 
primarily for penetration tests on very small 
samples, the procedure for worked penetration 
is included since a comparison of the worked 
_ consistency of the unused grease with the con- 
_ sistency of small fractions of grease, obtained 
from different locations on test devices employ- 
_ing ball or roller bearings, is sometimes desired. 


(b) Unworked penetrations are af- 

_ fected by a number of factors which are 

4 difficult to control (Note 2), and do not 
generally represent the consistency of 
grease in use as effectively as worked 
penetrations which should therefore be 
preferred for evaluating lubricating 

grease, wherever practicable. 


4 Lubricants Published as information, June, 1949. 
Book of Standards, Part 5. 

or a comparison of results witn the standard cone 

of A.S.T M. Method D 217, see ‘Micro Penetration of 

Lubricat og Grease,” ASTM Buitetin, No. 147 

August, 1947, p. 81. . 


Note 2.—The unworked penetration of a 
grease may not be a reliable measure of its 
consistency in its original state of manufacture. 
Any transferring or other manipulating of 
grease subsequent to manufacture tends to 
affect the unworked penetration by amounts 
depending on the type of the grease and the 
handling it is given. 


2. (a) Micro Penetration of \ubri- 
cating grease is the depth, in tenths of 
a millimeter, that a standard micro cone 
penetrates the sample. 

(b) Working is the altering of the 
penetration of a grease by subjecting 
it to any form of agitation or shearing 
action for a significant period. 

(c) Worked Micro Penetration is the 
micro penetration of a sample of lubri- 
cating grease immediately after trans- 
ferring it to the micro test cup from the 
standard grease worker where it had 
been brought to 77 F. and subjected to 
60 strokes of the worker. 

(2) Unworked Micro Penetration 's 
the micro penetration at 77 F. of 4 
sample of lubricating grease which has 
received only the minimum handling 1 
transfer from sample cone to micro tes! 
cup and which has not been subjected 
to the action of the grease worker. 


Outline of Method 


3. The penetration is determined # 
77 F. using a penetrometer to apply the 
standard micro cone to the sample in 4 


& 
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micro cup for 5 sec. Unworked micro 
penetrations are determined on the 
sample as received. Worked micro pene- 
trations are determined immediately 
alter subjecting the sample to 60 strokes 
inthe standard grease worker. 


leased, without appreciable friction. The 
instrument shall be provided with level- 
ing screws and a spirit level to maintain 
the cone shaft in a true vertical position. 
A simplified sketch of such a penetrom- 
eter with cone attached is shown in 


‘Fig. 1. 


structed as described in detail in the 
Supplement. 

(c) Grease Worker, for manual or 
motor operation, constructed as de- 
scribed in detail in the Appendix to 
A.S.T.M. Method D 217? 

(d) Constant-Temperature Bath—A 
constant-temperature testing room or an 


(b) Micro Cone and Grease Cup — 


‘ air bath capable of regulation to 77 + 


Fic. 1—Micro Cone Penetrometer Assembly. 


Apparatus 


4. The following apparatus is required: 

(a) Penetrometer.—An instrument for 
applying the specified cone to the surface 
of the sample and for measuring the 
penetration distance at the conclusion 
of the test. It shall be so constructed 
that it permits (by means of a slow- 
Motion adjustment) the accurate place- 
ment of the tip of the cone at the level 
Surface of the sample while maintaining 
a zero” reading on the indicat: r, and so 
that it permits the cone to fall , when re- 


i F. 

(e) Spatula.—A spatula, of corrosion- 
resistant steel, having a stiff blade 1.25 
in. in width and at least 6 in. in length 
with its end cut on the square. 


Procedure for Unworked Micro Pene- 
tration 


5. (a) Sample-—A sample of grease 
of approximately 4 g. is required to fill 
the grease cup. However, a smaller 
amount may be evaluated, if the grease 
is not too soft, by using wooden plugs to — 
fill the lower part of the cup. 

(b) Preparation of Sample for Meas- — 
urement.—Place the sample and grease 
cup in the air bath and bring to 77 + 
1 F. Then transfer the grease to the 
grease cup by means of a spatula, filling 
each half of the split cylinder and taking 
care that air pockets are avoided. Then 
clamp the two halves together by means 
of the brass collar as shown in Fig, 1. 
Replace the grease cup in the air bath 
for a sufficient time (approximately 20 
min.) to compensate for any slight 
change in temperature during the filling 
period. Scrape off the excess grease 
above the rim of the cup by moving the 


blade of the spatula, held inclined toward 


4 
| 
| 
to 
i 
est 
ted 
the 
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» direction of motion at an angle of 
_ 45 deg., across the rim of the cup. 
(c) Penetration Measurement.—Place 
the cup on the penetrometer table. 
Make certain that the cone is in its 
“zero” position, and lower the cone and 
indicator assembly as a unit until the 
- tip nearly touches the surface of the 
_ sample at a point as close as possible 
to the center of the cup. Securely lock the 
cone and indicator assembly and bring 
the cone tip down to just touch the sur- 
face of the sample by means of the slow- 
“motion adjustment (Note 3). Operating 
the release mechanism rapidly, release 
_ the cone shaft and hold it free for 5 + 1 
_ sec. timing this interval with a stopwatch 
registering to 0.1 sec. (Note 4). Make 
=a that the release mechanism does 
not drag on the shaft. Then gently de- 
press the indicator shaft until it is 
stopped by the cone shaft and read the 
penetration from .the indicator scale. 


_ Nore 3.—When using a penetrometer which 
has a fixed indicator assembly and adjustable 

a table, modify the above detailed procedure to 
suit the instrument. 

Note 4.—The timing can be done con- 
veniently by starting the watch before beginning 
the test, releasing the cone shaft as the second 

_ hand crosses a unit graduation on the watch, 
and engaging the shaft of the cone when the 


_ watch indicates 5 + 0.1 sec. later. 
(d) Cleaning Cone.—Following each 


test, clean the penetrometer cone by 
wiping it carefully with a clean cloth 
while holding it securely in its raised 
- position (to avoid bending its shaft). Ro- 
tating the cone is to be discouraged, as 
it may cause wear on the release mecha- 
nism. 

(e) Additional Tests —Make a total of 
three tests on fresh portions of sample, 
and report the average value, to the 
nearest 0.1 mm. as the unworked micro 
penetration of the sample. 


Note 5.—If insufficient sample is available 
for the second and third tests, another pene. 
tration may be made on the sample in the grease 
cup. 


Procedure for Worked Micro Penetra- 
tion 

6. (a) Sample.—Sufficient sample (at 
least 1 lb.) to overfill the cup of the 
standard grease worker is required. 

(b) Working.—Transfer sufficient sam- 
ple to the cup of the clean grease worker 
to fill it heaping full (mounted up about 
0.5 in. at the center), avoidit-g the oc- 
clusion of air by packing with the spa- 
tula. Assemble the worker, and with the 
vent cock open, depress the plunger to 
the bottom. Insert the dial thermometer 
through the vent cock so that its tip is 
in the center of the grease. Place the as- 
sembled worker, and the grease cup 
in the 77 F. air bath until the tempera- 
ture of the worker, its contents, and the 
grease cup is 77 + 1 F. Then remove the 
worker from the bath, remove the 
thermometer and close the vent cock. 
Subject the grease to 60 full double 
strokes of the plunger, completed in 
about 1 min., and return the plunger to 
its top position. Open the vent cock and 
remove the top and plunger. As the pene- 
tration of a worked lubricating grease 
may change significantly on standing 
it is imperative that the operations 
described in Paragraphs (c) to (f) be 
performed without delay. 

(c) Transfer to Grease Cup.—by 
means of a spatula transfer the worked 
grease to the small grease holder, filling 
each half of the split cylinder and taking 
care that air pockets are avoided. Then 
clamp the two halves together by means 
of the brass collar as indicated in Fig. |. 
Replace the grease cup in the bath for 
sufficient time (approximately 20 min.) 
to compensate for any slight change 
temperature during the filling period 
Scrape off the excess grease extending 


of 


— 
| 


sbove the brim of the cup by moving the 
blade of the spatula, held inclined to- 


yard the direction of motion at an angle 
of 45 deg., across the brim of the cup. 

(d) Penetration Measurement.—De- 
termine the penetration of the sample as 
scribed in Section 5 (c). 

(e) Cleaning Cone.—Following each 
test, clean the penetrometer cone as de- 
cribed in Section 5(d). 

(f) Additional Tests.—Immediately 
make two more tests in succession on the 
sme worked sample by adding a new 
wupply of grease to the grease cup and 
repeating the test as described in Para- 


SUPPLEMENT 
Apparatus 


Al. Micro Cone, aluminum, consisting of a 
cone, plunger with collars and locknut conform- 
ing to the dimensions shown in Fig. 2. The 
outer surface of the cone and tip shall be given 
avery smooth finish. The weight of the cone 
shall be 5 + 0.1 g. The combined weight of the 
plunger and locknut shall be 15 + 0.1 g. 
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SMOOTH 


graphs (c) to (e). Report the average of 
the three tests to the nearest 0.1 mm. as 
the worked micro penetration of the 
sample. 


Precision 


7. Results should not differ from the 
mean by more than the following 
amounts: 


Repro- 
Repeat- duci- 
ability bility 
One Operator Different 


7 and Appa- Operators 
ratus and Ap- 
paratus 


Worked micro penetration... 4 units 7 units 
Unworked micro penetration 4 units 7 units 


A2. Grease Cup, consisting of a split brass 
bushing affixed to suitable base and a brass 
collar with set screw for holding the two halves 
together as shown in Fig. 2. This grease cup has 
a capacity of approximately 4 g. of grease but 
smaller amounts can be evaluated, if the grease 
is not too soft, by using wooden plugs to fill 
the lower part of the cup. 


206" | 


SMOOTH SURFACE 
STAINLESS — NO. 36(.107") ORILL 
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CAPACITY 4 GRAMS 


Fic, 2.—Details of Micro Cone and Grease Cup. 
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PENDIX 
« a. APPENDIX 
PROPOSED METHOD OF TEST FOR APPARENT VISCOSITY OF 
LUBRICATING GREASES! 
od This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 
-@ Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 
Scope grease move with respect to each other, 

1. This method of test describes a It is proportional to the linear velecity of 
procedure for measuring, in poises, the flow divided by the capillary radius and 
apparent viscosity of lubricating grease! thus expressed as reciprocal second: 
at room temperature (Note 1). The (d) Yield Value.—Yield value is the 
technique described is applicable to force required to produce 
all greases, but the apparatus described flow. It is indicated by the intercept on 
is limited to measurements in the range the shear stress axis of the prolongation 
of 25 to 60,000 poises at ten reciprocal of the straight portion of the curve 
seconds and 1 to 100 poises at 15,000 shear stress versus shear rate. 
reciprocal seconds. Outline of Method _ 

Norte 1.—By enclosing the apparatus in a _" 
suitably thermostated cabinet or bath it may 3. The sample is forced through « 
be used for apparent viscosity measurements capillary by means of a floating pist: 
over a wide range of temperature, but equip- actuated by the hydraulic system. Fro 
a use is not yet subject to the predetermined flow rate and t! 

force developed in the system the ap- 
Terminology : parent viscosity is calculated by means 

2. (a) Apparent Viscosity—The ap- of Poiseuille’s equation. A_ series 
parent viscosity of a lubricating grease eight capillaries and two pump spect: 
is the ratio of shear stress to shear rate f€ used to determine the appares 
calculated from Poiseuille’s equation V!Scosity at sixteen shear rates. 
is measured in poises. Since greases are Tesults are expressed as a log-log plot: 
not Newtonian, the ratio will vary with Pparent viscosity versus shear rate. “s 
shear rate (See Section 7(a)). vi 

(b) Capillary—For the purpose of Apparatus 
this method a capillary is any right 4, The assembled pressure viscometet F ,. 
cylindrical tube having a length to consists of three major divisions, tht F  ¢,, 
diameter ratio of 40 to 1. power system, the hydraulic system, 4° Bsn 

(c) Shear Rate.—Shear rate is the rate the grease system as described in . as 
at which a series of adjacent layers of Supplement and shown in Fig. 1. for 

1 This proposed method is under the jurisdiction of of such an assembly 
the A.S.T.M. Committee D-2 on Petroleum Products and Sto 
Lubricants. Published as information, June, 1949. "ig. 2. | 
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Sample 


5. (a) A single filling of the grease 
ylinder requires about 3 lb. of grease 
which is the minimum size sample (Note 


()) Generally no special preparation 
of the sample is necessary (Notes 3 and 


{ 
t)}. 


Nore 2.—It is possible for an experienced 
operator to complete the 16 single determinations 


ALTERNATE PRESSURE MANIFOLD SYSTEM 
0-60 0-100 0-600 0-2000 


SAFETY HEAD 
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Standardization 


6. (a) To calibrate the hydraulic sys- 
tem, remove the grease cylinder and re- 
place it with a 4-in. copper tube or pipet } : 
approximately 2 in. long. Select an hy- 
draulic oil of about 2,000 centistokes at 
the test temperature. Fill the system 
with hydraulic oil and circulate the oil 
until it is free of air bubbles. With the 


pump operating, quickly place a 60-ml. 


CYLINDER 


\ 
HYDRAULIC OIL 
RESERVOIR 
STRAINER J —— THERMOCOUPLE 
1/4 HP, 1750 RPM SPEED REDUCER i| 
INDUCTION 200 TO 
MOTOR PuMP 
q [EF 40 OR 64 TOOTH GEAR 


Fic. 1.—Schematic Drawing of Apparatus. 


with a single filling. However, some samples 
reach the equilibrium pressure slowly making 


‘advisable to have a sample of several pounds 
available, 


Note 3.—The apparatus “works” the sample 
‘0 some extent as it passes through the capillary. 
Somewhat better reproducibility is obtained on 
sme products if they are previously worked 
described in A.S.T.M. Method D 217, Test 
for Cone Penetration of Lubricating Grease. 


Note 4.—It is desirable to filter some greases 
° Prevent plugging the No. 8 capillary. 


"149 Book of A.S.T.M. Standards, Part 5. 


above using a needle valve in place of 


Saybolt receiving flask (A.S.T.M. 
Method D 88)* under the outlet and si- 
multaneously start the timer. Determine 
the delivery time for 60 ml. and calculate 
the flow rate in cubic centimeters per 
second assuming 1 ml. equal to 1 cc. 
Repeat this measurement for each gear 
ratio used. If pressures over 1000 psi. 
are used regularly in the grease viscosity 
measurement, calibrate the delivery as 


See Standard Method of Test for Viscosity by Means 


the Saybolt Viscosimeter ‘A.S.T.M. Designation: D 88), 
Book 


5. 
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the orifice tube and adjust it until the 
gage reads approximately 1500 lb. before 
filling the Saybolt receiving flask. Re- 
peat the calibration at regular intervals 
to determine if wear is changing the 
pump flow. 

(b) To calibrate the capillary, measure 
the length to the nearest 0.001 in. by 
means of a micrometer. Close one end 


of the capillary, flush with the end, and 
fill it with mercury. The smallest capil- 
laries may cause difficulty during the 
mercury filling operation; this may be 
minimized by drawing out a glass tube 
one end of which can be inserted into the 
capillary. Drain the mercury into a tared 
beaker and weigh to the nearest milli- 
gram. Calculate the volume by dividing 
the weight by the density of mercury at 


Fic. 2.—Photograph of Apparatus. 


the temperature used. Calculate the m.- 
dius in centimeters. 

(c) An alternate calibration method 
that may be used to check the small 
capillary radius consists of using an oil 
of known viscosity in place of the grease 
sample and following the procedure de- 
scribed in Section 7. Calculate the radius 
as follows: 


P68944 27074P 


where: 

n = viscosity of oil used at test tem 

perature, 

v/t = flow rate in milliliters per second 
determined in pump calibration, 

L = capillary length in centimetes 
and 


— 


1 
4 
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| 
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P = gagepressurein pounds persquare Procedure 
inch, 


7. (a) Charge the sample so as to re- 


BLE I.—SUGGESTED DATA SHEET FOR i i ini 
d TABLE TEST RESULTS. (Wire duce inclusion of air to a minimum. Soft 


TRATIVE TEST VALUES.) greases may be poured into the cylinder 
Sample....No. 2 Grease Temperature. ...77 F. 
November 1, 1948 R. S. or drawn up by vacuum, heavy samples 
must be hand packed. When filling the 
a a c . ° 
Is | ‘a Appar-| Shear | Shear Cap 1S removed and the piston placed 
ad = n . . . 
capil... | Served vom |Viscos-| *$' | dynes flush with the open end which is then in- 
lary ‘ool om | sq'em, serted into the sample. Vacuum is ap- 
Paps | =e | plied to the opposite end of the cylinder 
until the cylinder is fully charged with 
ware 38:3 | 76:83 | 267 61 | 16 400 grease. This must be facilitated by 
ae 120 | 21 100 tapping with a wooden block. Replace 
4....|40...| 63.5 | 1.90 | 120 230 | 27 800 pping p 
Sivas 96.5 0.89 86 480 | 41 ille 4 
| | 4 Capellazy end cap and fill the upper 
end of the cylinder above the piston with 
29.8 | 17:60 | $20" 24 | 12470 hydraulic oil. 
2...) 4...) 45.8 | 4.27 | 195 98 | 19 100 y 
| 4...| 2.26 | 135.5 195 | 26 400 Fill the entire hydraulic system with 
| | hydraulic oil. Disconnect, invert, and fill 
| 33-8 | $220 2) gage and gage connections with oil. 
0.029 | 20.9 | 14900 [311000 With the entire hydraulic system con- 
; Values in this column are predetermined. nected and completely filled with oil, 
nae Apparent Viscosity (Poises) 
vs 
Shear Rate (Sec’') 
for 
No. 2 Grease 
At 77 
5 
Ths 
tem- 10 | | 
10 100 1000 10000 
cond, Shear Rate 
jon, § Fic. 3.—Typical Chart for Apparent Viscosity versus Shear Rate. 
eters, 
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to 77 + 0.5 F. as determined by a ther- 
mocouple inserted in the capillary end 
cap. Operate the pump until oil flows 
- from the gage connection on the viscom- 
eter before reconnecting the gage. With 
the entire viscometer assembled, circu- 
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gear and again establish equilibrium. 
Record and relieve the pressure. Replace 
the No. 1 capillary with No. 2 and repeat 
these operations, repeat until each capil- 
lary has been used with both flow rates 
(Note 5). 


late hydraulic oil with the return valve 
open until all trace of air is eliminated. 
(c) With No. 1 capillary in place and 
the 40-tooth gear connected, operate the 
pump with the return valve closed until 
equilibrium pressure is obtained. Record 
the pressure. Change to the 64-tooth 


| 
300 | | = 
+—; Yield Value (Dynes per sq. cm) 
for 
276 
No. 2. Grease 
At 77 F 
250 | l¥ield Value = 12,000 Dynes per sq. cm. | 
| | TTT 
225 t 
T T 
Bee 
200 | T 
| 
175 | 
| 
= 150 
| | 
a | 
| 
| 
= 
0246 8 4 16 


18 20 22 24 26 28 30 32 34 36 


Sheor Force (Dynes per sq. cm.), in Thousands 
Fic. 4.—Typical Chart for Shearing Force versus Shear Rate. 


Nore 5.—It may be necessary to refill the 
cylinder with fresh grease when all 16 determin 
tions are made. 


Calculations 


8. (a) Calculate apparent viscosity of 
the grease as follows: 


oo 


Sey oc. 


ae 
| 
| 
we 


PROPOSED TEST FOR 


F 
n (apparent viscosity) = 5 


where: F is the shear stress and S is the 


shear rate. Therefore: 


PrR? 
F _ PxrR* 
ak’ 
where: 


P = observed pressure, and 68944 is 
used to convert pounds per square 
inch to dynes per square centi- 
meter, 

R =radius of capillary used in centi- 
meters, and 

1/t = flow rate in milliliters per second. 

(b) Calculations may be reduced to a 
minimum by preparing a table of 16 con- 
stants, one for each capillary and shear 
rate (see Table I). For example, viscosity 
with No. 1 capillary and the 40-tooth 
gear is given by the formula: 


SUPPLEMENT 


FOR GREASE SysTEM 


Al. Apparatus, The assembled pressure vis- 
cometer apparatus* consists of three major 
parts, the power system, the hydraulic system 
and the viscometer system as shown in Figs. 1 
and 2 and constructed as described in Para- 
graphs A2 to A6. 

A2. Power System consisting of a 34 hp., 1750 
‘pm. induction motor coupled to a 200 to 1 speed 
reducer. Interchangeable 40 and 64 tooth gears 
are used to drive the hydraulic pump. 

A3. Hydraulic System consisting of a gear 
pump fitted with saddle mount and 42 tooth 
drive gear;S a hydraulic oil reservoir having a 
“pacity at least equal to the grease cylinder and 
fitted with a 50-mesh screen shall be provided. 

he pump and grease cylinder shall be connected 
with high pressure valves and fittings as shown 
in Fig. 1. Means shall be provided for con- 
hecting interchangeable test gages. 


A4. Gages.—Since the gages are used only in 


‘ .* The assembled apparatus is available from the Pre- 

Scientific Co., Catalog No. 74911. 

Pr Zenith 1B, QE pump as manufactured by Zenith 
ucts, West Newton, Mass., is satisfactory. Type 


B 
provable for high temperature, type B-4408 
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follows: 
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PK 


(c) Also calculate the shear rates as 


(observed) 689442 
8Lv/t 


rR 


Sixteen rates shall be calculated for the 
eight capillaries and two flow rates. This 
- calculation need not be repeated for each 
run since it will remain constant until 
recalibration of the pump indicates a re- 
vision. 
(d) Plot a curve of apparent viscosity 
versus shear rate on log-log paper, as 
shown in Fig. 3. 


(e) Plot a curve using the shearing 


force as the abcissa and the shear 


PR 
OL’ 
rate, “Re as the ordinate and extend the 
straight portion to estimate the yield 
value as illustrated in Fig. 4. 


the middle range several are desirable to cover a 
wide variety of greases. Four gages having 
ranges of 0 to 60, 0 to 100, 0 to 600, and 0 to 
2000 Ib. have been found suitable. Alternately, 
the gages may be manifolded provided proper 
means of eliminating air from the system is em- 
ployed (See Fig. 1). 

AS. Grease Cylinder Assembly consisting of 
cylinder, floating piston and caps constructed to 
conform to the tolerances shown in Fig. 5 with 
the piston moving the entire length of the 
cylinder without appreciable friction. The cyl- 
inder shall be constructed to withstand a working 
pressure of 2000 psi. The exterior features and 
method of fastening may be modified. 

A6. Capillaries, eight of stainless steel and 
conforming to dimensions shown in Fig. 6 shall 
comprise a set; critical dimensions are the 
interior radius and length. It is essential that 
the radius of each be approximately that shown 
in Fig. 6 and that the length be 40 times the 
actual diameter. Exterior features of the 
mounting may be modified, provided proper 
protection and connection to the grease cylinder 
cap are provided. 
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(FOR THERMOCOUPLE) | 


GASKET 
Ye" COPPER | lg 16N. THREAD 
/ 240 WALL HEX. STEEL roo | 
| SEAMLESS STEEL TUBING. WELD BEFORE MACHINING . 
olmo 
oj“ 
| ala © 
| | if | 


o 
ein 


5-20 NF. THREAD — 
(FOR CAPILLARY) 


Fic. 5.—Grease Cylinder Assembly. 


af SS. SEAMLESS 


TUBING 


HEX. 
SAE ROO 


40A (actual diameter) = B(length)+0.002cm. 


Diameter A, cm. 


Capillary Number (Approximate) 
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These proposed definitions are 


DEFINITION 


Cutting Fluid (Coolant, Lubricant, etc., 
applied to cutting tools).—Any sub- 
stance applied to a cutting tool to 
assist in the cutting operation (sym- 
bol, CF). 


= flow or a blast of air, or some 
FUNCTIONS » other gas, is applied to the tool point at 


1. The cutting fluid may assist the 
cutting operation in various ways, for 
example, extend the tool life, improve the 
finish, etc. 

(a) It may, by reducing the accumula- 
tion of heat in the tool, extend the life of 
the tool for a given cutting speed or 
permit a higher cutting speed for the 
same tool life; or permit a greater feed 
resulting in greater metal removal in a 
given time; 

_(b) It may cool the tool and work and 
improve dimensional accuracy; 

(c) It may assist in breaking up the 
chips so that they may be handled and 
‘moved from the machine with greater 
ease; 

(@ It may reduce the power consump- 
lon and cutting forces; and ease the 
chips from the chip space, such as in 
‘apping, drilling, and broaching; 

‘e) It may wash chips away from the 
work, fixture, and cutter. 


of froposed definitions are under the jurisdiction 
aad Lube, -M. Committee D-2 on Petroleum Products 


cants. Published as information, June, 1949. 


APPENDIX III 


PROPOSED DEFINITIONS, FUNCTIONS, TYPES, AND DESIGNATIONS 
OF CUTTING FLUIDS! 


-Comments are solicited and should be addressed to the American 
‘Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


published as information only. 


TYPES AND DESIGNATIONS 


2. There are several commonly used 
types of cutting fluids (symbol, CF) as 
follows: 

(a) Dry Cutting (symbol, D) in which 


no liquid or solid is used, but either the 


normal or lower temperature, or some 
induced draft from the cutting area may 
assist in cooling the tool and work and 
carry away dust. 

(b) Aqueous Solutions are water (W) 
or water solutions (WS). The latter con- 
tains salts, alkalis, or water soluble 
additives, but little or no oils or soaps. 

(c) Water Soluble Oils and Pastes: 

(1) Water Emulsifiable “Soluble” 

Oils (W Sol O) are prepared fluids de- 

signed to be mixed with water to form 

emulsions (W Em) to meet the require- 
ments of each job. 
(2) Water Emulsifiable Pasles (W 

Sol P) are prepared pastes designed to 

be mixed with water to form emulsions 

(WEm) to meet the requirements of 

each job. 

(d) Emulsions (W Em) are mixtures of 
water and soluble oils or pastes in which 
the water carries combinations of oil, 
fats, wax, or chemicals in colloidal or 
finely dispersed suspension. Used as 
cutting fluids in general practice, the 
water content may range up to 100 parts 
to 1 by volume, — 
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(e) Straight Oils: 

(1) Straight Mineral Oils may con- 
sist of such oils as kerosine (Ker), or 
other low-viscosity petroleum frac- 
tions, such as mineral seal (MS), or 
higher-viscosity mineral oils (MO). 

(2) Straight Fixed (Fatty Oils) (FO) 
consist of animal, fish, vegetable, or 
synthetic equivalents. 

(f) Mixed Oils are a combination of 
straight mineral and straight fatty oils, 
such as mineral-lard (MO L) and min- 
eral-fatty oils (MO F). 

(g) Cutting Oil Bases (BO) are con- 
centrates usually designed to be blended 


such as animal, fish, or 
vegetable. 

LO Lard Oil. 

MO Mixed Oils or Mineral-fatty 
oils such as fatty oils plus 
mineral oils, for example: 
MO + FO,9-1; or MO + 
LO, 9-1. 

Base oils to be blended for 

use, for example: BO + 

10 per cent of MO is 

BO + MO, 9-1. 

Sulfurized mineral oil (170 

sec. viscosity Sayblot 


BO 
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with mineral oils to fieet specific 
requirements. 

(h) Chlorinated Mineral Oils (Cl MO) 
are mineral oils containing effective 
chlorine compounds. 

(1) Sulfurized Mineral Oils (S MO) are 
mineral oils containing effective sulfur 
compounds. 

(j) Sulfurized-Chlorinated Mineral Oils 
(S-Cl MO) are mineral oils containing 
effective sulfur and chlorine compounds. 

(k) Other elements or substances are 
also sometimes used in cutting fluids, 
such as graphite, mica, talc, phosphorous 
compounds, etc. 


SUGGESTED SUMMARIZED KEy FoR CuttING FLuips (CF) 4 
(May be used for Tabular Data, Questionnaires, etc.) 
Symbol Term Symbol Term 
D Dry cutting. Universal at 100 F.) as 
Ww Water. S MO (170 sec. viscosity) 
WS Water solutions of salts or § BO, 1-10 Sulfurized base oil blended 
alkalis. (140sec. vis- with 10 parts low-vis- 
WEm Water solution of oil, soap, cosity) cosity mineral oil to give 
or wax. a final viscosity of 140 
WSol O Water-soluble or emulsie sec. Saybolt Universal at 
able oil. 100 F. 
WSol P Water-soluble or emulsifi- YO Chlorinated mineral oil. 
able paste. S-Cl MO Sulfurized-chlorinated min- 
MO Straight mineral or petro- eral oil. 
oils. S-Cl MO, 1-5 Sulfurized-chlorinated min- 
il blended, for ex- 
FO Straight fixed or fatty oils, ong = 7 parts of 


low-viscosity mineral oil 
of 85 sec. viscosity. 
S-Cl BO, 1-15 Sulfurized-chlorinated base 


(160 sec. vis- oil blended with 15 parts 
cosity) of low-viscosity mineral 
oil to give 160 sec. vis 
cosity at 100 F. 
Gr MO Graphitic mineral oil. 
S BO Sulfurized base oil (base). 
S FO Sulfurized fatty oil (base). 


S BOMO,1-10 Sulfurized base oil blended 
with 10 parts light m- 
eraloil. 


| 
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PROPOSED CARBURETOR JACKET FOR USE WITH MOTOR AND 
RESEARCH METHODS TO RATE HIGH VAPOR PRESSURE FUELS d 


Published as Information Only 


The Division on Combustion Char- 
acteristics, of A.S.T.M. Committee D-2 
on Petroleum Products and Lubricants, 
has made available a carburetor jacket 
for rating high vapor pressure fuels with 
the Motor (D 357 — 48) and Research (D 
"8-48 T) Methods. With this equip- 
ment, high vapor pressure fuels can be 
chilled with dry ice to prevent the occur- 
rence of vapor lock in the liquid flow 
of the fuel to the carburetor jets, as 
well as to minimize the loss of light 
fractions from the fuel. It is an ad- 
ditional piece of equipment which may 
be used only with the present standard 
adjustable-level three-bowl carburetor. 
When utilizing the carburetor jacket, the 
rating procedure is the same as presently 
ecified with the exception tha‘ the 
jacket encloses the carburetor assembly 
and does not permit the use of the sight 
glass in obtaining the float level for maxi- 
mum knock, 


APPARATUS 


The carburetor jacket for rating high 
‘apor pressure fuels is available from the 
Waukesha Motor Company, Waukesha, 
Wisconsin, as Part No. GP 214-269. 
The jacket is designed for the use of dry 
ce only. Ratings are obtained in the 
10 mal manner except that the determi- 
tation of the float-level setting for 
maximum knock must be obtained 
ithout the use of the sight glass, since it 
‘completely enclosed by the jacket. In 
arder to locate the carburetor float level 
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for maximum knock when using the 
jacket, it is necessary to make successive 
settings of the adjusting screw until the 
knockmeter readings reach a peak and 
then fall off. Then the adjusting screw 
setting which will repeat the knockmeter 
peak reading must be found by trial and 
error. 


Note.—The maximum knock float-level 
setting can be obtained in the conventional 
manner through use of the sight glass by re- 
moving the part marked 109463 D and installing 
a plexiglass door at the proper level. If frosting 
of the sight glass occurs a suitable defrosting 
agent can be applied to it. Alteration of the equip- 
ment in this manner also facilitates changing of 
jets and rearranging dry ice at the bottom of 
the jacket when necessary. 


INSTALLATION 


The carburetor jacket is shipped com- — 
pletely assembled by means of sheet 
metal screws and must be dismantled 
before installation on the engine carbu- 
retor. It is not necessary to remove the 
piece marked 109463 E from the part 
number 109463 D. Installation is made 
) e carburetor assembly nearest the 
panel board. Part numbers are stamped 
on the various pieces making up the 
assembly. The jacket is attached to th 
engine as follows: 

(1) Remove the adjusting screw knob, 
support post cap and drain cock from the 
carburetor assembly nearest the panel 
board (bowl No. 1). 

(2) Install the drilled and tapped sup- 
port post cap that is provided. 
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(3) Place the smallest piece of the 
assembly, marked 109463 B, against the 
rear of the carburetor body such that the 
solid section of the piece faces the back 
and the cut-out section of the top fits into 
the carburetor body below the venturi 
section. 

(4) Place the large section, marked 
109463, around the carburetor bowl so 
that the cut-out portion will rest on the 
tank bracket. 

(5) Adjust the jacket so that the hole 
for the drain cock will line up and replace 
the drain cock. Fasten the bracket welded 
‘to the back of the large section to the 
new support post cap with the provided 
screw. This locates the jacket. 

(6) Place the remaining section, 
marked 109463 A, over the front of the 
carburetor body so that the drilled holes 

& up with the holes in the sections 
previously put into position. 

(7) Tighten the three sections to- 
gether with sheet metal screws. 

(8) Attach the extension for the ad- 
_justing screw knob to the adjusting 
_ screw, by means of the Allen set screw 

provided. Attach the adjusting screw 
knob to the lower end of the extension 
for the adjusting screw by means of the 
_ other Allen set screw provided. 

(9) Attach the front cover, 109463 D, 

to the jacket. 

(10) Place the cover marked 109463 C 
on the top. No screws are provided. 

(11) If it is necessary to change a jet or 
rearrange thé dry ice at the bottom of the 
jacket the small rectangular pijgce, 
marked 109463 E, can be detached from 
the lower half of the front cover, 
109463 D. 


PREPARATION FOR RATING SAMPLES 


Using dry ice only, place several smal 
pieces in the jacket around the carbv- 
retor body. Additional dry ice, approxi- 
mately 2} in. in length and width and 
1 in. in thickness is added in accordance 
with requirements dictated by the vapor 
pressure of the sample being tested. With 
a fuel having a very high vapor pressure 
it may be necessary to fill the jacket until 
level with the top of the bowl. Care 
should be taken to prevent packing of the 
ice, especially in the rear of the adjusting 
screw because this will prevent move. 
ment of the adjusting screw when ob- 
taining the float level for maximum 


knock. 


MoTor AND RESEARCH 
METHODS 


CHANGES [I 


For rating fuels having high vapor 
pressures the procedure is the same as 
presently specified for the Motor (D 357 
— 48) and Research (D 908 — 48 T) Meth- 
ods, except for the following changes: 

Method D357 - 48, Sections 6 (0) and 
12 (b) and Method D 908 - 48 T, Sec- 
tions 6 (n) and 12 (b).—Add the follow- 
ing sentence: “‘When using the jacketed 
carburetor to rate fuels having high vapor 
pressures, obtain the float level for maxi- 
mum knock without the aid of the sight 
glass.” 

Supplement I on Apparatus, Section 
112 (a).—Insert the following after the 
first sentence: “For rating fuels having 
high vapor pressures a jacket for dry 
ice may enclose the carburetor nearest 
the panel board.” 
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PROPOSED METHOD FOR DETERMINATION OF COLOR INDEX OF 
PETROLEUM PRODUCTS BY PHOTOELECTRIC COLORIMETER! 
This is a proposed method and is published as information only. 


_ Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race Street, Philadelphia 3, Pa. 


Scope 
i. This method describes a procedure 
for the photoelectric determination of a 


color index of petroleum products. It is 


designed particularly as a method for 
determining compliance with specifica- 
tion requirements for color character- 
istics of lubricating oils and products 
having similar spectral properties. It is 
not applicable to samples that show 
turbidity at room temperature or to 
materials whose spectral properties differ 
markedly from sample to sample. 


Note 1.—The color index gives a reasonably 
satisfactory correlation with results obtained by 
present A.S.T.M. visual methods applied to 
petroleum products. Figure 1 may be used to 
convert color index values to corresponding 
AS.T.M. Union color numbers (A.S.T.M. 
Method D 155, Test for Color of Lubricating 
Gil and Petrolatum by Means of A.S.T.M. 
Union Colorimeter)? with an uncertainty of 
approximately one half of an A.S.T.M. color 


! This proposed method is under the jurisdiction of the 
AS.T.M. Committee D-2 on Petroleum Products and 
Lubricants. Published as information, June, 1947; Re- 
vised, June, 1949. 

This method is a revision of the Proposed Method for 

¢termination of Color Index of Petroleum Products by 
Photoelectric Colorimeter, published as information in 
Aopendix IV to the 1947 Report of A.S.T.M. Committee 
»-2, Proceedings, Am. Soc. ‘Testing Mats., Vol. 47, p. 307 
ee It differs mainly: (/) in the substitution of the 

“| tristimulus green and blue filters for the north sky 
and violet filters, respectively, and (2) in the elimination 
‘i the red transmittance measurement and its use for 
classification of the sample as being normal or abnormal 
ws color. The historical and technical development of the 
repeectric color index method is discussed in the 
L icle “Photoelectric Measurement of a Color Index of 
auld Petroleum Products” by L. Lykken, ASTM 

LLETIN, No. 154, October, 1948, p.68 (TP 226). 

1949 Book of A.S.T.M. Standards, Part 5. 


APPENDIX 


number in most cases. The color index values 
for materials differing markedly in spectral 
properties from normal petroleum products are 
not correlatable with visual] measurements but 


they are reproducible and, for that reason, have 
utility. 


Definitions 


2. (a) Daylight Transmitiance.—The 
corrected instrument response for a 20- 
mm. layer of sample, expressed in per- 
centage transmittance, relative to that 
for distilled water and found by use of 
the tristimulus green filter specified in 
Section A3 of the Supplement. 

(b) Blue Transmittance-—The  cor- 
rected instrument response for a 20-mm. 
layer of sample, expressed in percentage 
transmittance, relative to that for dis- 
tilled water and found by use of the 
tristimulus blue filter specified in Sec- 
tion A3 of the Supplement. 

(c) Color Index.—Color index is the 
numerical value of the daylight trans- 
mittance for values from 3.0 to 95.0 per 
cent, inclusive. For daylight transmit- 
tance values above 95.0 per cent, color 
index is equal to ninety plus one tenth 
of the blue transmittance. For daylight 
transmittance values below 3.0, the color 
index is a value calculated from the day- 
light transmittance of a solution of one 
part by weight of sample in nine parts 
of colorless n-heptane, as specified in 
Section 8 (d). 
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Outline of Method 


3. By means of a specified photo- 
electric colorimeter, the daylight and 
blue transmitiances of a series of glass 
color standards (resembling light to dark 
petroleum oils) are measured relative to 
a clear glass reference standard. Calibra- 
tion graphs are prepared for the green 
and blue filters (of specified spectral 
properties) by plotting, for each filter, 


than 3.0 per cent, the measurement is 
repeated with the green filter, using a 10 
per cent solution of the sample in n-hep- 
tane, and the color index is obtained from 
an empirically derived table. 


Apparatus 


4. Photoelectric Colorimeter, Sample 
Cells, Color Filters, and Glass Color 
Standards as specified in the Supplement. 


z 
4a - + - — 
q 
= = 
30 40 $0 60 70 80 90 = 100 
PHOTCELECTRIG COLOR INDEX 
Fic. 1.—Correlation of Photoelectric Color Index with A.S.T.M. Union Color Number. 
Note.—Coaversion from photoelectric color index is generally accurate within one half of an A.S.T.M. Union Color 
number. 
the deviations between certified and  Diluent 
each glass 5. n-Heptane, essentially pure having fror 
color standard. The daylight transmit- 4 color index of 99.5 or higher. for 
tance of the sample relative to distilled Nat 
_ water is measured and the observed value Standardization of Apparatus to 7 
ls corrected by means of the appropriate 6, (q) Using the green and blue filters, Fp, 
calibration graph. The daylight trans- measure the transmittance of the glass obs 
mittance is reported as the color index olor standards listed in Table I relative ler 
of the sample for values from 3.0 to 95.0 to the clear glass reference standard; us posi 
per cent. For daylight transmittances the procedure given in Section 7 and obse 
greater than 95.0 per cent, the measure- place the standards in the cell compart the 
_ ment is repeated, using the blue filter, ment adjacent to the photocell. Obtain to | 
and the color index is calculated empiri- the difference between these observed gray 
cally. For daylight transmittances less values and the certified values furnish plot 


ng 
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by the National Bureau of Standards, 
the certified values to be obtained in 
cordance with the definitions given in 
Section A4 of the Supplement. Consider 
the apparatus unsuitable for use if the 
served transmittances differ from the 
rtified transmittances by more than the 
sermissible variations shown in Table I 


TABLE I—COLORIMETER RESPONSE 
REQUIREMENTS. 


Permissible Variations from 
N.B.S. Certified Percentage 
Standard Transmittance Values 
Green Filter; Blue Filter 
BS Me. +3 +5 
NBS NO, 14. +5 +2 
+2 
+5 +1 
+5 +2 


(Note 2). Repeat the standardization at 
monthly intervals, or more often if 
necessary, to guard against appreciable 
changes in instrument response. 


Note 2.—An instrument can in some cases 
be adjusted to meet the requirements of this 
section by appropriate manipulation of the lamp 
theostat or light reduction devices, or both. 


(b) Considering standards Nos. 12 
through 16 only, subtract the observed 
transmittances obtained relative to the 
clear glass standard with the green filter 
from the corresponding certified value 
for the color standard furnished by the 
National Bureau of Standards. Assign 
to the difference thus obtained the ap- 
Ptopriate algebraic sign; thus, if the 
observed relative transmittance is smal- 
ler than the certified value, assign a 
positive sign to the difference, and, if the 
observed transmittance is greater than 
the certified value, assign a negative sign 
o the difference. Prepare a correction 
graph (Note 3) for the green filter by 
Plotting the differences against the ob- 
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served values and connecting each 
plotted point to its neighbor with a 
straight line; draw the graph through 
zero difference at 100 per cent transmit- 
tance and through the difference between 
zero and the observed value for lamp- 
black at zero transmittance. Use the val- 
ues taken off this graph, with their alge- 
braic signs, as corrections to be applied 
to observed transmittance readings. Pre- | 
pare a similar graph for the blue filter. 


Nore 3.—If all the transmittance differences _ 
for either filter obtained in accordance with : 
Paragraph (b) are less than 0.5 unit, the appro- 
priate correction graph need not be prepared. 


Procedure 


7. (a) Adjust the colorimeter in ac- 
cordance with the manufacturer’s op- 
erating instructions so that a galvanom- 
eter deflection of 10 to 50-mm. scale 
divisions will result upon changing the 
slide wire dial from 100 to 90 per cent 
transmittance, using the green filter and 
having the instrument balanced at 100 
per cent transmittance for distilled water _ 
in the sample cell. . 

(b) Adjust the temperature of the 
sample to 25 + 5 C. (Note 4). Fill one 
of the pair of matched 20-mm. sample 
cells (Note 5) with distilled water and 
the other withsample; allowany entrained 
air bubbles to escape. Polish the outside 
surfaces of the cells with a clean, lint- 
free cloth or tissue, and place the water- 
filled cell in the colorimeter adjacent 
to the photocell. Wipe the green filter 
with a clean lint-free cloth or tissue, 
put the filter in position in the colorim- 
eter, and adjust the colorimeter to read 
100 per cent transmittance. Replace 
the water cell with the cell containing 
the sample and measure the trans- 
mittance of the sample (Note 6), 
estimating to the nearest 0.1 per cent. 
Reinsert the water cell and check the 
instrument adjustment. If this reading 
differs from 100 per cent by more than 
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0.5 per cent, readjust the colorimeter and 
_ obtain a new reading for the sample. 


Notre 4.—With proper precautions, satis- 
factory results may sometimes be obtained with 
samples that require heating to eliminate a cloud 
_ or to melt the sample. In such cases, the sample 

should not be heated over 5 C. above the cloud 
- point or 15 C. above the melting point. In any 
_ event, the method should not be used for samples 
that must be heated above 40 C. 

Note 5.—Clean the sample cells before use 
_ by immersion in chromic acid cleaning solution. 
_ Rinse thoroughly, first with distilled water and 

_ then with acetone, and dry with a stream of clean 
air. If a series of samples is being analyzed, it 

- suffices to rinse out the cell with a hydrocarbon 
solvent and then with acetone and dry. 


tane and obtain the daylight trans. 
mittance as directed in Paragraph (6). 
(e) Make all transmittance measure. 
ments with the same light intensity and 
color temperature (that is, the same ap- 
plied voltage, lamp rheostat setting 
light reduction device, etc.) as used in the 
standardization of the apparatus (Sec- 


tion 6). 


8. (a) Determine the correction for 
the observed reading, obtained as di- 
rected in Section 7, from the appropriate 
correction graph prepared as directed 


Calculation and Report 


TABLE II —DETERMINATION OF COLOR INDEX? FROM DAYLIGHT 
TRANSMITTANCE OF HEPTANE SOLUTION OF THE SAMPLE. 


He 0 1 2 3 4 5 6 7 8 9 
Wc ccnde nen encns 0.00 0.003 | 0.005 | 0.008 | 0.010 | 0.013 | 0.015 | 0.018 | 0.020 | 0.023 
SRE ASE o> 0.025 | 0.028 | 0030 | 0.033 | 0.035 | 0.038 | 0.040 | 0.043 | 0.045 | 0.048 
Marcu chacatease 0.050 | 0.053 | 0.055 | 0.058 | 0.060 | 0.063 | 0.065 | 0.068 | 0070 | 0.073 
Ben sicecdoakasenn 0.075 | 0.178 | 0.080 | 0.083 | 0085 | 0.088 | 0.090 | 0.093 | 0.095 | 0.098 
SAS 0.10 0.12 0.15 0.18 0 21 0.25 0.30 0.35 0.41 | 0.47 
eS 0.55 0.64 0.74 0.86 0.98 1.1 1.3 1.5 1.7 1.9 
2.2 2.5 2.8 3.1 3.5 4.0 cent 


@ For heptane solutions having daylight transmittances below 40, the color index is taken as 0.002517; above 40 th 


color index is based on the expression. 


Color index = antilog [2 — 7.5(2 — log /)] 


» The symbol H = daylight transmittance of the n-heptane solution of the sample, in per cent. 


Note 6.—The light passing through the 
sample may cause a change in color of unstable 
products. With such samples, the measurements 

_ should be made as rapidly as possible to mini- 
mize this effect and the degree of this instability 
should be stated in the report. 


(c) If the daylight transmittance is 
above 95.0 per cent, obtain the blue 
transmittance for the sample, using the 
blue filter and adjusting the instrument 
to a galvanometer deflection of 10 to 50- 
mm. scale divisions per 10 per cent 
transmittance units as directed in Para- 
graph (a), but use the blue filter in place 
of the green filter; otherwise proceed as 
directed in Paragraph (0). 

(d) If the daylight transmittance is 
below 3.0 per cent, prepare a solution 
consisting of one part by weight of 
sample to nine parts by weight of n-hep- 


! 


in Section 6 (6). Apply this correction to 
the observed reading and obtain the 
daylight or blue transmittance. 

(b) If the daylight transmittance of 
the sample is between 3.0 and 95.0 per 
cent inclusive, report that number to the 
closest 0.1 unit as the color index. 

(c) If the daylight transmittance 0! 
the sample is 95.1 per cent or greater 
calculate the color index from the blue 
where: 


transmittance as follows: 
B = blue transmittance in per cent. | 
Report the number so obtained to the 
nearest 0.1 unit as the color index. 
(d) If the daylight transmittance of 4 


20-mm. layer of the sample is less that 
3.0, determine the color index from Tab 


Color index = 909 + 0.1B 


| 
‘ 
- 


II using the daylight transmittance of 
the n-heptane solution of the sample. 
Report the nearest number given in 
Table Ilasthecolorindex,. = 


Precision 


e 9. The results should not differ from 
the mean by more than the following 

amounts: 
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Repeat- 

ability, Reproduci- 
One Op- ility, 

erator Different Op- 

and Ap- erators and 

Color Index paratus Apparatus 
1.0 2.0 
0.5 1.0 


Nore 7.—Results on samples that are mark- 
edly “off color” cannot in general be expected to 
show the above precision. 


Photoelectric Colorimeter: 


Al. The photoelectric colorimeter? shall con- 
form to the response requirements prescribed in 
Section 6 and shall be made up of the following 
components: 

(a) Light Source.—The light source shall 
conform to the following requirements: 

(1) The light source shall be an incandes- 
cent tungsten lamp designed to operate at a 
color temperature of approximately 3000 K. 
The lamp base shall be so constructed that the 
lamp may be reproducibly positioned and 
may be centered with respect to the optical 
elements of the colorimeter. 

(2) The colorimeter shall be equipped with 
it a constant voltage source whose output is 
the constant to + 1 percent. 

(3) The light source circuit shall contain a 
F theostat or other device to permit adjustment 


he of the color temperature of the lamp from 

approximately 2000 to 3000 K. 

) the (4) The colorimeter shall be provided with 
suitable means to dissipate the heat generated 

e of by the light source; upon continuous opera- 

ster tion for 1 hr. the temperature of the sample 

blu cell compartment shall! not be more than 5 C. 


above room temperature. 
(b) Optical System.—The optical system shall 
conform to the following requirements: 

(1) The light from the lamp shall be passed 
through an optical system that will cause it 
to be incident substantially at right angles to 

the surface of the petroleum product. 
o the (2) The filter holder shal! reproducibly posi- 
tion the specified color filters. 


Olé The Lumetron Model 402E PhotoelectricColorimeter, 

than manufactured by the Photovolt Corp., 95 Madison Ave, 
| Yew York 16, N. Y., has been found to be satisfactory for 
Table this purpose. 


APPARATUS 


(3) Means shall be provided for variably 
reducing the amount of light reaching both 
photocells without altering the spectral char- 
acteristics of the light. (Suitable means may 
consist of a series of reduction plates having 
holes of various diameters or metal screens 
having various ratios of opaque to transparent 
areas.) 

(4) The sample cell and glass calibration 
standards described in Sections A2 and A4, 
respectively, shall be supported in such a 
manner that they are reproducibly positioned 
upon random insertion. 

(5) The measuring and balance photocells 
shall be matched and of such type and re- 
sponse that the instrument will meet the re- 
quirements of Section 6. The adjustment of 
the colorimeter to read 100 per cent transmit- 
tance with distilled water in the sample cell 
shal] be made by irradiation of the balance 
photocell. 


(c) Photoelectric Circuit.—The photoelectric 
system may contain the following elements con- 
nected in a current bridge circuit: 

(/) Measuring and balance photocells. 

(2) A slide wire resistance equipped with a 
control dial graduated from 0 to 100 in units 
of 0.5 per cent transmittance, having linear 
response over the entire range. 


(3) Agalvanometer, havinga coil resistance 
of 100 + 20 ohms and a sensitivity of 0.06 + 
0.02 microamperes per millimeter scale divi- 
sion, used asa nullindicator (the photoelectric 
circuit being adjusted until the galvanometer 
shows a deflection of zero scale divisions). 

(4) A key switch that connects the galva- 


nometer to the photoelectric circuit when 
held closed. 


—— 
| 

= 
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Sample Cells: 


A2. Glass sample cells‘ shall have parallel 
planar sides and shall be of proper dimensions 
to permit use in the colorimeter employed. The 
length of the light path through the interior of 
the cell shall be 20.0 + 0.1 mm. 


Color Filters: 


A3. The light filters® shall be made of essen- 
tially plane glass, or combinations of glass, in 
which the coloring material is uniformly dis- 
persed. The filters shall retain their color indefi- 
nitely. They shall be of a suitable size and shape 
to permit use in the colorimeter employed. 
Two filters designated as green and blue shall 
be provided. These filters, in combination with 
the photoelectric colorimeter, shall yield ob- 
served transmittances of the glass color stand- 
ards that agree with the certified transmittances 
within the tolerances prescribed in Section 6. 
The spectral transmittances, T, and 7», of such 
filters required to produce exact agreement may 
be calculated from the relative spectral sensi- 
tivity, S, of the photocell, and the relative spec- 
tral irradiance, £, of the light source as follows: 


«Suitable cells, if not supplied with the colorimeter, 
may be obtained from the Klett Manufacturing Co., 177 
E. 87th St., New York, N Y.; from Fischer and Porter 
Co., 3507 Country Lane Road, Mneheoe, Pa.; or from 
Photovolt C orp., 95 Madison Ave., New York 16, N. Y. 

* The tristimulus green and blue filters supplied by the 
Photovolt Corp., 95 Madison Avenue, New York 16, N. Y., 
are satisfactory. 
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where: 
yandz = two of the tristimulus values of 
a the equal-energy spectrum (Table 
III, A.S.T.M. Method D 307, 
_ Test for Spectral Characteristics 
and Color of Objects and Mate- 
rials),® 
E. = relative spectral irradiance of 
standard illuminant, ¢ (repre- 


sentative of average daylight, 
Table I, Method D 307), and 
K, and K, = constants of any desired value 
independent of wavelength. The 
actual green and blue filters must 
have spectral transmittances of 
approximately this character. 


Glass Color Standards: 


A4. The standards shall consist of eight essen- 
tially plane, 2-in. square, glasses or combinations 
of glasses. Five of the standards duplicate 
spectral characteristics of typical petroleum 
products, two of the standards (red and green) 
serve as additional checks on the apparatus 
(Section 6), and one is a clear glass. These stand- 
ards shall be obtained from the National Bureau 
of Standards with certified daylight (7/7.)¢ and 
blue (7/T,.)e transmittances relative to the clear 
glass reference standard defined as follows: 


(T/T.)a = 5EAT/T.)AN / jE.Ad 


(T/T.). = iE, [3 > ZE.Ay 


where the instills have the same meanings as 
in Paragraph A3. 


61949 Book of A.S.T.M. Standards, Part 4. 


| 
CB 
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Scope 


1. This method describes procedures 
for the determination of total sulfur in 
concentrations above 0.002 per cent 
by weight in liquid petroleum products. 
It is intended particularly for application 
to multiple analysis of two or more sam- 
ples at the same time. The direct burn- 
ing procedure (Section 6) is applicable 
to such materials as gasoline, kerosine, 
naphtha, and other liquids that can be 
burned completely and without smoking 
inawick lamp. The blending procedure 
(Section 7) is applicable to aromatics, 
gas oils and distillate fuel oil$ naphthenic 
acids, alkyl phenols, high sulfur content 
petroleum products, and many other 
materials that can not be burned satis- 
factorily by the direct burning procedure. 
Neither procedure is suitable for accurate 
analysis of samples that contain appreci- 
able concentrations of halogens, phos- 
phorus, nitrogen, or other acid-forming 
elements. 


Nore 1—Results obtained by this method 
are expected to be identical with those obtained 
by A.S.T.M. Method D 90 - 47 T, Test for Sul- 
furin Petroleum Products by the Lamp - Gravi- 
metric Method,? within the limits of precision 
and accuracy of the two methods. This method 


A soe proposed method is under the jurisdiction of the 
Labrie Committee D-2 on Petroleum Products and 
4Oricants, 
dit Published as information, October, 1947; and with ad- 
on of Supplement B in June, 1949 
1949 Book of A.S.T.M. Standards, Part 5. 


APPENDIX VI 


PROPOSED METHOD OF TEST FOR SULFUR IN PETROLEUM 
PRODUCTS BY THE CO2-O: LAMP METHOD!? 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American © 
_ Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


is appreciably more rapid than the lamp - gravi- 
metric method when applied to routine multiple 
operations, and is generally to be preferred for 
such applications. 


Outline of Method 


2. The sample is burned in a closed 
system, using a wick-type lamp and an 
artificial atmosphere composed of 70 
per cent carbon dioxide and 30 per cent 
oxygen to prevent formation of nitrogen 
oxides. ‘The oxides of sulfur are ab- 
sorbed and oxidized to sulfuric acid by 
means of hydrogen peroxide and, after 
flushing with air to remove dissolved 
carbon dioxide, the absorbent is titrated 
with sodium hydroxide solution, = 


Apparatus 


3. The apparatus shall consist of the 
following: 

(a) Lamps, Chimneys, Absorbers, and 
Spray Traps (Fig. 1) as specified in the 
Supplement 

(b) Cotton Wicking.—Clean, unused, 
uniform, two-strand twisted cotton wick- 
ing of good quality, weighing 5 to 6 mg. 
per cm. per strand. 

(c) Manifold System consisting of a 
vacuum manifold with regulating device, 
values, etc., and a dual manifold (burner 
and chimney) supplying a gas mixture 
of approximately 70 per cent CO, and 
30 per cent Og at regulated pressures. 


y 

& 
>. 
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The vacuum manifold shall be connected 
to a pump of sufficient capacity to permit 
a steady gas flow about 3 liters per min. 
through each absorber, and to maintain 
a constant manifold pressure of approx- 
imately 40 cm. of water below atmos- 
pheric. The gas mixture in the burner 
manifold shall be maintained at a nearly 
constant pressure of 1 to 2 cm. of water. 
A suitable arrangement is described in 


To Vacuum Manifold 


Sproy Trap 


Chimney. 


CQ,-0,10 
Chimney. 


Absorber 
=> 
aw 


Sintered- 
Burners 
Lamp 


Fic. 1.—Diagrammatic Sketch of Combustion 
and Absorption Apparatus for 
Sulfur Determination. 


the Supplement, but any other similar 
system may be used. 


Reagents and Materials 


4. (a) Carbon Dioxide and Oxygen 
having purities of not less than 99.5 per 
cent, supplied in metal cylinders. ‘These 
gases shall show no detectable sulfur by 
blank determination. 

(b) Diluent—The diluent used shall 
have a sulfur content less than 0.001 
per cent, be completely miscible with the 
sample to be analyzed, and permit burn- 
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ing at a moderate rate without smoking, 
Normal heptane, isooctane, and absolute 
ethyl alcohol have been found suitable. 

(c) Hydrogen Peroxide (3 per cent) — 
Dilute c.p. H2O2 (30 per cent) with dis- 
tilled water. Store in a dark-colored 
glass-stoppered bottle. 

(d) Methyl Red Indicator Solution (0.1 
per cent).—Dissolve 0.1 g. of methyl red 
in 6 ml. of 0.05 N NaOH and dilute to 
100 ml. with distilled water. Remove 
any undissolved solids by filtration. 

(e) Standard Sodium Hydroxide Solu- 
tion (0.05 N).—Dilute 2.8 ml. of satu- 
rated NaOH solution to 1 liter, using for 
this purpose the clear saturated solution 
decanted after standing long enough to 
permit any precipitate to settle out. 
Standardize by titration against standard 
acids in the absorber in the manner de- 
scribed in Section 8. Store in a 
chemically resistant glass bottle and 
protect to minimize contamination from 
COz in the air. 


Nore 2.—The calculation of results may be 
simplified by adjusting the normality of the 
NaOH solution to 0.0624 + 0.0001. One 
milliliter of the NaOH solution then will be 
equivalent to 0.0010 g. of sulfur. ' 


q 
= 


Preparation of Apparatus 


5. (2) When the apparatus is first 
assembled, adjust the individual valves 
between the vacuum manifold and the 
spray traps so that approximately 3 liters 
of air per minute will be drawn through 
each absorber when the chimney outlets 
are open to the atmosphere, the absorber 
is charged with 30 + 2 ml. of water, and 
the pressure in the vacuum manifold is 
maintained at approximately 40 cm. of 
water below atmospheric. When all ad- 
justments have been made, remove the 
water from the absorbers. 

(6) Neutralize the HzO2 (3 per cent) 
immediately before use. As 30 ml. of 
the solution are needed, transfer to 4 
beaker multiples of 30 ml. sufficient for 
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the number of absorbers to be used 
simultaneously. Add one drop of 
methyl red indicator for each 100 ml. and 
add 0.05 N NaOH dropwise until the 
color changes from pink to yellow. 


(c) Introduce 30 + 2 ml. of the freshly 
neutralized HeO2 (3 per cent) into the 
larger bulb of each absorber. Attach 
the spray traps and chimneys and con- 
nect them to their respective manifolds 
by means of rubber tubing. Close the 
chimney openings by means of corks. 

(d) With the burner control valves 
closed, the valve to the vacuum regulator 
fully open, and the pressure in the 
vacuum manifold adjusted to approx- 
imately 40 cm. of water below atmos- 
pheric, turn on the COzg and Oz. Adjust 
the chimney manifold control valve so 
that, at the required flow through the 
absorbers, only a small stream of gas 
escapes at the pressure regulator, a small 
stream of air enters at the vacuum 
regulator, and the pressure in the 
chimney manifold is 1 to 2 cm. of water. 
Minor adjustment of the vacuum regula- 
tor and vacuum control valve may be 
necessary to achieve this condition. 


Nore 3—It is convenient to balance the 
gas flow system by regulating the pressure in the 
vacuum manifold. This is done by raising or 
lowering the air inlet tube in the vacuum regu- 
lator by sliding it in a rubber sleeve. 


(e) Thread the required number of 
burners with four 15-cm. lengths of 
cotton wicking by doubling two 30-cm. 
lengths, inserting the looped ends into 
the top of the inner tube of the burner, 
and drawing the wicking through by 
means of a metal hook. ‘Trim the wick 
a close as possible to the top of the 
burner with a pair of sharp scissors; then 
draw the wick down until the trimmed 
tdge is flush with the top of the burner 
Se Note 5). It is essential that 
thoroughly cleaned burners and new 
wicking be used for each test. 


Procedure for Direct Combustion 


6. (a) By means of a pipet, introduce 
into the flask of each burner an approx- 
imate quantity of sample as indicated in 
Table 1. Stopper the flasks with clean, 
numbered corks. Weigh each flask and 
its burner to 0.005 g. 


Nore 4.—While the stoppered flasks and 
prepared burners may all be weighed separately, 
it is usually more convenient to place each 
flask and its burner on the balance pan and ob- 
tain the combined weight in a single weighing. 


(b) Handling each lamp individually, 
insert the burner in the flask. As soon 
as the sample has risen by capillary 
action to the top of the wick, connect the 
side tube of the burner to the burner 
manifold by means of rubber tubing. 
Light the burner with a sulfur-free flame 


TABLE L 
SuLrur CONTENT, Sauce Sue 
per cent by weight 
g ml. 

10to15| 20 


(such as an alcohol lamp) and insert into 
the chimney, pinching off the connection 
between the chimney and the chimney 
manifold during the insertion if the flame 
tends to be blown out. At the same 
time, adjust the gas flow to the burner so 
that the flame is maintained at a point 
just below smoking and has a steady, 
symmetrical appearance. Continue in 
this manner until all lamps have been 
placed in the chimneys. Make any 
minor adjustment of the chimney control 
valve necessary to maintain the required 
pressure (see Section 5(d)). During 
the burning, and particularly during the 
latter stages when the flame becomes 
small, decrease the gas supply to the 
burners in order to prevent extinction of 


the flames. 
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Nore 5.—Most types of samples burn with 
a luminous yellow flame, the size and shape of 
which is dependent upon the gas flow to the 
burner, the volatility of the material, the tight- 
ness of the fit of the wick in the burner tube, and 
the position of the top of the wick relative to the 
top of the burner. It is preferable that the 
latter two variables be fixed with relation to the 
first before burning is started so that the flame 
can be controlled by variation in rate of gas 
flow. Highly volatile samples require a tight- 
fitting wick, the top of which may need to be 
several millimeters below the top of the burner, 
and in extreme cases may have to be cooled in 
ice during the burning. Less volatile materials 
require a more loosely fitting wick and require 
warming. In any case, it is essential that the 
flame burn smoothly and symmetrically and 
without jets in the inner cone or smoke on the 
outer fringes. Satisfactory combustion of ma- 
terials difficult to burn can sometimes be ob- 
tained by increasing the 0; content of the 
combustion atmosphere, but never above 40 
per cent. Materials that can not be burned 
properly under those conditions shall be burned 
by blending as described in Section 7. 


(c) When the burning of each sample 
is completed (as evidenced by the flame 
becoming small owing to depletion of the 
sample), remove the lamp from the 
chimney, extinguish the flame. shut off 
the CO;-O:3 supply to the burner and 
stopper the chimney opening. Immed- 
iately reweigh the lamp, burner, and 
numbered cork. When all combustions 
have been completed, turn off the CO2 
and O2 supplies and close the connection 
to the vacuum regulator; this will cause 
air to be drawn into the chimney mani- 
fold through the manometer. Allow air 
to be drawn through the absorbers in 
this manner for 5 min. to remove dis- 
solved COz from the absorbent; then 
close the vacuum control valve. 


Nore 6.—If it is desired to conserve the 
combustion atmosphere, the gas flow through 
each individual absorber may be turned off 
upon completion of the burning period. To 
accomplish this, pinch off the rubber tubing 
connecting the spray trap to the vacuum man- 
ifold, reduce the flow of mixed gases at the ro- 
tameters proportionately, and readjust the 
vacuum control valve and the chimney control 
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valve. When the burning of all samples has 
been completed, it is necessary to remove the 
pinch clamps and readjust the vacuum control 
valve in order to draw air at the required rate 
through the absorbers for removal of dissolved 

(d) Rinse the chimneys and spray 
traps with 30 to 40 ml. of distilled water, 
adding the rinsings to the absorbers, and 
proceed as directed in Section 8. 

(e) Blank.—Leave the chimney of the 
blank absorber (Section 5(c)) stoppered, 
and allow the CO2-Os: stream to pass 
through that absorber until all samples 
started at one time have finished burning. 
Titrate the absorber liquid as described 
below. Normally the combustion gas 
blank will be negligible, but if the blank 


TABLE IL 
Sulfur Content, Sample Size 
per cent by weight 
g. nil. 
2to 3 3 


titration is more than 0.1 ml. discard the 
determination and replace the C0; 
cylinder. 


Procedure for Blending and Combustion 


7. (a) Add 6 ml. of sulfur-free diluent 
to each flask. Stopper the flasks with 
numbered corks and weigh to 0.005 g. 
By means of a pipet, introduce into the 
flask of each burner an approximate 
quantity of sample as indicated in Table 
II; swirl to mix thoroughly and reweigh 
(see Note 4). 

Nore 7.—Alternatively, make a quantitative 


49 per cent blend of the sample in sulfur-free 
diluent and proceed as described in Section 6. 


(b) Insert the burner and burn 4 
described in Section 6 (b). Remove each 
lamp from its chimney as the flame nears 
extinction and extinguish the flame. 
Add 2 ml. of diluent, allowing the diluent 
to rinse down the walls of the 
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Sulfur, per cent by weight = ms _ 


Burn the additional diluent, and repeat 
the addition of diluent and burning one 
more time so that a total of 10 ml. of 
jiluent has been burned. 

(c) After all lamps have completed 
burning, turn off the COz2 and Oz supplies, 
close the connection to the vacuum regu- 
lator, draw air through the absorbers for 
5min., and finally close the vacuum con- 
trol valve. Rinse the chimneys and 
spray traps with 30 to 40 ml. of distilied 
water, adding the rinsings to the absor- 
bers, and proceed as directed in Section 8. 


Analysis of Absorbent 


8. Add 3 to 4 drops of methyl red in- 
dicator solution to the liquid in each 
absorber. Titrate the absorbent by 
introducing 0.05 N NaOH solution from 
a buret into the smaller bulb of the ab- 
sorber. Use a 10 ml. microburet if less 
than 10 mg. of sulfur is expected to be 
present in the absorber. Stir during the 
titration by applying suction inter- 
mittently with the mouth to the top of 
the larger bulb (preferably by means of 
ashort length of rubber tubing fitted to 
a perforated rubber stopper of appro- 
priate size). 

Nore 8—When incomplete combustion of 
the sample occurs, the absorber liquid will foam 
excessively. Also, during the titration, the 
air drawn through the absorber will have a 
characteristic taste or odor and the end point 
will be broad. In such cases, discard the de- 
termination. 

Calculation 

9. Calculate the sulfur content of the 
sample as follows: 


Apparatus: 


_ Al. Theapparatus shall consist of the follow- 
ing: 


(a) Lamp—A lamp of chemically resistant 
848s, consisting of a 25-ml. Erlenmeyer flask 
and a burner that conforms to the dimensions 

nin Fig. 2. The burner consists of two 


APPARATUS 


or, if the normality of the NaOH solution 
has been adjusted to 0.0624 + 0.0001: 


Sulfur, per cent by weight = 
p weig W Xx 10 


where: 


A milliliters of NaOH solution used 
in titrating the acid in the sample 

absorbent, 

normality of the NaOH solution, — 

and 

W = grams of sample used. 


N 


Nore 9.—When blends are used as described 
in Note 7, modify the calculations by using the 
measured aliquot portion of a sample, W. 


Precision and Accuracy 


10. (a) Results should not differ from 
the mean by more than the following 
amounts: 


| Reproduc- 
Repeatability, tability, 


Sulfur Content, One Operator |Different Opera- 


per cent by weight 


and Apparatus | tors and 
Apparatus 
0.002 to 0:25...... | 0.001 0.002 
og | 0.5 per cent | 1 per cent of 
of mean | mean 


(b) Results should not differ from the 
true value by more than the following 
amounts: 


Sulfur Content, Accuracy 
per cent by weight 
0.002 


Over 0.25............. 1 per cent of true value 


concentric glass tubes, the external tube having 
an arm, provided with standard-taper glass 
joints for connection with the flask and the 
chimney. The upper ends of both burner tubes 
shall be polished and shall have plane surfaces 
that are in the same horizontal plane. The 
burner shall have a 1-mm. opening near its 
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Glass Hooks 
/80°Apart 


25ml. Flask with 
Glass Hooks 


0.0. (Max.) 


| 
10 
| 
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20 


/ dia. Hole 5 x/0 
(Drilled) Elliptical 
Detail of Burner Hole 
| ID \ 
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S 


See Detail 
of Burner 


180° Apart 


tion is plus or minus 10 per cent to the nearest mil 
greater than 5 mm. 


$600. 


$/4/10 


Annular Space 


Three Small Glass Bead 
Supports Sealed to Both 
Inner and Outer Tubes 


Li 


a 
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Note:- 


All dimensions 
inmm. 


ro. 


454/00 


Held in Position by 
Any Suitable Support 


Fic. 2.—Detailed Drawing of Combustion and Absorption Apparatus for Sulfur Determination. 


Nore.—In the case of those dimensions for which no specific tolerances are designated above, the permissible varia- 
limeter, provided, however, that in no case shall the deviation 


360 
gl 
I 
Ars 
Ll 
| yf * 
8 fo 9 Solid Rod an 
res 
she 


PROPOSED TEST FOR SULFUR IN PETROLEUM PRODUCTS 


base to allow equalization of pressure between 
the chimney and the flask. When connected 
‘ith the chimney, the lamp shall be held in 
gsition by rubber bands or metal springs 
stretched between glass hooks on the flask 
and chimney. 

(}) Chimney—A chimney of chemically 
resistant glass conforming to the dimensions 
shown in Fig. 2, provided with standard-taper 
glass joints for connection with the burner and 
absorber. 

(c) Absorber—An absorber of chemically 
resistant glass conforming to the dimensions 
shown in Fig. 2, provided with standard-taper 
glass joints for connection with the chimney and 
gray trap. A fritted disk with average pore 
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supply system for supplying the required CO, - — 
O; mixture to the lamp assemblies is shown dia- 
grammatically in Fig. 3. The gases are sup- 
plied from commercial cylinders, the pressure 
of each gas being adjusted to 10+2 psi. by 
means of two single-stage regulating valves 
to ensure constant pressure at the flow regula- 
ting needle valves. It is necessary to pass the 
CO, through a heat exchanger installed ahead 
of the regulating valves to prevent freezing 
of the valves. The gases are passed through a 
metering system consisting of two calibrated 
rotameter flow meters to indicate the proportion 
of the two gases mixed in the surge tank. As 
many as eleven lamp assemblies can be operated 
asa unit, the throughput of the flow meters be- 


Monifold 


Pressure Regulctor 
Manometer 
i Trop 
~ Coarse 
Sintered 
Giess Piote 
[\\\ 
\ 


= rf 


Regulator 
‘ig pu) 
From 


§ 

° 

| 

| O, Supply 
Cylinder, 


=|— 


Burner Control Manifold 
Chimney Control Volve Chimney Monifoid 


Fic. 3.—Manifold and CO,-O, Supply System for Sulfur Determination. 


diameter from 150 to 200 microns shall be 
xaled in the larger of two bulbs of the absorber. 
Thefritted disk should be of such a porosity that, 
when 50 ml. of water is placed in the absorber 
and air is passed through at the rate of 3.0 liters 
perminute in the forward direction, the pressure 
differential between the two sides cf the ab- 
sorber is between 15 and 23 cm. of water and the 
airis dispersed uniformly. 
(d) Spray Trap.—A spray trap of chemically 
‘sistant glass conforming to the dimensions 
n in Fig. 2, provided with a standard- 
= glass joint for connection with the ab- 
Der, 


Manifold System—A satisfactory vac- 
uum and combustion atmosphere manifold and 


CH 


Cylinder 


ing chosen accordingly. The tubing which con- 
nects the chimney manifold to the chimneys 
should have an internal diameter not smaller 
than 1.25 cm. in order to prevent unnecessary 
restriction in gas flow. The scrubber should 
have a capacity of about 1 liter. The height of 
the liquids in the pressure and vacuum regulators 
is indicated in Fig. 3, and during operation a 
slow leak of gas through them should be main- 
tained. 

Nore 10.—In use, place 300 to 400 ml. of 
H,0; (3 per cent) in the scrubber. Since the 
manifold manometer also serves as a scrubber, 
use H,O, (3 per cent) as the manometric liquid. 
Replace weekly or whenever the volume be- 
comes less than two thirds of the original, 


Lomp Unit “Tent Flow 
\ 5 Meters 
| | | 
be 


_ program performed to compare the re- 


A.S.T.M. A.S.T.M. 
| “Method. | “Method 
AS.T.M. | pop 4,7 | D9-41T | D9 aT 
Method (blank (room or_ | (combustion 
90-41 ~ hood atmosp.ere 
scrubbed, of O2-CO2z 
- air used) for air) 
1 2 5 
Vol. | Grav.| Vol. | Grav.) Vol. | Grav 
Isooctane +  Thio- 
phene (known 
weight per cent of 
0.0998 + 0.0002)...| 0.105) 0.098) 0.105) 0.092) 0.096) 0.077, 0.096) 0.096 
Catalytically cracked 
gasoline ........ 0.058} 0.042) 0.054) 0.038 0.044 0.045) 0.039 
Commercial leaded 
gasoline (9-lb. Reid 
vapor pressure) 0.126) 0.103) 0.129) 0.099) 0.115) 0. wc 0.107) 0.099 
Commercial leaded 
asoline (12 Ib. 
“on vapor pres- | 
0.127} 0.106) 0.131} 0.109) 0.118) 0.093) 0.108) 0.099 
Thermally cracked | | | | | 
0.139) 0.128) 0.136; 0.124) 0.130) 0.103 0.124) 0.119 
Kerosine, (burning) 
rate 350 to 550 
BOT 0.046) 0.042) 0.054) 0.039' 0.042) 0.024 0.036) 0.038 
No. i fuel 0.447) 0.442) 0.431) 0.421, 0.428, 0.406, 0.427) 0.437 
Reproducibility for 
gasoline samples 0.006 0.006 0.005 0.003, 0.005 
Reproducibility for 
kerosine ......... 0.005, 0.004 - | 0.002 0.002; 0.003 
Reproducibility 
No. 1 fuel oil.. . 0.014) 0.014) | 0.004 0.003) 0.004 


Report or D-2 (APPENDIX VI) 


SUPPLEMENT B 


RESULTS GF COOPERATIVE TEST PROGRAM ON DETERMINATION OF SULFUR IN 
PETROLEUM O1Ls BY LAmMp METHODS 


The accompanying Table III sum- 
marizes the results of the cooperative 


peatability and reproducibility of A.S. 
T.M. Method D 90-41 T for Test for 
Sulfur in Petroleum Products by Lamp- 
Gravimetric Method’ with a number of 


LAMP ME’ 


alternate procedures which are being 


used. 


Conclusions: 


1. Based on the analysis of the detailed 
data submitted by the eleven partic- 


pating 


THODS. 


laboratories, 


the repeatability 


TABLE I1I.—REPORT OF COOPERATIVE PROGRAM FOR DETERMINATION OF SULFUR BY 


Sulfur Content, Weight Per Cent 


(O2z-CO2 
for air, 
sodium 
alizarin 
sulfonate 
as indi- 
cator) 


0.101 


0.430) .... 


D%0-41T 


n-heptane) 


-| Vol. 


0.446 


A.S.T.M. 
Method 


AS.TM, 
Method 
D%-41T 
(O2-COs used 
and sample 
diluted with 
n-heptane) 


(sample 
diluted 
with 


Vol. | Grav. 


0.035 .... | 
0.430 0.434 | 0.4% 
0.440% 0.44 
0.4304 0.48 
0.431% 0.4) 


0.021, 0.004, 0.002 | 


Volumetric. 
Gravimetric. Susi 

€ Proposed Method of Test for Sulfur in Petroleum Oils by Quartz Tube Combustion, Appendix VII, A.S.T-M.S# 
ards, on Pusrsiows Products and Lubricants, 1948 (one laboratory). 
4 A.S.T.M. Method D 90 - 41 T with O2-CO: substituted for air and LP. type burner used (one laboratory). 

* A.S.T.M. Method D 90 - 41 T with I.P. type burner used (one laboratory). 
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of the different lamp methods varied 
between 0.001 and 0.005 weight per 
rent sulfur. The value of 0.001 weight 
per cent for the oxygen-carbon dioxide 
procedure was measurably better than 
the other procedures. 

2. Based on the above summary, the 
reproducibility of the different lamp 
methods varied between 0.003 and 0.009 
weight per cent sulfur. The value of 


0.003 weight per cent for the oxygen- 
carbon dioxide was measurably better 
than the other procedures. 

3. There was a constant difference of 
approximately 0.01 weight per cent 
sulfur between the volumetric and grav- 
imetric methods which employed air as a 
burning medium. This difference in- 


dicates the presence of a systematic 
error. 


4 
+ 
\ 
y 
aia 
4 
tas: 


APPENDIX VII 


q 
Scope 


1. This method is intended for the 
determination of the boiling point range 
of polymerization grade butadiene. Bu- 
tadiene dimer and residue, when present, 
contribute to an abnormal rise in the 
boiling temperature and, therefore, these 
components must be removed. 


Outline of Method 


2. A 40-ml. sample is distilled in a 
specially designed Cottrell still. Boiling 
points are observed at the 2-ml. and 
0.5-ml. residual volumes. When the boil- 
ing point difference between these resid- 
ual volumes is greater than 0.4 C., the de- 
termination is repeated on a sampl> 
prepared to eliminate the interference of 
the dimer and residue. 


Apparatus 


3. (a) The apparatus shall be as- 
sembled as shown in Fig. 1 and shall 
consist of a vacuum-jacketed Cottrell 
still from which the sample can be dis- 
tilled (or evaporated by distillation). 
Complete constructional details are given 
in Snpplement A. 


1 This proposed method is under the jurisdiction of the 
A.S.T.M. Committee D-2 on Petroleum Products and 
Lubricants. Published as information, October, 149 

2 This method was developed and has been cooj erative- 
ly tested by the Butadiene Producer’s Committee on 


PROPOSED METHOD OF TEST FOR BOILING POINT RANGE OF PoLy. 
MERIZATION GRADE BUTADIENE!” 


This is a proposed method and is published as information only. 


Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race Street, Philadelphia 3, Pa. 


(b) Thermometer.—The thermometer 
shall conform to the specifications as 
given in Supplement B. ; 


Apparatus Preparation 


4. When cleaning the apparatus, care- 
fully remove the pump and clean it 
separately. Clean both still and pump 
with chromic acid cleaning solution, 
rinse thoroughly with distilled water, 
and dry in an oven. Benzene or trichloro- 
ethylene, followed by acetone, are good 
cleaning solvents to use between tests. 


Procedure 


5. (a) Invert the sample cylinder to 
allow sample to be taken from the liquid 
phase. Chill the still without the pump 
in place by rinsing with liquid sample. 
Carefully replace the pump and intro- 
duce liquid sample to the 40-ml. mark 
within plus or minus 0.5 ml. 

(b) Wipe the frost from the still with 
a dry towel, and insert the still into the 
vacuum jacket. Carefully secure the still 
and vacuum jacket with the springs. 
Insert the thermometer and adjust it so 
that the top of the mercury bulb is 
even with the outlet of the pump. 
Clamp the unit in place with the ball of 
the heater wire resting in the socket of 
the heater. ; 

(c) Turn on the heater at the begin- 
ning of the distillation to obtain boiling 
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Rubber Reserve. it appears in the Butadiene Laboratory 
Manual, Office of Rubber Reserve, as Method No. 2.1.7.2. 


the still, and adjust the boiling rate 
that the last 10 ml. of the sample 
| distill in 15 + 2 min. 
(d) Record the temperatures at the 
residual liquid volumes of 2.0 ml. and 

ml. Should the temperature rise 
etween residual volumes of 2.0 ml. and 
5 ml. be greater than 0.4C., remove 
the dimer and nonvolatile matter as de- 
ribed in A.S.T.M. Methods D 1024 
dD 1025, Tests for Butadiene Dimer 
id Nonvolatile Residue in Polymeriza- 
tion Grade Butadiene,’ and repeat the 
st as described in Paragraphs (a) to 
¢). 

(ec) Report the temperature rise to 


11949 Book of A.S.T.M. Standards, Part 5. 


pparatus: 


Al. The apparatus shall be assembled as 
hown in Fig. 1 and shall consist of the following: 

(a) Still, constructed of heat-resistant glass 
ind conforming to the dimensions shown in Fig. 
2a), The still shall be graduated as follows, start- 
ing at the bottom of the still: the first milliliter 
shall be calibrated at 0.2-ml. intervals; the next 
1) ml. at 1-ml. intervals; and the balance of the 
still at 20, 30, and 40 ml., all calibrations to be 
made with the thermometer and pump in place. 
A tungsten tip shall be sealed into the bottom of 
the still. 

(6) Lift Pump, constructed from heat-resistant 
ubing 2mm. in outside diameter and conform- 
0g to the dimensions shown in Fig. 2(b), being 
‘attened on the bottom to a diameter of 10 mm. 
\ glass ring shall be sealed on top to hold the 
oe proper distance from the thermometer 
UID. 

(6) Vacuum Jacket, constructed to conform to 
‘ne dimensions shown in Fig. 2(c), to fit over the 
wer portion of the still. A neoprene rubber 
gasket shall be provided for use between th: top 
‘the jacket and the still. The the 
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the nearest 0.1 C. If the sample was 
treated to remove butadiene dimer and 
nonvolatile matter, report results only 
for the treated sample. 


Precision 


6. Results should not differ from the 


mean by more than the following 
amounts: 
Temperat‘ire Differences, 
deg. Cent. 
Residual “a. | Re 
produci- 
Volumes Repeatability, _ bility, 
One Operator | Different 
and Apparatus | Operators and 
Apparatus 
0. 5-ml 0.1 a 
0 


still shall be held firmly together by two stainless 
steel springs. 

(d) Heating Element and Stand conforming to 
the dimensions and specifications shown in Figs. 
1 and 3 and consisting of a cartridge heater,' 
150-v. 30-w., placed.in a transite block 54 mm. 
in diameter and 64 mm. high. A copper sleeve 
and conductor tip, 6 mm. in diameter at the top, 
shall be fitted over the cartridge heater. The 
heater shall be mounted on a suitable base, 250 
mm. long, 75 mm. high, and 125 mm. wide and 
shall be wired through a toggle switch and pilot 
lamp. 

(e) Accessories.—To the base, Fig. 1, shall be 
mounted a steel rod 9 mm. in diameter and 135 
mm. high to which shall be fastened a special 
clamp that is white enameled inside and capable 
of holding the vacuum jacket securely. The clamp 
shall be open at the front so that the boiling can 
be observed. A 2-in. diameter reading glass shall 
be mounted in front of the still. The support for 
this glass may be of any convenient design so 
that the glass can be adjusted upward or down- 
ward to permit reading the thermometer at any 
temperature, 


] 


* A General Electric Co. cartridge heater No. 2A63 has 
been found satisfactory for this purpose. 
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Note.—Al! dimensions in millimeters. 


Fic. 1.—Assembled Butadiene Boiling Range kas. 


366 REPORT OF COMMITTEE D-2 (AppEeNDIx VII) 
an | 
- 27-28 OO 
Hk 
q 
\ 
7 
> | 
J 


1 1.0., approx 


tmm. Rod Approx. 
Ring to Fit 
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(b) Lift Pump. 


Kew 


SS 
re) 
68 +2 —__ 


20 
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+ 


Shoulder ~ \ 
9 o- 
A 


0.0. 
> 6 Sealed“ +1 
@ Vacuum 
Tip 
(Approx. 
Location) 


Sealed-in 
@<——Tungsten Tip 
Ball 3mm.dia. 


(a) Still (Graduated With 
Thermometer and Pump 
in Place), 


(c) Vacuum Jocket, 


Note.—All dimensions in millimeters. 


Fic. 2.—Details of Butadiene Boiling; Range Apparatus. — 


Copper Shel! and | 
Conducter Tip Over | G.£. “2n63 Cartridge 
Cartridge Heater Heater, |15-V, 30-W 


Detail of Heater 
Note.—All dimensions in millimeters. 
Fic. 3.—Details of Heater. 
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Filling above Liquid........... 
Bulb Length. .... 
Bottom of Bulb to Graduation Line at... 
Distance 
Top of Thermometer to Graduation Line 
Expansion Chamber.................... 


Graduation Lines at Each....... : 
Graduations Numbered at Each Multiple 
Scale Error at any Point when Standard- 


ized Shall not Exceed ee 


< 


© 


SUPPLEMENT B 


REQUIREMENTS FOR BUTADIENE BOILING POINT RANGE THERMOMETER 


A.S.T.M. Butadiene Boiling Point Range -_ 
mercury 

nitrogen gas 

—10 to +10 C, 

0.1C 


160 +3 mm, 
6.0 to 6.5 mm 
5.5 mm. minimum to not greater than stem diameter 
9 to 13 mm., max. 
—10C. 

28 to 36 mm, 


+10C, 

35 to 51 mm. 

long narrow type to permit heating to 100 C. Length of unchanged ca 
tween highest graduation and base of expansion chamber shall 


less than 10 mm. nepal 
plain 
0.5 C, 
q 


1.0 C. 


total 
ASTM BUTA BPR * 


ill 
be 


A.S.T.M. Butadiene Boiling Point Range Thermometer, —10 to +10C. 
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APPENDIX VIII 


PROPOSED METHODS OF TEST FOR PHOSPHORUS IN _ 
LUBRICATING OILS, LUBRICATING OIL ADDITIVES, 
AND THEIR CONCENTRATES! 

These proposed methods are published as information only. Com- 


ments are solicited and should be addressed to the American Soci- 
ety for Testing Materials, 1916 Race Street, Philadelphia 3, Pa. 


Scope 


1. These methods are applicable to 
the determination of phosphorus in un- 
ued lubricating oils, lubricating oil 
additives, and their concentrates. The 
methods are not restricted with respect 
to the type of phosphorus compounds 
that may be present—for example, tri- 
or pentavalent phosphorus compounds, 
phosphines, phosphates, phosphonates, 
phosphorus sulfides, etc.—since all are 
quantitatively converted to an aqueous 
solution of orthophosphate ion by oxida- 
tion of the sample during the course of 


analysis, 
Outline of Method 


2, Organic material in the sample is 
removed and the phosphorus is converted 
‘0 phosphate ion by oxidation with 
sulfuric acid, nitric acid, and hydrogen 
petoxide. One of two procedures is then 
lollowed: 


Ph Sections 
. otometric (Molydivanado) Method. 4 to 15 
uravimetric Method................ 4to 8 
and 
ee 16 to 22 
A sani Proposed method is under the jurisdiction of the 


M. Cummittee D 2 on Petroleum Products and 

‘eauna ed as information, October, 1949. 
renlore he by the committee that this method will 
Method of Chemical Analysis for 
us in Lubricating Oils (A.S.T.M. Designation: 
), 1949 Book of A.S.T.M. Standards, Part 5. 


. 
Lu Publish 


The photometric method is used where 
the phosphorus content is estimated to 
be under 2 per cent, and the gravimetric 
method for phosphorus contents of 2 
per cent or over. 


Purity of Reagents and Water 


3. Unless otherwise indicated, it is 
intended that all reagents shall conform 
to the specifications on analytical re- 
agents established by the Committee 
on Analytical Reagents of the American 
Chemical Society, where such specifica- 
tions are available. References to water 
shall be understood to mean distilled 
water. 


OXIDATION OF THE SAMPLE 
Scope 


4. This method describes a procedure 
for removal of organic material and sub- 
sequent conversion of phosphorus to 
phosphate ion in samples of unused lubri- 
cating oils, lubricating oil additives, and 
their concentrates. 


Outline of Method 


5. Organic material in the sample is 
removed and the phosphorus is converted 
to phosphate ion by oxidation with 
sulfuric acid, nitric acid, and hydrogen ; 


= 


_ peroxide. The residual hydrogen peroxide 
is removed by diluting with water and 
evaporating several times to dense white 
fumes. 


_ Apparatus 


6. The apparatus shall consist of the 
following: 

(a) Digestion Flasks.—Kjeldahl flasks, 
300-ml., ground-glass stoppered. 

(b) Digestion Rack.—A digestion rack 
constructed to hold one or more 300-ml. 
Kjeldahl flasks at an angle of approxi- 
mately 45 deg. in such a fashion that 
direct heat is applied only to the bottom 
of the flask and such that the body and 
neck of the flask are insulated from the 
source of heat. Approximately three 
fourths of the neck of the flask should be 
cooled by air at atmospheric tempera- 
ture, preferably by directing an air 
stream against the neck of the flask. A 
-bunsen flame or high-capacity electric 
heater are suitable heat sources. 


Reagents 


7. (a) Hydrogen Peroxide (30 per cent), 
containing no more than 0.00002 per 
cent phosphorus. 

(b) Nitric Acid (sp. gr. 1.42). 

(c) Sulfuric Acid (sp. gr. 1.84). 


Procedure 


8. (a) Weigh out a portion of the ma- 
terial to be analyzed, in accordance with 
Table I, into a 300-ml. Kjeldahl flask. 
Any convenient method of transferring 
the sample may be used as long as care 
is taken to avoid getting the sample on 
the neck of the flask (Note 1). Add 
H,SO, (3 ml. for the photometric pro- 
cedure, or 10 ml. for the gravimetric 
procedure) and a 6-mm. glass bead (Note 
2), and swirl the flask to mix the con- 
tents. 

(b) Make a blank determination fol- 
lowing the same procedure and using 
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the same amounts of all reagents and a 
similar size sample of phosphorus-free 
white oil. This blank is for use in the 
photometric method (Sections 9 to 15), 


Note 1.—In order to obtain satisfactory 
accuracy with the small amounts of phosphorus 
involved, it is necessary to take extensive pre- 
cautions in handling. The usual precautions of 
cleanliness, careful manipulation, and avoidance 
of contamination should be scrupulously ob. 
served; also, all glassware should be cleaned 
before use, with cleaning acid or by some pro- 
cedure that does not involve use of commercial 
detergents. These compounds often contain 
alkali phosphates which are strongly adsorbed 
by glass surfaces and are not removed by or. 


TABLE I.—SAMPLE SIZE. 


Approximate 
Veight of 
Sample, g. 


Precision of 
Weighing, plus 
or minus, g. 


Phosphorus Content, 
per cent 


PuotometrRic (MOLYBDIVANADO) MetHop 


0.2 0.0004 
Metuop 

2 2 0.004 

5 1 0.003 

10 0.7 0.002 

15 0.4 0.001 


dinary rinsing. It is desirable to segregate a 
special stock of glassware for use only in the 
determination of phosphorus. 

Note 2.—The volume occupied by the glass 
bead (0.1 ml.) may be ignored for ordinary work. 
Excessive bumping is encountered occasionally 
in the digestion of some organic phosphorus 
compounds. This bumping may be minimized 
by using a glass bead. Some difficulty may be 
experienced when using commercial “bumping 
aids” in obtaining a solution clear enough for 
photometric measurement of phosphorus (Sec- 
tions 8 to 14) even after centrifuging, due t 
the attrition of these “bumping aids” unde 
the vigorous digestion procedure. 


Place the flask on the digestion rac 
under a hood and warm gently with 4 
micro burner until the sample is charred. 
while cooling the neck of the flask, 
preferably by use of an air stream (Note 


mat 


ote 


), Continue heating until dense white 


iymes appear (Note 4). While boiling, 


yntinuously add 1 ml. of HNO; drop- 
ise (Note 5) to oxidize the organic 
material When the HNO; has boiled 
¢ and dense white fumes reappear, 
repeat the treatment with an additional 
i ml. of HNO; (Note 6). Continue the 
ddition of HNOs in 1-ml. increments 
itil the digestion mixture is no darker 
han a straw color, indicating that al- 
most all the organic matter has been 
xidized. 


Nore 3.—The amount of air used to cool the 
neck of the flask will at times have to be reduced 
r even shut off to allow vapors and fumes to 
cave the flask and to allow the sample to come 
dense white fumes. However, this should not 
done until the sample is in a well-decomposed 
state; the air stream should be turned on again 
ach time before the addition of the HNO, or 
H,0, (Paragraph (c)). 

Note 4.—Excessive evaporation of H.SQ, 
should be avoided to minimize any loss of 
phosphorus that may occur. Care should be 
exercised to avoid heating above the liquid level. 
Since there is some indication that with samples 
containing inorganic compounds (that is, barium 
or lead salts) there may be losses of phosphorus 
due to sintering or fusion of the phosphate and 
sulfate to the glass, it is well to examine the 
dried vessel after use to detect any opaque film 
of fused material. 

Note 5.—Unless the HNO; is added drop- 
wise, it may force excessive amounts of vapor 
from the flask and lead to loss of phosphorus- 
containing fumes. ' 

Note 6.—In order to minimize the loss of 
H,S0, in the dissolution process, it is advisable 
wot to carry the digestion mixture to dense 
lumes between additions of HNOs. 


(c) Cool the flask slightly and add 10 
drops (0.5 ml.) of HeOs. Heat until 
dense white fumes appear, and, while 
boiling, cautiously add 1 ml. of HNO; 
dropwise. When the HNO; has boiled 
of and dense white fumes reappear, 
peat the treatment with HO, and 
HNOs until the digestion mixture is 
Colorless, at which time the organic 
material will be completely oxidized. 


a” 
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Four treatments will usually suffice. 
The total amount of H,O, used should 
be noted, and the same amount used for 
each sample and the blank. 

(d) When oxidation is complete, allow 
the flask to cool, wash down the mouth 
and neck with a minimum amount of 
water (5 ml.), and mix the contents. 
Return the flask to the digestion rack 
and continue heating to the appearance 
of dense white fumes. Repeat the process 
of the addition of water and heating to 
dense fumes several times. This will re- 
move all traces of HO, (Note 7). 


Note 7.—Extreme care must be used, in 
fuming in accordance with Paragraph (d), to 
remove all traces of HO: in order that no color 
interference will be experienced when phosphorus 
is to be determined photometrically, as described 
in Sections 9 to 15. 


PHOTOMETRIC (MOLYBDIVANADO) 
METHOD 


Scope 


9. This method is intended for the 
determination of total phosphorus in 
concentrations of under 2 per cent 
(Note 8), calculated on the basis of the 
original sample, in samples treated by 
the acid-oxidation procedure described 
in Sections 4 to 8. 


Note 8.—For phosphorus concentrations of 


2 per cent and over, see Sections 16 to > - J 


Outline of Method 


10. After oxidation of organic material 
in the sample and quantitative conver- 
sion of the phosphorus to the phosphate 
ion, the acidity of the digestion mixture 
is adjusted and the mixture diluted to 
suitable volume. Solutions of ammonium 
vanadate and ammonium molybdate are 
added in the order named. The addi- 
tion of the molybdate solution to the 
acid vanadate-phosphate mixture results 
in the formation of a heteropoly acid, 
molybdivanadophosphoric acid, which is 


| 
‘ 
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yellow in color. Although the exact com- 


position of molybdivanadophosphoric 
acid is uncertain, solutions of this com- 
pound, when formed in accordance with 
carefully prescribed conditions, have 
been found to conform to the Beer- 
Lambert Law for optical transmittance 
measurements made at 420 to 470 my 
as a function of phosphorus content. 


Apparatus 


11. Photoelectric Pholtometer.—A grat- 
ing-type spectrophotometer capable of 
isolating a 5-my spectral band at 430 
and 460 muy is a suitable instrument for 
‘use in this determination. The instru- 
‘ment should be equipped with auxiliary 
facilities for handling 1, 2, and 5-cm. 
cells, and a supply of these should be 
available. Other instruments such as 
‘photoelectric filter photometers may also 
used (Note 9). 


Nore 9.—While not as desirable as photom- 
eters, visual color comparators can also be 
used, if necessary. 


Reagents 


12. (a) Ammonium Molybdate Solu- 
tion.—Dissolve 50 g. of (NH4)2MoO, in 
warm water and dilute to 1 liter. Filter 
before using. 

(b) Ammonium Vanadate Solution.— 
Dissolve 2.5 g. of NH,VOz in 500 ml. of 
hot water, add 20 ml. of HNO; (sp. gr. 
1.42), and dilute to 1 liter. 

(c) Phosphate Solution (Standard, 1 
ml.=0.1 mg. P).—Dissolve 0.4393 g. of 
_KH,PO, in water and dilute to 1 liter. 

For best work, the salt should be twice 

recrystallized and vacuum-dried before 
use. 
(d) Sulfuric Acid (sp. gr. 1.84). 


_ Preparation of Calibration Curves 


13. (a) Introduce 0, 0.4, 0.8, 1.6, 
2.4, 4.0, 4.8, 8.0, 16, 24, and 32 ml. of 
_ standard phosphate solution into 100- 
ml. ground-glass-stoppered volumetric 
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flasks. Add sufficient H,SO, of any con. 
venient concentration such that the 
final acid concentration after dilution to 
100 ml. will be 0.5 .V. Dilute to 55 to 69 
ml. and add 10 ml. each of ammonium 
vanadate solution and ammonium 
molybdate solution, in the order named, 
with adequate mixing between additions, 
Dilute to 100 ml., close with a ground- 
glass stopper, and mix thoroughly. Allow 
to stand at least 30 min. to develop the 
color. 

(b) Using the 1-cm. cell and with the 
wave length set at 460 my, adjust the 
photometer to read 100.0 per cent trans- 
mittance with the zero phosphate (re- 
agent blank) standard. Although optical 
cells are usually very closely matched, 
for best work it is recommended that 
two cells be used and that one be re- 
served for the blank; the other for the 
standard or sample solutions. Obtain 
transmittance measurements on solutions 
containing 0.4, 0.8, 1.6, 2.4, and 32 
mg. of phosphorus. These standards 
should give measurements falling be- 
tween 90 and 20 per cent respectively. 
After making a measurement, return to 
the reagent blank cell. This should 
check the 100.0 per cent setting within 
0.2 per cent. Repeat the reading of the 
standard and return to the blank. Ob- 
tain three readings in all on each stand- 
ard solution. Using semilog graph paper, 
plot the average transmittance as 4 
function of phosphorus content. The 
resultant curve should be a straight 
line. 

(c) In a similar manner, prepare call- 
bration curves at 460 my for the 2- and 
5-cm. cells, selecting concentrations from 
the series of standards that give readings 
between 20 and 90 per cent. ; 

(d) Finally, prepare a calibration 
curve for the 5-cm. cell, using a wave 
length setting of 430 my. At this wave 
length the molybdivanadophosphort 
acid has a higher optical density, and 


Pr 
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the curve obtained will have a steeper 
dope. The advantages of having this 


Jibration at the second wave length 
sre two-fold: (/) it provides increased 
gnsitivity in the region of low concen- 
tations, and (2) it provides an independ- 
ent confirmation of measurements made 
st 460 mu. Agreement between measure- 
ments at both wave lengths is a criterion 
{ the absence of interference. 

Procedure 

14. (2) To the cooled, decomposed 
ample in the Kjeldahl flask (Section 
$(d)), add by visual observation suffi- 
cient H,SO, to bring the acidity to 
approximately one half the concentra- 
tion present at the beginning of the acid- 
oxidation procedure (Section 8 (a)). This 
step may not always be necessary (Note 
10). Cool the flask and contents and 
transfer to a 100-ml. volumetric flask, 
using approximately 50 ml. of water 
(Note 11). 


Nore 10.—The acidity of the solution after 
acid oxidation is critical, since interference oc- 
curs from the appearance of an orange-yellow 
color which forms in a neutral or too acid solu- 
tion. The acidity for proper development of the 
desired color should be in the range of 0.2 N to 
10 V in H,SO, (optimum 0.5 N). Adjustment 
of acidity may not be required if the losses of 
HSO, have been kept to a minimum in the 
luming steps of the acid-oxidation procedure; 
however, it may be necessary to further evapo- 
tate H,SO, in order to bring the acidity of the 
wlution to approximately optimum normality. 

Note 11.—Extreme care must be exercised 
then adding water to HSO,. It is advisable to 
aid the water slowly, a small amount at a time, 
‘owing it to run down the side of the flask 
is adequately cooled. 


(b) Add 10 ml. each of ammonium 
vanadate solution (Note 12) and am- 
Tonlum molybdate solution. It is im- 
portant that these solutions be added in 
the order named, with adequate mixing 
“tween additions, to ensure the re- 
Moducible composition of the complex. 
Dilute to 100 ml., stopper with a ground- 
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glass stopper, and mix thoroughly. Al- 
low to stand at least 30 min. for develop- 
ment of color. This is the minimum time 
allowed before measurement. Since the 
color is stable for at least a week or 
longer, there is no maximum time limit 
before which measurements must be © 
made. 


Note 12.—Very little HO. is required to 
develop the maximum color of the vanadium- 
hydrogen peroxide complex. Any trace of H,Os 
will be evident by the reddish brown color ob- 
tained upon the addition of the vanadium re- 
agent. If such is the case the sample must be 
discarded and the acid-oxidation step will have 
to be repeated on a new sample. 


(c) If any insoluble matter is present, 
transfer a portion of the solution to 
a centrifuge tube, centrifuge at 1200 
rpm. for 5 min., and decant the clear 
supernatant liquid into the optical cell. 
If desired, a portion of the solution 
may be drawn off by means of a filter 
stick. Avoid the use of filter paper as the 
colored complex may be adsorbed on it. 

(d) If the approximate phosphorus 
content is known, transfer to the optical 
cell a portion of the clear solution that 
will give a transmittance between 30 and 
70 per cent. It is desirable to employ 
conditions such that readings fall on the 
central portion of the scale, since maxi- 
mum accuracy can not be achieved when 
galvanometer readings are either om 


high or very low. If the phosphorus | 
content is unknown, the analyst will | 
find that with experience he is able to 
select the best cell to use by visual ob- 
servation. In the case of samples that — 
prove to be too highly colored to be read 
directly, transfer an appropriate aliquot 
to another volumetric flask and dilute — 
with the reagent blank solution in order 
to maintain all the reagent concentra-_ 
tions at the proper level. Make all 
measurements at 460 my except for the 
extremely low concentrations (below 
0.25 mg. P per 100 ml.), measurements | 


— 


y 
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which shall be made at both 430 my and 
460 mu. In making the readings, adjust 
the galvanometer reading to 100.0 per 
cent with the reagent blank solution in 
the light path. Insert the sample in the 
light path, read the percentage trans- 
mittance to 0.1 per cent, and return to 
the reagent blank which should check 
the original setting within 0.2 per cent. 
Readjust to 100.0 if necessary and re- 
peat, obtaining at least three readings on 
the samples. These should agree within 
0.2 per cent. Use the average of these 
readings to obtain the phosphorus con- 
tent from the calibration curves. 

(e) Over-all Blank.—Although a re- 
agent blank solution is used in preparing 
the calibration curves, an over-all blank 
determination should be carried through 
ona sample of phosphorus-free white oil. 
‘No phosphorus should be detectable in 
such a blank. 


Calculation 


15. Calculate the percentage of phos- 
phorus as follows: 


(P, — Pr) X DX 100 
Phosphorus, per cent = efectos 
1000 x S 


where: 


P, = milligrams of phosphorus in 
_ sample read from standard curve, 
P, = milligrams of phosphorus in over- 
all blank read 
curve, 
D = dilution factor, if an aliquot is 
used (Section 14 (d)), and 
grams of sample used. 


from standard 


GRAVIMETRIC METHOD? 
Scope 
16. This method is intended for the 


cee of total phosphorus in 


2 Prepared from the “Proposed Method of Test for 

_ Phosphorus in Organic Materials (Acid-Oxidation 
q Method),” published as information in Proceedings, Am. 
Soc. Testing Mats., Vol. 46, p. 352 (1946). silo ailing 


concentrations of 2 per cent and over 
(Note 13), calculated on the basis of the 
original sample, in samples treated by 
the acid-oxidation procedure described 
in Sections 4 to 8. 


Note 13.—For phosphorus concentrations 
under 2 per cent, see Sections 9 to 15. 


Outline of Method 


17. After oxidation of organic materia] 
in the sample and quantitative conver- 
sion of the phosphorus to the phosphate 
ion, the phosphate ion is separated from 
interfering metals by precipitation as 
ammonium molybdiphosphate in nitric 
acid solution. After an ammoniacal solu- 
tion of the phosphate ion is obtained, 
the phosphorus is precipitated as mag- 
nesium ammonium phosphate, ignited, 
and weighed as magnesium pyrophos- 


phate. 
18. Electric Muffle Furnace.—The fur- 

nace shall be capable of operating over 

a variable temperature range of 200 to 


1100 C. and of maintaining a tempera- 
ture of 1050 + S0C. oe 


Reagents 


19. (a) Ammonium Hydroxide (sp. gr. 
0.90). 

(b) Ammonium Hydroxide (3:5). 
Mix 3 volumes of NH,OH (sp. gr. 0.9), 
with 5 volumes of water. 

(c) Ammonium Hydroxide (1:24). 
Mix 1 volume of NH,OH (sp. gr. 0.) 
with 24 volumes of water. 

(d) Ammonium Nitrale, NHsNOs crys 
tals. 

(e) Ammonium Nitrate Solution.—Dis 
solve 50 g. of NH,NO; in water and 
dilute to 1 liter. 

(f) Hydrochloric Acid (sp. gr. 1.18). 

(g) Magnesia Mixture.—Dissolve 
g. of MgCl.-6H20 and 100 g. of NEU 
in 500 ml. of water, add a slight excess 


Py 


| 
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of NH,OH, and allow to stand over- 
ight. Filter, make the solution just acid 
ith HCl, and dilute to 1 liter. 

(h) Molybdate Reagent.—Dissolve 100 
of (NHs)2 MoO, in 400 ml. of water. 
\dd 80 ml. of NH,OH (sp. gr. 0.90) and 
iter if a precipitate appears. Mix 400 
al. of HNOs (sp. gr. 1.42) with 600 ml. 
{ water. Prepare the ammonium molyb- 
late reagent from these solutions im- 
mediately before use by slowly mixing 
one volume of the ammonium molyb- 
date solution with two volumes of the 
diluted HNOs, while stirring rapidly. 

i) Nitric Acid (1:1).—Mix equal 
volumes of HNO; (sp. gr. 1.42) and 
water. 


Procedure for Samples Containing no 
Metals Other than Alkali Metals 


20. (a) Cool the Kjeldahl flask (Sec- 
tion 7(d)), transfer the solution to a 
40-ml. beaker, and wash the flask with 
. small portions of water until the volume 
of solution is approximately 100 ml. 
Boil the solution for 5 to 10 min., cool 
lo near room temperature, and add 
NH,OH (sp. gr. 0.90) until the solution 
s neutral to methyl red. Make the solu- 
tion acid with HCl (sp. gr. 1.18) and 
. add 1 ml. in excess. 

(b) Add 20 ml. of magnesia mixture, 
‘lowly and while stirring, and cool the 
wlution to below room temperature in 
an ice bath. Add NH,OH (sp. gr. 0.90), 
and while stirring constantly, 
' until the solution is basic. Continue 
‘tring until most of the precipitate has 
wormed (Note 14); then add 5 ml. of 
\H.OH (sp. gr. 0.90) in excess. Allow 
is- the precipitate to stand overnight, 
ilter through a weighed porcelain filter 
‘ucible of fine porosity, wash with 
\HOH (1:24), and dry in an oven. 
Place in a cool furnace, gradually raise 
a! the temperature to red heat, and ignite 
es J “1050 + 50C. for 30 to 40 min. Re- 
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peat the ignition for similar periods until 
constant weight is reached. 


Note 14.—For work of highest accuracy, it 
is generally necessary to test the precipitation 
technique on known inorganic samples. Re- 
precipitation sometimes aids in obtaining more 
accurate values. 


Procedure for Samples Containing 
Metals Other than Alkali Metals 


21. (a) Cool the Kjeldahl flask (Sec- 
tion 7(d)), add 40 to 50 ml. of water, 
cool to room temperature, and filter the 
solution through a medium-texture, ash- 
less paper. Collect the filtrate in a 500- 
ml. wide-mouth, glass-stoppered Erlen- 
meyer flask, and wash the Kjeldahl flask 
and filter paper thoroughly with water; 
discard the paper. Boil the solution for 
several minutes and cool to near room 
temperature. Add NH,OH (sp. gr. 0.90) 
until the solution is neutral to methyl 
red; then add HNO; (1:1) until the 
color just changes to red. Concentrate 
or dilute the solution to approximately 
150 ml. 

(b) Add 15 g. of NHsNOs crystals and 
swirl until dissolved. Adjust the tempera- 
ture to 35 to 40 C. and add 120 ml. of 
freshly prepared molybdate reagent. 
Stopper the flask, shake vigorously for 
4 to 6 min., and allow to stand for at 
least 2 hr., or preferably overnight. 
Filter the solution through a medium- 


texture, ashless paper. Wash the pre- 


cipitate with NH,NO; solution. Do not 
attempt to transfer all of the precipitate 


from the flask to the paper; however, — 


reserve the flask for later treatment. 
Wash the precipitate several times with 
the wash solution but do not allow the 


stream of wash solution to strike the 


funnel above the edge of the paper as 
the precipitate has a tendency to creep. 


under the funnel and dissolve the pre- 
cipitate through the paper into the 


(c) Place a clean 400-ml. beaker | 


| 
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beaker with NH,OH (3:5). Use a little 
of the NH,OH to dissolve any of the 
precipitate that remained in the flask 
set aside in Paragraph (0) and pour this 
sulution through the paper. Wash the 
flask, funnel, and paper four times with 
hot water, once with NH,OH (3:5), and 
once again with water. Discard any 
residue remaining on the paper. Evapo- 
rate the solution to a volume of 90 to 
100 ml., make the solution acid with 
HCl, and add 1 ml. in excess. Disregard 
any molybdiphosphate precipitate that 
may appear at this point. 

(d) Add 10 ml. of magnesia mixture 
slowly, while stirring, and cool the 
solution to below room temperature in 
an ice bath. Add NH,OH (sp. gr. 0.90) 
slowly, while stirring constantly, until 
the solution is basic. Continue stirring 
until most of the precipitate has formed, 
then add 5 ml. of NH,OH (sp. gr. 0.90) 


rs 
eo: 


in excess. Allow the precipitate to stand 
overnight. 

(e) Filter through a weighed porcelain 
filter crucible (fine porosity), wash with 
NH,OH (1:24), and dry in an oven, 
Place in a cool furnace, gradually raise 
the temperature to red heat, and ignite 
at 1050 + 50C. for 30 to 40 min. Re. 
peat the ignition for similar periods until 
constant weight is reached. 


Calculation 


22. Calculate the percentage of phos- 
phorus as follows: 


P X 27.84 
Phosphorus, per cent = ————— 
W 
where: 
P = grams of magnesium pyrophos- 
phate, and 


W = grams of sample used. 


= 
| 


| 
| 
© 
= 
> = 
é 
ta 
- 
+. 
. = 


PROPOSED TESTS FOR PHOSPHORUS IN LUBRICATING OILS 


— 


SUMMARY OF RESULTS OF COOPERATIVE TESTS 


The results of cooperative tests on these proposed methods for phosphorus, — 
and a statistical analysis of the data, are given in Tables II and III. 


TABLE Il.—SUMMARY OF RESULTS OF COOPERATIVE TESTS ON THE PROPOSED ACID OXIDATION | ; 
—GRAVIMETRIC METHOD FOR PHOSPHORUS. : 


} Phosphorus, per cent Phosphorus, per cent 
. 145 ample Sample Sample | Sample} Sample Sample 
Sample S-156 | S.159 S-165 S77 | $-78 $-27 S-48B 
3.32 | 9.37 | 2.07 lo { 12.82 
3.33 9.42 
3.33 21.30 10.97 12 99 
Avg....2:3.33 9.39 2.07 F 21.39 10 91 12.92 
10.94 12.83 
3.71 9.69 2.09 5 12.83 
B 3.83 9.66 2.08 
9.66 21.92 10.98 |(a) 13.08¢ 
Avg.....3.77 9.67 2.09 21.85 10.97 13.10 
G 22.06 11.13 13.07 
3.38 9.47 22.00 11.11 |(b) 13.26 
3.37 9.50 2.00 13.04 
Avg.....3.38 | 9.49 | 2.03 13.29 
3.16 9.44 2.07 H { 22.09 10.98 13.11 
3.21 9.50 21.86 10.96 13.10 
Avg.....3.19 9.47 2.09 
22.00 11.06 13.08 
{ 3.40] 9.75 | 2.764 22.05 | 11.10 13.11 
E... 3.41] 9.64 | 2.804 10.91 
(|Avg.....3.41 | 9.70 | 2.78 | K.......... 10.87 
10.81 
3.39 9.61 2.10 : 10.89 
F 3.33} 9.79 | 2.11 11.01 
Avg... . .3.36 9.70 2.11 
{ 13.00 
3.40 9.93 2.02 13.00 
G 3.48 | 9.36 | 1.98 
Avg... ..3.44 9.64 2.00 10.97 
10.91 
10.94 
Summary :¢ Summary :° 
16 16 12 | 10 19 18 
_ 3.40 9.57 21.85 10.969 13.025 
% 0.165 0.169 0.041 9.083 0.142 
100 op/p a. 4.84 1.77 2.01 | 100 ap/p... 1.28 0.76 1.09 
Low range reported in Lykken’s letter of September 3, 1946. 
High range reported in Lykken’s letter of October 8, 1945. 
The symbols used in this summary are defined as follows: 
N = number of individual determinations averaged, 
P = arithmetic average, 
% = standard error of an individual determination (root mean square), and 


= percentage variation. 
oy alue not included in statistical analysis. 
(a-b) Different operators. 
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TABLE III.—SUMMARY OF RESULTS OF COOPERATIVE TESTS ON THE PROPOSED ACID OXIDATION 
—MOLYBDIVANADO METHOD FOR PHOSPHORUS. : 


Laboratory 


Report or Commirrer D-2 (APPENDIX VIII) 


Sample 7-9786 Sample 7-9787 Sample 7-9788 
0.0004 0.0034 0.0200 0. 
0.0004 0.0031 0.0191 0. 
0.0005 0.0029 0.0197 0. 
B { 0.00136 0.0209° 0. 
0.00037 0.00261 0.0199 0. 
Cc 0.00053 0.00248 0.0196 0. 
0. 
0.0005 0.00250 0.0200 0. 
0.0004 0.00203 0.0210 0. 
0.0002 0.00250 0.0200 0. 
Could not de- 0.0024 0.0196 0. 
termine 0.0023 0.0187 0. 
0.0019 0.0187 0. 
0.0004 0.0029 0.0201 0. 
F 0.0004 0.0029 0.0198 0. 
0.0019 
G { 0.000” 0.0034 0.0198 0. 
0.000" 0.0025 0.0194 0. 
0.00032 0.0023 0.0186 0. 
H 0.00032 0.0024 0.0184 0. 
0.00013 
0.00034 0.00271 0.0182 
0.00027 0.0199 
Could not de- 0.0020 0.0202 
0.0026 0.0211 
0.00005 0.00241 0.0204 
0.00014 0.00228 0.0202 
0.00020 0.00234 0.0202 
0.0003 0.0022 0.0200 
L 0.0023 0.0198 
0.0022 
Blended to........... 0.0003° 0.0020 0.020 
Summary 
22 30 29 
0.000327 0.00248 0.0197 
0.000123 0.000436 0.000724 
37.6 17.6 3.68 
The symbols used in this summary are defined as follows: 
"2 = number of individual determinations averaged, 
P = arithmetic average, ’ 
oD _ = standard error of an individual determination (root mean square), and 


100 ap/p percentage variation. 
6 Value not included in statistical analysis. 


© 40.0001. By centrifuge method. No phosphorus added. 


Sample 7-9799 


1.93 
| 1.945 
1.962 
1.935 
9 1.920 
I 5 1.961 
| 
1.91 
| 1.85 
1.80 
1.85 
1.84 
1.81 
1.96 
1.96 
} 1.91 
1.92 
) 1.85 
} 1.89 
1.87 
) 1.94 
1.93 
1.97 
2.01 
1.95 
2.03 
| 1.932 
| 1.928 
1.926 
) | 2.06 
) 2.06 
; | 2.00 
2.0 
33 
1.93 
478 0.0632 
3.27 
4 
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APPENDIX IX 


PROPOSED METHOD OF TEST FOR BROMINE NUMBER OF — 
PETROLEUM DISTILLATES (COLOR INDICATOR METHOD)! 
This is a proposed method and is published as information only. 


Comments are solicited and should be addressed to the American 
any for Testing Materials, 1916 Race St. eens 3, Pa. 


Scope 
- 


1. (a) This method is ‘intended for 
‘he determination of the bromine num- 
a of petroleum distillates that are 
stantially free of material lighter 
un isobutane and that have 90 per 
ent distillation points under 620 F. 
[ne method is generally applicable to 
uaterials that fall within the following 
mits: 


STM. 90 per cent 


— Point, Bromide Number, 
eg. max. 
100 


(b) Because of the variable reactivity 
if olefins, the bromine number ob- 
‘ained On various petroleum distillates 
snot an absolute measure of the olefins 
present but rather a criterion of certain 
poperties of the material tested. It is 
snown that high bromine numbers are 
‘tained with polymer gasolines and 
‘nose containing highly branched olefins 
it diolefins. Also, samples containing 
aithracene-type aromatics or sulfur 
“mpounds react to a certain extent 
‘ith bromine under the conditions of 
‘e test. Thus, when bromine numbers 
“¢ converted to olefins, the values 
‘tained may not be definite and may 
‘aty from case to case unless the com- 


“sition of the material tested is well 
‘tablished. 


4s ‘This proposed method is under the jurisdiction of the 
hy ommittee D-2 on Petroleum Products and 
Published as information, October, 1949. 
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Definition 


2. Bromine Number is the number of 


grams of bromine consumed by 100 g. 
of the sample when reacted under given 
conditions. 


Outline of Method 


3. The sample, dissolved in carbon 
tetrachloride, is treated at room tem- 
perature with an excess of bromide - 
bromate solution in the presence of 
glacial acetic acid. The excess bromine 
is reduced with potassium iodide and 
the liberated iodine determined by titra- 
tion with sodium thiosulfate solution. 


Apparatus 


4. Iodine Number Flasks, 500-ml., 
glass-stoppered, will be required. 


Reagents 


5. Unless otherwise indicated, it is 
intended that all reagents shall conform 
to the specifications established by the 
Committee on Analytical Reagents of 
the American Chemical Society, where 
such specifications are available. Refer- 
ences to water shall be understood to 
mean distilled water. 

(a) Carbon Tetrachloride.—Make blank 
determinations on 5-ml. portions of each 
lot of carbon tetrachloride as described 
in Section 7 (c). 

(b) Acetic Acid, Glacial. 

(c) Bromide - Bromate Solution (Stand- 
ard 0.5 N).—Dissolve 49.6 g. of KBr 


‘tal 
? 
4 


and 13.9 g. of KBrO; (or the equivalent 


43.0 g. of NaBr and 12.6 g. of NaBrOs) 
in water and dilute to 1 liter. To stand- 


ardize, place 50 ml. of glacial acetic acid 
and 1 ml. of HC! (sp. gr. 1.18) in a 


500-m]. iodine number flask. Chill the 


solution in an ice bath for approximately 


10 min. and, with constant swirling of 


the flask, add from a 10-ml. calibrated 
_buret 5 + 0.01 ml. of bromide - bromate 


solution at the rate of 1 to 2 drops per 
second. Stopper the flask immediately, 
shake the contents, place it again in the 
ice bath, and add 5 ml. of KI solution 
in the lip of the flask. After 5 min., 


remove the flask from the ice bath and 


allow the KI solution to flow into the 


flask by slowly removing the stopper. 
_ Shake vigorously, add 100 ml. of water 


in such a manner as to rinse the 
stopper, lip, and walls of the flask, and 
titrate promptly with NaeS.,O; solution. 
Near the end of the titration, add 1 ml. 
of starch indicator solution and titrate 
slowly to disappearance of the blue 
color. Calculate the normality of the 
bromide-bromate solution as follows: 


Normality of bromide - bromate solution 


ml. of NasS.O; X normality of Na.S,O, 
5 


Repeat the standardization until dupli- 
cate determinations do not differ from 
the mean by more than plus or minus 
0.002 NV. 

(d) Potassium Iodide Solution (150 
g. per l.). 

(e) Sodium Thiosulfate Solution 
(Standard 0.1 N).—Dissolve 25 g. of 
NaeS2O3-5H2O in water, add 0.01 g. 
of NasCO; to stabilize the solution, 
and mix thoroughly by shaking. Stand- 
ardize by any accepted procedure that 
determines the normality with an error 
not greater than plus or minus 0.0002. 
Restandardize at intervals frequent 
enough to detect changes of 0.0005 in 
normality. 


D-2 (APPEND 
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(f) Starch Solution.—Triturate 5 g, of 
arrowroot starch and 5 to 10 mg, of 
Hgl, with 3 to 5 ml. of water. Add the 
suspension to 2 liters of boiling water 
and boil for 5 to 10 min. Allow to coo! 
and decant the clear, supernatant 
liquid into glass-stoppered bottles, 


Check Procedure 
6. In case of doubt in applying the 


procedure to actual samples, the 
reagents and technique should be 


checked by means of determinations or 
freshly purified cyclohexene and diiso. 
butene. Make the tests according to 
the procedure described in Section 7, 
using as a sample either 0.5 to 1 g. of 
freshly purified cyclohexene or diiso- 
butene (see Table II) or 8 to 10g. of 
10 per cent by weight solutions of these 
materials in carbon tetrachloride. If 
the reagents and technique are correct, 
values within the following ranges 
should be obtained: 


Standard ; Bromine Number 
Cyclohexene, purified (Notes 1 and 2). 191 to 199 (Note 3) 
Cyclohexene, 10 per cent solution. .. 19 to 20 
Diisobutene. purified (Notes 1 and 2).. 142 to 148 (Note 3) 
Diisobutene, 10 per cent solution.... 14 to 15 

Note 1.—Purified samples of cyclohexene 
and diisobutene may be prepared from East- 
man cyclohexene, No. 1043, and Eastman diiso- 
butylene, No. 2125 by the following procedure: 

Add 65 g. of activated silica gel (28 to 20 
mesh )? to a column approximately 16 mm. in 
inside diameter, and 760 mm. in length, which 
has been tapered at the lower end and which 
contains a small plug of glass wool at the bot- 
tom. A 100-ml. buret, or any column that wil 
give a height-to-diameter ratio of the silica ge! 
of at least 30:1, will be suitable. Tap the colums 
during the addition of the gel to permit uniform 
packing. 

To the column add 30 ml. of the olefin to be 
purified. When the olefin disappears into the 
gel, fill the column with methanol. Discard the 
first 15 ml. of percolate and collect the next I! 
mi., which is the purified olefin for test of the 
bromine number procedure. Determine a0 
record the density and refractive index of the 
purified samples at 20 C. Discard the remaining 
percolate. 

ob 


2 Silica gel satisfactory for this purpose cao be 
tained {rum the Davison Chemical Corp., Baltimore, Mé 


Pry 


| 


Caution.—If distillation of these olefins is 
employed as a pre-purification step, at least 10 
er cent residue should remain in the distilla- 
on flask to minimize the hazards from decom- 
psition of any peroxides that may have been 
present. 

Note 2.—The reference olefins yielding the 
hove results are characterized by the proper- 
is shown in Table I. 

Note 3.—The theoretical bromine numbers 
f cyclohexene and «iisobutene are 194.8 and 
142.3, respectively. Diisobutene typifies a reac- 
tive type olefin which underg»es bromine sub- 
stitution easily and usually gives bromine num- 
yer values 2 to 6 units higher than theoretical 
by the check procedure. This condition is recog- 
nized with disfavor but considered acceptable 
for most routine testing of material in this cate- 
pry. 

’ The theoretical value of diisobutene may be 
f more closely approached by rigid control of the 
)- lime schedule and excess bromine concentra- 
tion to the minima permitted by the detailed 
procedure. [t is to be expected that the accuracy 


TABLE 1.—PHYSICAL PROPERTIES OF 
PURIFIED OLEFINS. 


Den- | Index 


of Re- 

Bci'ing Point SUY frac- 
deg. Cent "| tion, D 
Line at 
20 C. 


1.4465 
1.4112 


Compound 


Cyclohexene .... 
Diisubutene. .... 


82.5 to 83.5 
101 to 102.5 


0.8100 
0.7175 
+0.0015 


vd of the bromine number determination for the 
reactive type olefins will be improved as the 
check procedure with diisobutene approaches 
the theoretical value of 142.3. 


Procedure 


¥: J. (a) Place 10 ml. of carbon tetra- 
us Ciloride in a 50-ml. volumetric flask 
‘al, by means of a pipet, introduce a 
juantity of sample as indicated in Table 
II (Note 4). Either obtain the weight 
of sample introduced by difference be- 
‘ween the weight (to the nearest milli- 
sam) of the flask before and after 
alJition of sample or, if the density is 
ainig “own accurately, calculate the weight 

_ the measured volume. Fill the 
Lg “ask to the mark with carbon tetra- 

‘iloride and mix well (Note 5). Pipet a 
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_ (Note 6) that remains for at least 5 sec. 


5-ml. aliquot of the solution into a 
500-ml. iodine number flask containing 
50 ml. of glacial acetic acid. 


Note 4.—Frequently, the order of magnitude © 

of the bromine number of a sample is unknown. 

In this case, a trial test is recommended using 

a 2-g. sample in order to obtain the approximate 
magnitude of the bromine number. This explora- . 
tory test is to be followed with another deter- 
mination using the appropriate sample size as 
indicated in Table II. 

Norte 5.—The dilution of the sample may be 
made with glacial acetic acid in place of carbon 
tetrachloride if desired. If the dilution of the 
sample is made with glacial acetic acid, the 5-ml. 
aliquot should be added to an iodine number 
flask containing 45 ml. of glacial acetic acid and 
5 ml. of of carbon tetrachloride. 


(b) Shield the flask from exposure 
to direct sunlight and keep it at a tem- 


TABLE II.—SAMPLE SIZE. 


Bromine Number Sample Size, g. 


2 to 1.5 


perature of 25 + 5 C. Add bromide - 
bromate solution from a buret at a rate — 
of 1 to 2 drops per second, swirling the — 
flask constantly during the addition. 
Continue adding the reagent until the 
reaction mixture assumes a yellow color 


Add an additional 1 ml. of the reagent 
as quickly as possible, stopper the flask, 
and continue swirling immediately for 
40 + 5 sec. At the end of this period, 
place 5 ml. of KI solution in the lip of 
the flask and lift the stopper, allowing 
the solution to flow slowly into the 
flask. Replace the stopper, shake vigor- 
ously, add 100 ml. of water, and shake 
again for 1 min. ‘Titrate promptly with 
Na.S.O; solution. Near the end of the 
titration, add 1 ml. of starch indicator 
solution and titrate slowly to disappear- 
ance of the blue color. Discard the test 
if the back-titration is less than 5 ml. or 


— 
| 
| 
| 
If 
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greater than 10 ml. of Na,S,O; solution 
(Note 7). 


Nore 6.—The yellow color produced should 
be equivalent to that obtained by adding 0.5 
ml. of bromide - bromate solution to 50 ml. of 
glacial acetic acid and 5 ml. of carbon tetra- 
chloride in a similar flask. 

Note 7.—In certain cases, notably high- 
boiling samples, it is impossible to meet the 
requirements of a 5 to 10-ml. Na2S,O3 back- 
titration; in such cases, the results are inde- 
terminate. 


(c) Blanks—Make duplicate blank 
determinations on each lot of reagents by 
repeating the entire procedure but using 
5 ml. of carbon tetrachloride in place of 
the sample (Note 8). 


Nore 8.—In routine work, no correction need 
be applied so long as the blank does not exceed 
0.02 milliequivalent of bromine. For work of 
highest accuracy, a correction should be applied 
if the blank exceeds 0.01 milliequivalent. The 
correction shall be made by subtracting from the 
term (VN — on) in Section 8 the milliequivalents 
of bromine consumed by the volume of carbon 
tetrachloride actually present in the 5-ml. 
aliquot of sample solution used in the analysis. 
This volume may vary from 2.5 to 4.9 ml., 
depending upon the quantity of sample used. 


Calculation 


8. Calculate the bromine number of 
the sample as follows: 


(VN — on) x 7.99 
W 


Bromine number = 


where: 


V = milliliters of bromide - bromate 
solution added to the sample, 

normality of the bromide - 
bromate solution, 

v = milliliters of NaeS.03 solution 
used for the back-titration, 

normality of the NaS.O; solu- 
tion, and 

W = grams of sample represented by 


the aliquot used. 


9. Results should not differ from the 
mean by more than the following 
amounts: 


N 


nN 


Precision 


| 
Repro- 
Repeat-| duci- 
A.S.T.M. 90 ability, | 
per cent One 
Distillation B Oper- ferent 
Point, —_ ator and, Opera- 
deg. Fahr. Appa- | tors and 
ratus Appa- 
ratus 
Under 400 {| Over 20 to 50...... 1 2 
Over 50 to 100... 2.5 5 
2 4 
400 to 620 { Over 10 to 20..... 3 | 6 


| 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadeiphia 3, Pa. 


Scope 

|. (a) This method is intended for 
the determination of the bromine num- 
yet of petroleum fractions that are sub- 
stantially free of material lighter than 
sobutane and that have 90 per cent 
(isillation points between 350 and 
620 F. 

(}) The bromine number obtained is 
irequently interpreted as a measure of 
ilefin content. Such values obtained 
ty this means may not be reliable due 
o variable reactivity of olefins and to 
the reactivity of many sulfur, nitrogen, 
and oxygen-containing compounds. 
Therefore this interpretation is limited 
materials that are substantially free 
of these elements, and that are known 
contain no olefins which absorb 
stomine slowly or incompletely. 


Definition 


2. Bromine Number is the number of 
grams of bromine consumed by 100 g. 


{the sample when reacted under given 
conditions, 


Outline of Method 


_3. The sample is dissolved in a speci- 
utd solvent and titrated with bromide- 
‘xomate solution at 0 to 5 C. The end 
“nt is indicated by a dead-stop elec- 
‘ometric titration apparatus. 

assis proposed method is under the jurisdiction of the 


Lab «committee D-2 on Petroleum Products and 
» Published as information, October, 1949. 


APPENDIX X 


PROPOSED METHOD OF TEST FOR BROMINE NUMBER OF 
PETROLEUM DISTILLATES (ELECTROMETRIC METHOD)! 


‘+ 


Apparatus 


4. The apparatus shall consist of the 
following: 

(a) Dead-Stop Electrometric Titration 
Apparalus.—The method as written is 
based on the use of the electric eye 
titrimeter described in the Supplement.” 
Any other dead-stop apparatus may be 
used with approximately 0.5 v. across 
the two platinum electrodes and capable 
of measuring the potential across the 
electrodes with a sensitivity of plus or 
minus 50 mv. 

(b) Titration Cell.—A 150-ml. glass 
vessel jacketed to permit cooling with 
ice water The pair of platinum wire 
electrodes shall be mounted to extend 
well below the liquid level. Stirring 
shall be by means of a mechanical 
stirrer and shall be rapid but not so 
vigorous that air bubbles are drawn 


down to the electrodes. 
Reagents 


5. Unless otherwise indicated, it is 
intended that all reagents shall conform 
to the specifications established by the 
Committee on Analytical Reagents of 
the American Ch-mical Society, where 
such specifications are available. 

(a) Titration Solvent.—Prepare 1 liter 
of titration solvent by mixing the 


2 An electric eye titrimeter conforming to these re- 
quirements may be obtained from the Berkeley Scientific 
Co., Richmond, Calif. A Beckman Model H-2 pH meter, 
with adapter No. 700-1, has also been found satisfactory 
for this purpose. 
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following volumes of materials: 714 ml. 
of glacial acetic acid, 134 ml. of carbon 
tetrachloride, 116 ml. of methanol, 18 
ml. of H-SO, (1:5), and 18 ml. of a 
methanol solution of HgCl, (100 
g. per |.). 

(b) Bromide - Bromate Solution (Stand- 


ard 0.500 N).—Dissolve 51.0 g. of KBr 


and 13.92 g. of KBrOy in distilled water 
and dilute to 1 liter in a volumetric 
flask. 


Check Procedure 

6. In case of doubt, or when new 
reagent or solvent is used, the procedure 
should be checked by means of deter- 
minations on freshly purified diiso- 
butene or cyclohexene. Make the test 


TABLE I.—PHYSICAL PROPERTIES OF 
PURIFIED OLEFINS. 


Den- | Index 

Boiling Point, | at 
Compound deg. Cent. : 20 pig tion, D 
jine at 

20 C. 

Diisobutene...... 101 to 102.5 1.4112 
Cyclohexene...... 82.5 to 83.5 | 0.8100) 1.4465 


according to the procedure described in 
Section 7. The values obtained should 
be 142.3 + 5 for diisobutene and 
194.6 + 5 for cyclohexene. The values 
142.3 and 194.6 are the _ theoretical 
values for diisobutene and cyclohexene, 
respectively. 


Note.—Eastman diisobutene, No. 2125, 
and Eastman cyclohexene, No. 1043, have been 
found satisfactory when purified by the follow- 
ing procedure: 

Add 65 g. of silica gel (28 to 200 mesh)? to a 
column approximately 16 mm. in inside diam- 
eter and 760 mm. in length, tapered at the 
lower end, and containing a glass wool plug. 
Tap the column while adding the silica gel to 
obtain uniform packing. Any column giving a 
height-to-diameter ratio of the silica gel of at 
least 30:1 is suitable. The column should be 
jacketed to permit circulation of coolant. 

Add 30 ml. of the olefin to the ice-water 
cooled column. When the olefin disappears into 


* Silica gel satisfactory for this purpose can be obtained 
from the Davison Chemical Corp., Baltimore, Md. 


the gel, fill the column with methanol. Discard 
the first 15 ml. of percolate and collect the next 
10 mil., which is the purified olefin. Discard thy 
remainder. Olefins purified in this manner haye 
exhibited the properties shown in Table |. 


Procedure 


7. (a) Introduce 110 + 10 ml, of 
titration solvent into the titration 
vessel, start stirring, and cool to 
0 to 5 C. Add the quantity of samp! 
shown in Table II. Samples that ex- 
hibit poor solubility should first be dis- 
solved in chloroform, then transferred to 
the titration vessel. Do not use more 
than 10 ml. of chloroform. 

(6) Adjust the “eye” of the electromet- 
ric titration apparatus to a very nearly 


closed position. Add the bromide- 
TABLE II.—SAMPLE SIZE. 
Approximate 
Bromine Number Sample 
Size, g. 
5 


bromate solution in small increments 
from a buret, noting the action of th 
“eye,” which when open shows th 
presence of unabsorbed bromine. The 
end point is indicated when two drops 
of reagent cause the “eye” to remai 
open for at least 30 sec. | 

(c) Make a blank titration on eat! 
lot of titration solvent. Less than 0.1 
ml. of bromide - bromate solution shoul: 
be required. 


Calculation 


8. Calculate the bromine number 4 
follows: 


(A — B)N X8 
Bromine number = ——— 
a 


where: 


A = milliliters of bromide bromatt 
solution used for titration “ 


| | 
| 
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B = milliliters of bromide-bromate 
solution used for titration of Repro- 
Repeat-| duci- 
the blank, AS.T.M. 90 ability, | bility, 
er ce ) 
Y= normality of the bromide- phtitlation er | | ferent 
bromate solution, and Py 
oF ‘ > ratus ppa- 
W = grams of sample used. al 
ision 
Prec Ued 10 | 0.7 
n Iver 20 to 50 ..... 2 4 
9. Results should not differ from the a Over 50 to 100... 2.5 5 
mean more than the following 01010 2 
SUPPLEMENT a bet 
APPARATUS 
Apparatus: shown in Fig. 1. Connection to the platinum 


wire electrodes is made at the points labeled 1 
and 4, 


Al. The electrometric titrimeter should be 
constructed according to the wiring diagram 


6SF5 6E5 
n 
4 4 


SY3 


450 V + 


ex 


Stancor VP T3 


Fic. 1.—Electrometric Titrimeter. 
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Meetings of both Committee D-3 on 
Gaseous Fuels and its Advisory Com- 
mittee were held in Atlantic City, N. J., 
on October 3, 1948. Three subcom- 
mittees also met on the same day. 

A number of changes in personnel of 
Committee D-3 were made during the 
year. At present, the committee con- 
sists of 32 members of whom 8 are 
classified as consumers, 12 as producers, 
and 12 as general interest members. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Collection of Gaseous 
Samples (E. O. Mattocks. chairman).— 
A revised procedure for sampling of 
natural gas was distributed to the sub- 
committee members for review and 
approval. A proposed procedure for the 
sampling of manufactured gas was re- 
cently completed and distributed for 
consideration. 

A procedure for sampling liquefied 
petroleum gas previously developed by 
this subcommittee was reviewed by the 
National Bureau of Standards. An ad- 
ditional section has been prepared as the 
result of this review and is being included 
in the procedure for committee action. 

It is hoped to have methods for the 
sampling of natural and liquefied pe- 
troleum gases in readiness for action by 
Committee D-3 in the near future. 

Subcommittee II on Measurement of 
Gaseous Samples (H. S. Bean, chair- 
man) has reviewed severa! drafts of a 
proposed tentative method for measur- 
ing gaseous fuel samples. At its Octo- 


* Presented at the Fifty-second Annual Meeting of the 
Society, June 27-July 1, 1949. : 


REPORT OF COMMITTEE D-3 
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ber 3 meeting the subcommittee again 
revised this method which has since been 
sent to subcommittee members with a 
letter ballot on its submission to Com- 
mittee D-3.! 

Subcommittee IV on Determination of 
Specific Gravity and Density of Gaseous 
Fuels (E. F. Schmidt, chairman).—The 
third draft of proposed tentative methods 
for determination of specific gravity of 
gaseous fuels has been presented to the 
subcommittee. Several members have 
already indicated their approval of this 
draft while others suggested minor 
changes. Necessary modifications have 
been completed and the revised draft is 
in readiness for presentation to the sub- 
committee for letter ballot approval. 
When this is obtained, the draft will be 
submitted to Committee D-3 and after 
approval to the Administrative Com- 
mittee on Standards for acceptance as 
tentative.! 

Subcommittee V on Determination of 
Special Constituents of Gaseous Fuels 
(E. H. Smoker, chairman).—While no 
meeting of this subcommittee was held 
during the past year, the members have 
endeavored by correspondence to com- 
plete a proposed tentative method for 
the determination of total sulfur in gas. 
This method will be considered further 
at the June meeting of the subcommittee. 

Subcommittee VII on Complete Analy- 
sis of Chemical Composilion of Gaseous 
Fuels (Martin Shepherd, chairman) com- 
pleted a cooperative analysis of a stand 
ard sample of carburetted water gas by 


1 See Editorial Note, p. 387. ; 
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ye mass spectrometer during the past tive analysis by the two methods, volu- — 
er, Proposed tentative methods now’ metric chemical and mass spectrometry. 

preparation include the following: 

om . This report has been submitted to 
|, Analysis of fuel gases of the carburetted letter ballot of the committee which 
water gas type by volumetric chemical methods, consists of 32 members; 27 members 


2, Analysis of fuel gases of the carburetted returned their ballots, allof whom have 
vater gas type by the mass spectrometer, 


3, Analysis of fuel gases of the natural gas type voted affirmatively. 
y yolumetric chemical methods, and 7. 
“4, Analysis of fuel gases of the natural gas Respectfully submitted on behalf of 
ype by the mass spectrometer. the committee, 
A. W. GAUGER, 


Materials and facilities are being Chairman. 


assembled for the preparation of another K. R. Knapp, 
A4S.T.M. standard sample for coopera- Secretary. 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee D-3 presented io the So- 
ciety through the Administrative Committee on Standards the following 
recommendations: 


New Tentative Methods for: 
Measurement of Gaseous Fuel Samples (D 1071 - 49 T), ~~ 


Determination of Specific Gravity of Gaseous Fuels (D 1070 - 49 1). 


These recommendations were accepted by the Standards Committee on 
September 22, 1949, and the new tentative methods appear in the 1949 Book of 
A.S.T.M. Standards, Part 3. 
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Committee D-4 on Road and Paving 
Materials has held three meetings during 
the past year: in Detroit, Mich., on 
_ June 23, 1948; in St. Louis, Mo., on 
October 28, 1948; and in Chicago, IIL, 
on March 4, 1949. 

In the death of Lester Kirschbraun 
on September 6, 1947, the committee 
lost one of its former active and loyal 
members. Mr. Kirschbraun had served 
also as a member of Committee D-8 
on Bituminous Waterproofing and Roof- 
jing Materials, and Committee D-1 on 
Paint, Varnish, Lacquer, and Related 
- Materials. A memorial resolution was 
_ prepared jointly by the three committees 
and a copy sent to his family and to 
the Society. 

In 1948, the committee lost a valuable, 
respected and loved member by the 
death of Joseph E. Boyd. Mr. Boyd 
_also served as a member of Committee 
C-9 on Concrete and Concrete Ag- 
_ gregates. In appreciation of his services, 
the committee adopted a memorial 
resolution, a copy of which was sent to 
his family and to the Society. 


RECOMMENDATIONS ACCEPTED BY 
THE ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1948 Annual Meet- 
ing, Committee D-4 presented to the 
Society, through the Administrative 


* Presented at the Fifty-second Annua! Vi:2‘ing of the 
- Society, June 27- July 1, 1949. 
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Committee on Standards, recommenda- 
tions for publication of the following: 


Tentative Specifications for: 

Preformed Expansion Joint Filler for Concrete 
(Lituminous Type? (1) 994 - 48 T). and 

Bituminous Paving Plant Requirements (D 995 
- 48 T). 

Tentative Revision of Standard Definitions of: 


Terms Relating to Materials for Roads and 
Pavements (D 8 - 46). 


The tentative specifications were ac- 
cepted by the Administrative Committee 
on Standards on September 29, 1948, 
and appear in the 1948 Supplement to 
Book of A.S.T.M. Standards, Part IL 
The tentative revision of Standard 
Definitions D8 was accepted by the 
Standards Committee on January 3, 
1949, and is being recommended for 
adoption as standard as given later in 
this report. 


NEW TENTATIVE 
Committee D-4 joins with Committee 
C-9 in recommending that a proposed 
Tentative Method of Test for Soft 
Particles in Coarse Aggregates, as ap- 
pended to the report of Committee C-9; 

be accepted for publication. 


REVISIONS OF TENTATIVES 


Tentalive Methods of Sampling Bi 
tuminous Materials (D 140-48 T).— 
Committee D-4 recommends a revision 


' Tis method was accepted as tentative by the — 
and appears in the 1949 Book of A.S.T.M_ Standards, rane 

21948 Supplement to Bock of A.S.T.M. Standarey 
Part Ll. 


| 


of these methods by changing the mini- 
mum weight of the sample from “‘50 lb.” 
to “2 Ib.” in line 8 of Section 14, subject 
toapproval of Committee D-8. 

Tentative Specifications for Hol-Mixed, 
Hot-Laid Asphaltic Concrete for Base and 
Surface Courses (D 947 — 48 T).2—Com- 
mittee D-4 recommends that these 
specifications be revised as follows: 

Table —Make the following changes 
inthis table: 

Add “8” to the heading of the last 
column. 

Size No. 57.—Change per cent finer 
than 1 in. from ‘90 to 100” to “95 to 
100.” 

Size No. 78.—Change per cent finer 
than No. 8 from “0 to 5” to “0 to 10” 
and insert “O to 5” finer than No. 16. 

Size No. 8.—Insert “O to 5” finer 
than No. 16. 

Section 7 (d).—Delete the last two 
sentences as they are a repetition of the 
last two sentences of Section 5. 

Tenlative Specifications for Asphaltic 
Mixtures for Sheet Asphalt Pavements 
(978-48 T).2—The committee rec- 
ommends that Table I of these specifica- 
tions be revised by changing the require- 
ment for Size No. 57, 1 in. sieve, from 
“%) to 100” to “95 to 100.” 

Tentative Methods of Sampling Bi- 
luminous Paving Mixtures (D979 
48T).’—Committee D-4 recommends 
that these methods be revised as follows: 

Seclion 4 (a).—Change line 5 to read 
a follows by the addition of the itali- 
ced words and number and the omission 
of the words and number in brackets: 
at two [quarter] points [90] 
ey. 
Section 4 (c).—Change the first sen- 
tence to read as follows by the addition 
of the italicized words and sentence and 
the omission of the words in brackets: 


Samples from a railroad car shall be taken 
‘am at least six points, approximately 12 in. 
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below the surface, so distributed over the car 
{as to represent, proportionately, visible varia- 
tions in the mixture.] that they lie at the mid- 
points of sections representing one-sixth of the 
superficial area of the car, formed by a median line 
running lengthwise of the car and two cross lines 
dividing the length of the car into equal thirds. In 
case a greater number of samples are required to 
make up the com posite, they shall be taken at points 
spaced according to a mutually satisfactory regular 
geometric pattern. 

Section 6 (a).—Insert “the physical 
properlies of the mixture and” after the 
word “determining” in the third line. 

Tentative Specifications for Bituminous 
Paving Plant Requirements (D995 - 
48 T).2—The committee recommends the 
following revisions in these specifications: 

Title—Change the word “Paving” 
to “Mixing.” 

Section 2 (d).—Add the following 
sentence to the end of this paragraph: 
“Tf the dryer is not equipped to heat, 
dry, and cool the aggregate in one 
operation for cold mixes, the plant shall 
have sufficient storage bins equipped 
with cooling devices to accomplish the 
specific result.” 

Section 2 (e).—In the fifth line, change _ 
the word “full” to “production.” 

Section 2 (g).—In the sixth line, 
change the word “sensitive” to ‘‘ac- 
curate.” 

Section 3 (b).—Change to read as 
follows by the addition of the italicized 
words and the omission of the words in 
brackets: 


(b) Aggregate Scales.—Scales for any weigh 
box or hopper may be either of the beam or 
springless dial type, and shall be of [a] standard 
make and design, |sensitive] accurate to 0.5 per 
cent of the [{maximum| indicated load |that may 
be required.| and sensitive lo one-half the minimum 
graduation, which shall not be greater than 10 Ib. 
All scales shall be equipped with a tare beam, and 
beam-type scales shall be equipped with a separate 
beam for each size of aggregate to be weighed in the 
batch. When a beam-type scale is used, provi- 
sion shall be made for indicating to the operator 
that the required load |in the weighing hopper] 
is being approached. |; the] This device shall 
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indicate at least the last 200 Ib. of load. When 
springless dial scales are used, the end of the pointer 
shall be set close to the face of the dial and shall be 
of a type which will be free from excessive parallax. 
The scale shall be provided with an adjustable 
pointer for marking the weight of each material to 
be weighed into the batch. |The scale shall also 
be equipped with a tare beam or adjustable 
counter-balance for balancing the hopper. A 
minimum of ten 50-lb. standard test weights shall 
be available for checking accuracy.] Not less 
thanten standard 50-Lb. test weights shall be provided 
for the pur pose of testing and calibrating the scales. 
For each scale a suitable cradle or platform shall be 
provided for applying the test loads. The test 
weights shall be kept clean and located for conven- 
ient calibration of the scale. 

Section 3 (c).—Substitute the following 
sentence for the third, fourth, and fifth 
sentences: “Scales for the bitumen 
bucket shall conform to the require- 
ments for aggregate scales, as specified 
in Paragraph (6), except that the 
minimum graduation shall not be greater 
than 23 lb. and the device for indicating 
the approaching load shall indicate 
the last 20 lb. of load.” 


TENTATIVE REVISIONS OF 


STANDARDS 

Standard Method of Test for Abrasion 

of Coarse Aggregate by Use of the Los 

Angeles Machine (C 131 —47).3—Com- 

mittee D-4 joins with Committee C-9 

in recommending that the tentative 

revision of this method submitted in 

June, 1947, be withdrawn and replaced 

by a new tentative revision as given in 

the Report of Committee C-9.' The 

_ present standard method provides only 
for testing coarse aggregates up to 13 in. 

in size. Because of the use of larger 
Boni particularly in highway construc- 
tion and for railroad ballast, the need 
for broadening the scope of test has 
_ been felt for some time and a tentative 
revision providing for testing sizes up to 

3 in. was recommended for publication 
in June, 1947. The latter tentative 


__ $1947 Supplement to Book of A.S.T.M. Standards, 
Part Il, 
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revision is replaced by the present rec- 


ommended tentative revision. (Co. 
operative laboratory investigations were 
carried out with the view of making the 
same conditions apply to coarser sizes 
as now exists with the present four 
gradings, that is, make it feasible to 
fix the same specification limits for all 
sizes to indicate a given quality. These 
studies indicate that a modification of 
the tentative revisions submitted in 1947 
will go much further toward the goal of 
providing approximately the same per- 
centage of loss in the larger sizes as in 
the smaller sizes for the same quality 
of material. 

Standard Definitions of Terms Relating 
to Materials for Roads and Pavements 
(D 8-46).*—The committee recom- 
mends publication of a tentative revision 
of the following two terms in these 
definitions: 

Tars.—Change to read as follows: 

Tar.—A bituminous material, viscous or fluid, 
resulting from the destructive distillation of or- 
ganic matter such as coal]. petroleum, shale, peat, 
and vegetable matter. The word “tar” should 


always be preceded by the name of the matter 
from which it is produced. 


Viscosily.—Change to read as follows: 


Viscosity.—The internal friction in a bitu- 
minous material which tends to restrict flow. 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


Committee D-4 recommends that the 
following revisions of standards be im- 
mediately incorporated in the standards, 
and accordingly requests the necessary 
nine-tenths affirmative vote at the An- 
nual Meeting in order that the recom- 
mendations may be referred to letter 
ballot of the Society. 

Standard Definitions of Tr erms Relating 
to Materials for Roads and Pavements 
(D 8 — 46).4—Delete the definitions of 
the following terms: dehydrated tats, 
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et, granite, granitoid, and _ soil. 
yere does not appear to be any particu- 
rneed for a definition of dehydrated 
rs, It is not apparent why it is neces- 
vy to define any of the varieties of 
xk, nor why definitions of chert, 


mnite, and granitoid should be in- 


yded in standard definitions while 
{nitions of other rocks used in road 
mstruction are excluded. The defini- 
in of soil is not adequate, and it is 
dt that this definition should be the 


esponsibility of Committee D-18 on 


wils for Engineering Purposes. 

Standard Method of Test for Amount of 
Vaterial Finer Than No. 200 Sieve in 
‘goregates (C 117 — 48).2—In the Table 
if Section 3, change the heading 
‘Nominal Diameter of Largest Particle,” 
“Nominal Maximum Sieve Size,” 
nd under this heading change “4” to 
No. 4.” These changes bring this 
sandard in accord with other A.S.T.M. 
sandards relative to designation of 
seve sizes. A similar recommendation 
or revision of this standard is being 
nade by Committee C-9 on Concrete 
aid Concrete Aggregates, which has 
vlint jurisdiction with Committee D-4. 
Standard Method of Float Test for 
Pituminous Materials (D 139 — 27) 
Section 2 (c).—Insert the following as 
the second sentence of this paragraph: 
‘This adjustment of the total weight 
ithe assembly is for the purpose only 
‘ calibrating the depth of immersion 
athe testing bath.” 

Panny 2 (e).—Change to read as 


(¢) Testing Bath_—A water bath at least 185 
“im, in internal diameter and containing water 
“east 185 mm. in depth. The height of the 
“ntainer above the surface of the water shall 
‘eat least 100 mm. 


Add the following as a new Paragraph 
to this section: 


) Water Bath at 5 C.—A water bath of suit- 
“le dimensions maintained at 5.0 C. + 1.0 C., 
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which may be accomplished by means of melting 
ice. 


Section 3—Change the heading of 
this section from “Preparation of 
Sample” to “Procedure” and delete 
the heading ‘‘Procedure” of the present 
Section 4. 

Section 3 (b).—Insert the word “easy” 
between the words “for” and “pouring” 
in the fourth line of this paragraph. 

Sections 3 (c) and (d).—Change to 
read as follows by the addition of 
italicized words and numbers and the 
omission of those in brackets: 

(c) Asphalt and Asphalt Products.— 
Asphalt and asphalt products shall be 
cooled to room temperature for 15 to 
60 min., then placed for 5 min. in the 
water bath at 5 C., \in water maintained 
at 5 C. for 5 min.] after which the surplus 
material shall be [removed] ‘rimmed 
flush with the top of the collar by means 
of a spatula, or steel knife, which has 
been slightly heated. The collar and 
plate shall then be placed in [a tin cup 
containing ice water maintained at 
5 + 1C.,| the water bath at 5 C., and left 
in this bath for [at least] mot less than 
15 min. nor more than 30 min. 

(d) Tar Products.—Tar products shall 
be immediately immersed [in ice water 
maintained at 5 C.| for 5 min. in the 
walter bath at 5 C., after which the surplus 
material shall be [removed] ‘rimmed 
flush with the top of the collar by means of 
a spatula, or steel knife, which has been 
slightly heated. The collar and plate 
shall then be placed in [a tin cup con- 
taining ice water maintained at 5 + 
1 C.,| the water bath at 5 C., and left in — 
this bath for [at least] mot less than 15 : 
min. nor more than 30 min. 

Section 4 (a) and (b).—Reletter as 
Paragraphs (e) and (f) of Section 3 and © 
change to read as follows by the addi- — 


tion of the italicized words and numbers 


and the omission of those in brackets: 
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“(e) [The bath shall be filled with water 
and] the water in the lesting bath shall be 
heated to the temperature at which the 
test is to be made. This temperature 
shall be accurately maintained without 
stirring, and shall at no time throughout 
the test be allowed to vary more than 
0.5 C. from the temperature specified. 


--Thermometer 
Cork stopper 


~ 
~ 
~ 
~ 
~ 
~ 


The temperature shall be determined by 
immersing the thermometer with the boltom 
of the bulb at a depth of 40 + 2 mm. below 
the water surface. 

“(f) After the material to be tested 
has been kept in the lice water] wafer 
bath at 5 C. for not less than 15 min. nor 
more than 30 min., the collar with its 
contents shall be removed from the plate 
and screwed into the aluminum float, 
and then the assembly shall be completely 
immersed [in water at 5 C.| for 1 min. 
in the walter bath at 5 C. |Any] The 
water shall then be removed from the 
inside of the float and the [latter] as- 
sembly immediately floated |in the warm] 
on the testing bath. Lateral drift of the 
assembly shall be permitted, but no 
spinning motion shall be intentionally 
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imparted thereto. As the plug of materia} 
becomes warm and fluid, it is forced 
upward and out of the collar until the 
water gains entrance into the saucer and 
causes it to sink.” 

Section 4 (c).—Reletter as Paragraph 
(g) of Section 3. 

New Section.—Add a new Section 4 on 


/ 
Shield--#- 
Pag 
Flask--+ 
wire gauze |\\ mm 
65mm. | O mesh ~ 
| ght l 1 
(jn) Chimney / Water jacketed 
Condenser 
Bunsen burner mm / 
205mm 
Not less than-“ = Blotting 
25.4mm.(/ in) Paper 
-Stand 
Receiver---- 


Fic. 1. Distillation Apparatus Assembly. 


Precautions, designating the note in the 
present Section 4 as Paragraph (a) and 
adding the following as Paragraph (6) 


(b) Owing to possible danger to health if mer- 
cury is handled carelessly, the following rules 
should be observed at all times: 

(1) Store the mercury in a closed jug ina 
cool place. 

(2) Strictly avoid spilling any mercury. 

(3) Remove mercury vapors by working 
under a suitable hood with good ventilation. 

(4) Keep amalgamated brass plates ané 
other apparatus at not above normal room 
temperature. 


The recommended revisions in this 
standard are primarily improvements 
in phraseology designed to clarify details 
of procedure. Essential requirements 
of the present standard are not modified 
and the revisions are essentially editorial 


iF 
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, nature. An additional requirement 
overing position of the thermometer 


athe testing bath is proposed, however, 


snce the present standard is silent in 


is important respect, and a precau- 
onary section on the use of mercury, 


jmilar to those submitted for other 
nethods involving amalgamated ap- 


aratus, is recommended. 

Standard Method of Test for Distilla- 
im of Cut-Back Asphaltic Products 
D 402 48) 

Section 1—Add the following note to 


theend of this section: 


Nore.—The test results on the residue may 
eaflected by non-asphaltic materials present 
in the asphalt. 


Section 7 (a).—Change the last sen- 
tence to read as follows by the addition 
of the italicized words and sentence: 
“Asemble the apparatus and apply 
heat so that the first drop from the end of 
the flask tubulature comes over in 5 to 15 
min. Either water or oil shall be con- 
sidered in recording the first drop of 
material distilled. 

Figure 3.—Substitute the accompany- 
ing Fig. 1 of the distillation apparatus 
assembly showing the corrected upper 
water connection at the top of the 
acketed condenser and the lower con- 
action at the bottom of the jacket. 

Section 7 (d).—In the second sentence 
change “5 sec.’? to “10 sec.” 

Standard Specifications for Standard 
Sizs of Coarse Aggregate for Highway 
Construction (D 448 — 47).2—The follow- 
‘g revision of these specifications is 
‘commended in order that the require- 
nents for standard sizes of coarse aggre- 
ute will be in accordance with those 
commended by the U. S. Department 
Commerce in its Simplified Practice 
Recommendation R163-48, approved 
June 30, 1948, and issued by the Na- 
‘onal Bureau of Standards. 

Table I.—Make the following changes: 

Add an additional heading for a sieve 


size, No. 50 (297-micron), between the 
headings for No. 16 (1190-micron) and 
No. 100 (149-micron). 

Make the following changes in require- 
ments: 

Size No. 3—Change per cent finer 
than 2 in. from “90 to 100” to “95 to 
100.” 

New Size——After size No. 467, add 
a new size No. 5 with a nominal size of 
1 to 3 in., per cent finer than 13 in., 100; 
1 in., 90 to 100; # in., 20 to 55; 4 in., 0 to 
10; in., Oto 5. 

Size No. 5.—Change size number to 
“56.” 

Size No. 57.—Change per cent finer 
than 1 in. from ‘90 to 100” to “95 to 
100.” 

Size No. 68.—Change per cent finer 
than No. 8 from “0 to 5” to “0 to 10,” 
and insert “0 to 5” finer than No. 16. 

Size No. 78.—Change per cent finer 
than No. 8 from “0 to 5” to “0 to 10,” 
and insert ‘‘0 to 5” finer than No. 16. 

Size No. 8.—Insert “0 to 5” finer than 
No. 16. 

Size No. 89.—Insert “O to 5” finer 
than No. 50. 

Size No. 9.—Insert “0 to 5” finer than 
No. 50. 

Standard Specifications for Crushed 
Stone, Crushed Slag, and Gravel for Bi- 
tuminous Concrete Base and Surface 
Courses of Pavements (D 692 —-47).32— 
The following revisions are recommended 
in order that these specifications will 
be in accord with the revised require- 
ments and the reason thereof of Specifica- 
tions D 448 as given above. The addi- 
tion of Size No. 7 as a coarse aggregate 
for use in fine-graded bituminous con- 
crete surface course mixtures has been 
recommended to bring these specifica- 
tions into accord with Tentative Speci- 
fications D 947. 


Section 5 (a).—Change size 5” 


to “No. 56” wherever it appears in this 
paragraph. Insert size “No. 7” as a 
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size specified for use in fine-graded 
bituminous concrete surface course in 


this paragraph. 


Note 2.—Change the combinations of sizes 
to read asfollows; 


Coarse Aggregate Size = — Seal-Coat Aggregate Size 
78 


Table I.—Make the following changes: 

Add an additional heading for a sieve 
size, No. 50 (297-micron), after the 
heading for No. 16 (1190-micron). 

Make the same changes for size Nos. 
3, 5, 57, 78, 8, and 9, as given above for 
Table I of Standard Specifications D 448. 

New Size.—Between size Nos. 67 and 
78, add the following requirements for 
a new size No. 7 to read as follows: 
“nominal size, } in. to No. 4; 2? in., 100; 
tin., 90 to 100; § in., 40 to 70; No. 4, 0 to 
15; No. 8, 0 to 5.” 

Standard Specifications for Crushed 
Stone and Crushed Slag for Bituminous 
Macadam Base and Surface Courses of 
Pavements (D 693 — 44).4—The commit- 
tee considers that the new size No. 5, 
as well as the former size No. 5, is 
suitable for use as choke aggregate when 
size No. 1 or size No. 2 is used as penetra- 
tion course aggregate, and accordingly 
recommends that this size be incor- 
porated in these specifications. The 
other revisions are recommended in 
order that the specifications will be in 
accord with the revised requirements of 
Specifications D 448 given above and 
with those recommended by the U. S. 


Department of Commerce in _ its 
Simplified Practice Recommendation 
R163-48. 

Section 5.—Insert size No. 56 below 


size No. 5 as an additional size number 
for use as choke aggregate. 

In the table of the note to this section, 
insert “56” in the suggested sizes of choke 
aggregate for use with viscous binders 
and with No. 1 or No. 2 sizes of pene- 
tration course aggregate. 


Table I.—Make the followi ying changes: 

Add an additional heading for sieve 
size, No. 50 (297-micron). 

Make the same changes for size Nos 
3, 5, 78, 8, and 9, as given above for 
Table I of Standard Specifications D 448 

New Size.—After size No. 3, add a 
new size “5” with the same requirements 
as given above for the new size No, 5 
in Standard Specifications D 448. 

Standard Specifications for Crushed 
Stone, Crushed Slag, and Gravel fo 
Water-Bound Macadam Base and Surfac 
Courses of Pavements (D 694-44)‘ 
The committee recommends the follow- 
ing revision to bring these specification 
in accord with the requirements recom 
mended by the U. S. Department o 
Commerce in its Simplified Practic 
Recommendation R163-48. 

Table I.—Change the requiremen 
for size No. 3, 2 in. sieve, from “90 t 
100” to ‘95 to 100.” 


ADOPTION OF TENTATIVES AS 
STANDARD 


Tenlalive Specifications for Emulsifed 
Asphalt (D 977 — 48 T).2—Committe 
D-4 recommends that these specifica 
tions be approved for reference to lette 
ballot of the Society for adoption a: 
standard without revision. These spec 
fications are in effect a consolidation 0! 
five existing standard specifications with 
out change of essential requirements and, 
when adopted, will replace _ thos 
standards. 

Tentative Method of Test for Moistur- 
Density Relations of Soils (D 698-4 
T).1~—The committee joins with Com- 
mittee D-18 in recommending that this 
method be approved for reference 
letter ballot of the Society for adoptio: 
as standard. 

Tentative Method of Test for Pew 
tration of Bituminous Materials (D5-* 
T).2—The committee also 
that this method be approved for 
reference to letter ballot of the Societ) 
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padoption as standard, with the follow- 
ig revisions: 

Section 4.—Change the sixth sen- 
ence to read as follows by the addition 
{the italicized words and numbers and 
xe omission of the numbers in brackets: 
The container and its contents shall 
loosely covered as a protection against 
iyst and be allowed to cool in an at- 
mosphere at a temperature nol higher 
j an 29.5 C. (85 F.) and not lower than 
r 4C. (75.2 F.)] 21 C. (70 F.) for not 
ss than 1} nor more than 2 hr.” 

Section 5 (b).—Change the second 
gatence to read as follows by the addi- 
tion of the italicized words and the omis- 
jon of those in brackets: ‘‘After each 
est the sample and transfer dish shall 
ve returned to the water bath while 
the needle is being carefully wiped to- 
yard its point first with a clean [dry] 
doth moistened with carbon tetrachloride 
‘0 remove all adhering bitumen, then 
witha clean, dry cloth.” 

Tentative Method of Test for Hot Ex- 
action of Asphaltic Materials and Re- 
inery of Bitumen by the Modified Abson 
Procedure (D 762 -- 47 T).2—The commit- 
tee recommends that this method be ap- 
proved for reference to letter ballot of the 
society for adoption as standard, with the 
iollowing revision: 

Sectton 5.—Add the following as 
anew Paragraph (a), relettering the 
piesent paragraphs accordingly: “5 (a) 
The following steps must be completed 
vithin 8 hr.” 


Py ADOPTION OF TENTATIVE REVISIONS 
AS STANDARD 

Standard Methods of Testing Emulsified 
Asphalts (D 244 — 42).4—Committee D-4 
jins with Committee D-8 in recom- 
mending that the tentative revision of 
these methods, submitted in June, 1947, 
‘ approved for reference to letter bal- 
lot of the Society for adoption as stan- 
‘ard. The tentative revision comprises 
tte addition of sections covering a 
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method for determination of residue by 
evaporation as an alternate to the me- 
thod by distillation. 

Standard Specifications for Preformed 
Expansion Joint Fillers for Concrete 
(Nonextruding and Resilient Types) (D 

A 


544-48) and Standard Methods of Test- 
ing Preformed Expansion Joint Fillers 
for Concreie (Nonextruding and Resilient 
Types) (D545-—48).2~—The committee 
also recommends that the tentative - 
revisions of these two standards sub- 
mitted in June, 1948, be approved for 
reference to letter ballot of the Society 
for adoption as standard. 

Standard Definitions of Terms Re- 
lating to Materials for Roads and Pave- 
ments (D8-46).A~—The committee 
further recommends that the tentative 
revisions of these definitions submitted 
in November, 1948, be approved for re- 
ference to letter ballot of the Society for d 
adoption as standard. These revisions 
comprise improvements in definitions 
of the following terms: Bituminous 
Material, Bituminous Emulsion, Cut- 
Back Products, Flux, Asphalt, Asphalt 
Rock (Rock Asphalt), and Water-Gas 
Tar; and withdrawal of definitions for 
the following terms: Petroleum, Topped 
Petroleum, Dead Oils, and Matrix. 


WITHDRAWAL OF STANDARDS 


In view of the recommendations for 
adoption as standard of ‘Tentative 
Method D 5 — 47 T and Tentative Speci- 
fications D 977 — 48 T, referred to earlier 
in this report, Commitee D-4 recom- 
mends that the following standards be — 
withdrawn: 


Standard Method of Test for: 
Penetration of Bituminous Materials (D 5 - 25) 


Standard S pecifications for: 


Medium-Setting Emulsified Asphalt (for Coarse 
Aggregate Plant Mixes) (D 397 — 39), 

Medium-Setting Emulsified Asphalt (for Retread 
and Coarse Aggregate Mixes) (D 398 - 39), 
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-Medium-Setting Emulsified Asphalt (Heavy 
Premix-Summer Grade) (D 399 - 39), 

— Quick-Setting Emulsified Asphalt (for Penetra- 
tion and Surface Treatment) (D 401-40), 
and 

- Slow-Setting Emulsified Asphalt (for Fine Aggre- 
gate Mixes) (" 631-46). 

The requirements of Standard Speci- 
fications for Sand for Sheet Asphalt and 

Bituminous Concrete Pavements (D 162 

— 29) are inconsistent with the require- 

ments of Tentative Specifications D 947 

and D 978, and the committee is pre- 

- paring a revision of the standard speci- 

; fications for sand. It is accordingly rec- 

ommended that Standard Specifications 

_D 162 be withdrawn. 


EDITORIAL CHANGES IN STANDARDS 


The committee recommends that the 
- following three standards be editorially 
changed, as indicated, by the addition 
of a Section on Precautions. 

Standard Method of Test for Soflening 
- Point of Bituminous Materials (Ring-and- 
Ball Method) (D 36 -26) 

Section 10.—Add a new Paragraph 
_ (c) to read the same as that given for 
Paragraph (b) of the new Section 4 of 
Standard Method D 139. 

Standard Method of Test for Soflening 
Point of Tar Products (Cube-in-Waler 
Method) (D 61 —38) :* 

New Section 7.—Add a new Section 7 
on Precautions by transfering Notes 1 
~ and 2 of Section 4 (c) as Paragraphs (a) 
and (0), respectively, and add a new 
Paragraph (c) to read the same as that 
_ given for Paragraph (5) of the new Sec- 
tion 4 of Standard Method D 139. 

Standard Method of Test for Ductility 
of Bituminous Materials (D113 - 44): 

New Section 5.—Add a new Section 5 
on Precautions which shall read the 
same as that given for Paragraph (0) of 
the new Section 4 of Standard Method 
D 139. 


REAFFIRMATION OF STANDARDS 


The committee recommends that the 
following seven standards which have 


been published for six years or longer 
without revision be reaffirmed: 


Method of Test for Abrasion of Rock by Use of 
the Deval Machine (D 2 - 33) 

Method of Test for Toughness of Rock (D3 
18) 

Method of Test for Distillation of Tar Products 
Suitable for Road Treatment (D 20 - 30) 
Method of Test for Softening Point of Bitumi- 
nous Materials (Ring-and-Ball Method) (D 36 

— 26) 
Method of Test for Softening Point of Tar Prod. 
ucts (Cube-in-Water Method) (D 61 - 33) 
Method of Test for Specific Gravity of Road Oil 
Road Tars, Asphalt Cements, and Soft Tar 
Pitches (D 70 - 27) 

Method of Test for Specific Gravity of Asphalts 
and Tar Pitches Sufficiently Solid to be 
Handled in Fragments (D 71 - 27), 


STANDARDS CONTINUED 


WitHout REVISION 


Committee D-4 recommends that the 
following standards be continued as 
standard, without revision. All of these 
standards have been reviewed by the 
subcommittees responsible for their de- 
velopment and found to be satisfactorily 
in accord with present practice. 


Standard S pecifications for: 


Materials for Cement Grout Filler for Brick and 
Stone Block Pavements (D 57 - 20), 

Materials for Sand-Cement Bed for Brick and 
Block Pavements (D 58 - 37), 

Granite Block for Pavements (D 59 - 39), 

Coal-Tar Pitch for Stone Block Filler (D 112- 
30), 

Recut Granite Block for Pavements (D 131- 
39), 

Granite Block for Durax Pavements (D 132- 
39), 

Asphalt Filler for Brick Pavements (D 241 - 43), 

Mineral Filler for Sheet Asphalt and Bituminous 
Concrete Pavements (D 242-39), 

Asphalt Plank (D 517 - 40), and 

Sodium Chloride (D 632 — 43). 

Standard Methods of Test for: : 

Determination of Bitumen (D 4-42), 

Proportion of Bitumen Soluble in Carbon Tetra 
chloride (D 165 - 42), 

Residue of Specified Penetration (D 243-5) 
and 

Sieve Analysis of Mineral Filler (D 546-41) 
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exommended Practice for: 


situminous Paving Plant Inspection (D 290 - 
3). 


Committee D-4 joins with Committee 
) in recommending that the Standard 
{ethod of Test for Specific Gravity and 
\psorption of Coarse Aggregate (C 127 - 
!))and the Standard Method of Test for 
specific Gravity and Absorption of Fine 
igoregate (C 128-42) be continued as 
standard, without revision. 


TENTATIVES CONTINUED 
Wityout REVISION 


The subcommittees of Committee D-4 
ad the joint subcommittee of Com- 
nittees D-4 and D-18 have reviewed 
aisting tentative specifications and 
methods of test which have been pub- 
ished by the Society for two years or 
more without revision, and Committee 
D-4 recommends that the following be 
continued as tentative without revision: 


Tentative Specifications for: 


Materials for Stabilized Base Course (D 556 - 
4)T) and Materials for Stabilized Surface 
Course (D 557 - 40 T). An effort is being 
made by the joint subcommittee of Com- 
mittees D-4 and D-18 and by a committee of 
the American Association of State Highway 
Officials to combine these two specifications 
and to present a more direct and simplified 
specification for suitable materials. 

Asphalt Cement for Use in Pavement Construc- 
won (D946 - 47 T). A subcommittee of 
Committee D-4 is engaged in a study of addi- 
Uonal requirements involving control of uni- 
lormity and properties of asphalt cements. 


Tentative Methods of Test for: 


Liss on Heating of Oil and Asphaltic Compounds 
'(D6-39T). This method is believed not 
'o have the precision desired, and a subcom- 
mittee has work in progress for the develop- 
ment of improved apparatus and procedure. 
The present tentative method has been in ex- 
‘ensive use for many years, however, and 
should be retained until a better method can 

beadopted. 

‘0ll-Bituminous Mixtures (D 915-47 T). Ex- 
ploratory tests involving some modifications 
esting temperatures are being conducted 
‘0 determine whether the method may be im- 


proved as a means of differentiating between 
soils of varying characteristics. 

Shear Strength of Flexible Road Surfaces, Sub- 
grades, and Fills by the Burggraf Shear Ap- 
paratus (1916-47 T). An effort is being 
made to improve this method of test and to 
insure more direct and uniform results as a re- 
sult of observations made in extensive use of 
this method on field projects by a committee 
of the Highway Research Board. 


The recommendations appearing in 
this report have been approved by letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


In 1947 the Society accepted for 
publication a tentative revision of the 
Standard Method of Test for Distilla- 
tion of Cut-Back Asphaltic Products 
(D 402 - 36), which was revised and 
adopted in 1948 as a standard method of 
test. Important revisions of the pre- 
vious standard method include require- 
ments for dimensions and capacity of the 
distillation flask, the rate of distillation, 
and the size of container used to receive 
the distillation residue. Experience with 
the former standard method had 
shown that the rates of distillation 
specified were not adaptable to all com- 
mercial materials, and that difficulties 
with foaming were a common experience. 
The revised method adopted in 1948 
has been shown to eliminate practically 
all of these difficulties and to give results 
substantially the same as the former 
method, making revision of specification 
requirements unnecessary. ‘The results 
of comparative tests on a series of cut- 
back asphaltic products made by labora- 
tories cooperating in the development of 
the revised method are shown in Table I. 

Subcommittees B-2 on Physical Tests for 
Compressed Bituminous Mixtures (L. F. 
Rader, chairman) and B-25 on Effect of 

6 The letter ballot vote on these recommendations was 


favorable. the results of the vote are on record at A.S.T.M. 
Headquarters. 
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TABLE I.—RESULTS OF COMPARATIVE DISTILLATION TESTS OF CUT-BACK ASPHALTIC PRODUCTS 
| Lab. A | Lab. B | Lab.C | Lab.D | Lab. E | Lab. F | Lab. G | Average 
or Propuct MC-3 Testep sy A.S.T.M. Metsop D 402 - 36° 
Distillation; per cent | 
 cishghtdvnanedsnenkecens 8.0 8.0 7.5 725| 7.5 7.5 1.63 
0 | 15.5 | 15.75| 16.0 | 16.0 | 16.25 15°9 
21.0 20.2 20.0 20.0 20.0 20.5 20.28 
Distillation Residue: 
OF 169 162 147 160 140 160 
(100 g., 5 sec.) 
__Propuct MC-3 Testep By A.S.T.M. Metuop D 402-489 
Distillation; per cent 
7.0 7.5 7.0 6.0 6.0 7.0 6.5 6.7 
15.5 15.5 15.5 16.0 15.0 16.0 | 15.75} 15.61 
20.5 | 20.6 | 19.75] | 19.5 | 20.25] 20.5 | 20:23 
Distillation Residue: 
Penetration at 77 F................- 177 158 148 176° 161 139 167 158 
_ (100 g., 5 sec.) 
Propuct MC-5 Testep sy AS.T.M. Metuop D 402 - 36° [ 
‘Distillation; per cent 
1.5 1.0 1.0 0.75 1.25 0.75 1.04 
7.5 7.5 7.5 7.5 8.0 8.0 1.6 
12.0 11.0 11.25} 11.0 12.0 11.75 115 
Distillation Residue: 
151 149 129 153 132 146 
_ (100 g., 5 sec.) 
a" — Propuct MC-5 Testep By A.S.T.M. Metuop D 402 - 48° 
‘Distillation; per cent 
off at 500 F 0.5 1.0 1.0 1.0 0.75 1.0 0.0 0.875 
off at 600 F 7.8 7.6 aa 7.5 6.75 7.25 7.0 7.3 
off at 680 F 12.5 11.0 11.0 11.5 10.5 11.0 11.75 | 11.32 
‘Distillation Residue: 
Penetration at 77 F.............. acoet S88 140 132 155° 144 130 144 141 
(100 g., 5 sec.) 
Propuct RC-2 Testep By A.S.T.M. Metuop D 402- 36° 
Distillation; per cent 
22.0 20.6 22.0 21.5 20.75 21.5 21.9 
24.0 24.0 24.25 24.0 23.25 24.0 24.25 rit 
26.0 25.5 26.25 25.25 25.0 26.0 25.67 
Distillation Residue: 
FF 104 97 95 88 92 106 
(100 g., 5 sec.) 
jaa, Propuct RC-2 Testep sy A.S.T.M. Metuop D 402 - 48° 
Distillation; per cent 

21.0 20.5 21.5 20.25 21.0 20.25 21.0 | 20.79 

23.5 33.3 24.0 23.0 24.0 22.75 24.0 | 23.51 

26.0 25.4 26.0 25.0 26.0 24.75 26.0 25.59 
Distillation Residue: 

Penetration at 77 112 97 90 90° 105 93 102 
g., 5 sec.) 
Propuct RC-S Testep sy A.S.T.M. Metuop D 402 - 36% A SE 
Distillation; per 
off at SOO F....... 8.5 7.7 8.0 6.5 8.0 8.5 1.87 
10.5 9.5 10.0 8.5 9.75 10.5 9.7 
12.0 10.7 11.0 9.5 11.25 | 12.0 | MLO 
Distillation Residue: 

106 97 95 87 97 103 
g., 5 sec.) 
Propuct RC-5 Testep By A.S.T.M. Metuop D 402 - 48° 

7.5 8.0 7.5 7.5 6.5 7.75 7.0 

10.0 10.0 9.5 9.0 90 9.5 9.5 

ee 12.0 11.0 11.0 10.7 10.5 11.25 11.0 11.0/ 
Distillation Residue: 9 

ee) 107 100 94 108° 92 101 102 | 
_ (100 g., 5 sec.) 


° These results were obtained using a 200-ml. sample with a 300-ml. flask and a 6-oz. container. 
These results were obtained using a 200 ml sample with a 500-mi. flask and an 8-oz container. 
© This test was made using the 6-oz. container; accordingly this value 1s not included in calculating average. 


ve 


Vater on Compressed Bituminous Mix- 
vs (C. A. Carpenter, chairman) have 
pared proposed methods for determin- 
s the resistance to plastic flow of fine- 
sggregate bituminous mixtures, the 
mpressive strength of compacted bi- 
minous mixtures, and the effect of 
ater on such mixtures. It is expected 
at tentative methods of test will be 
sbmitted to the Society during the 
oming year.® 

Subcommittee B-6 on Extraction and 
covery of Constituents from Bituminous 
firtures (R. R. Thurston, chairman) 
as comparative tests in progress in con- 
ection with the development of a 
nethod for the determination of the 
jitumen content of paving mixtures. 
Subcommittee B-7 on Viscosily and 
Float Test (J. N. Roche, chairman) plans 
to develop a tentative method for the 
determination of Engler specific vis- 
wsity and to conduct cooperative tests 
to study various details of the float test 
procedure for bituminous road materials. 
Subcommittee B-12 on Structural Prop- 
mies of Mineral Aggregates (Stanton 
Walker, chairman) has prepared a pro- 
posed method for the determination of 
wit particles in coarse aggregates re- 
fered to earlier in this report and is 
ittively studying an abrasion test for 
sand, 

Subcommittee B-21 on Solubility Tests 
E. H. Porter, chairman) has conducted 
series of comparative tests in connec- 
lon with preparation of an improved 
srocedure for determining the percent- 
«ge of bitumen by the present standard 
method. 

Subcommittee C-5 on Portland-Cement 
“oncrete for Pavements and Bases (A. A. 
Anderson, chairman) is preparing to 
‘mulate a proposed specification for 
mttland-cement concrete for highway 
pavements and bases. 


‘See Editorial Note, p. 400. 
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Subcommittee C-10 on Plant-Mix Bi- 
tuminous Surfaces and Bases (Fred 
Hubbard, chairman) is actively engaged 
in considering suggested improvements 
in the present tentative specifications for 
plant-mixed bituminous mixtures and in 
preparing specifications for nonbitumi- 
nous materials utilized in these mixtures 
which are not adequately covered by 
present A.S.T.M. specifications. 

Subcommittee C-13 on Bituminous Pav- 
ing Plant Operations (1. H. Boggs, chair- 
man) plans to review the Recommended 
Practice for Bituminous Paving Plant 
Inspection (D 290 - 39) and to recom- 
mend changes in this standard for the 
purpose of incorporating the best prac- 
tice in modern mixing plant operations. 

Subcommittee D-3 on Expansion Joint 
Materials (W. C. Ricketts, chairman) is 
preparing additional specifications for 
expansion joint materials and methods 
for their examination and expects to 
recommend a number of tentatives 
during the coming year. 


RESEARCH ACTIVITIES 


In addition to research involved in 
the standardization and improvement 
of testing methods, the subcommittees 
of Committee D-4 are engaged in the 
study of various problems upon which 
considerable research is necessary before 
essential information can be utilized 
in more significant and reliable methods 
of testing or control of materials. The 
field of the more important investiga- 
tions may be indicated by listing the 
following subjects: 


1. Development of a more reproducible and 
significant method for the determination of as- 
phalt content of asphaltic road materials. 

2. Study of existing laboratory methods for 
the physical testing of compressed bituminous 
mixtures and the development or standardiza- 
tion of adequate procedures 

3. Development and _ standardization of 
methods for determining structural properties of 


A 


‘ 


mineral aggregates as related to highway per- 
formance. 

4. Development of significant methods for 
determining the setting or curing properties of 
bituminous highway materials. 

5. Development of an improved and repro- 
ducible procedure for determination of the vola- 
tile matter in bituminous road materials. 

6. Study of accelerated tests for durability of 
bituminous materials, as related to performance 
and service. 

7. Development and standardization of 
methods for determining the effect of moisture 
on the performance of compacted bituminous 
road mixtures. 

8. Development and _ standardization of 
methods for determining the effect of water on 
bituminous coatings applied to mineral aggre- 
gates as a means of controlling characteristics 
of aggregates and bituminous binders. 

9. Study of methods for determining the 
specific gravity of coarse and fine aggregates, 
particularly those of absorptive character, and 


recommendations: 


New Tentative Specifications for: 


- 
Eprrorrat Nore 


Subsequent to the Annual Meeting, Committee D-11 presented to the So- 
ciety through the Administrative Committee on Standards the following 


the significance of various determinations as re. 
lated to their utilization in specifications for and 
control of aggregates and highway mixtures, 

10. Development and standardization of 
laboratory and field methods for the design and 
control of soils, soil mixtures, and treated soi] 
mixtures as utilized for the construction of high- 
way bases and surfacings. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 143 members; 101 members 
returned their ballots, of whom 98 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
F. H. Baumann, 
Chairman. 
B. A. ANDERTON, 
Secretary. 


Concrete Joint Sealers, Hot-Poured Type (D 1072 - 49 T), and 
Fine Aggregate for Sheet Asphalt and Bituminous Concrete Pavements (D 1073 - 49 T). 


New Tentative Methods of: 


Test for Compressive Strength of Bituminous Mixtures (D1074 - 49 T), and 
Test for Effect of Water on Cohesion of Compacted Bituminous Mixtures (D 1075 - 49 T). 


Tentative Revision of Standard Method of: 


Test for Determination of Bitumen (D 4 - 42). 


Tentative Revision of Standard Recommended Practice for: 


Bituminous Paving Plant Inspection (D 290 - 39). 


These recommendations were accepted by the Standards Committee on 
September 22, 1949, and the new tentatives and tentative revisions appear 
in the 1949 Book of A.S.T.M. Standards, Part 3. 


Mm 
1° 
sh 
| 
le 
=": 


REPORT OF COMMITTEE D-5 
ON 
COAL AND COKE* 


Committee D-5 on Coal and Coke 
held meetings in Detroit, Mich., on 
June 24, 1948, and in Chicago, IIl., on 
March 1, 1949. 

The Advisory Subcommittee held a 
meeting in Detroit, Mich., on June 24, 
1948, and in Chicago, Ill., on March 1, 
1949. It was agreed that the committee 
should cooperate in the international 
standardization of methods for sampling 
and analysis of coal for foreign trade. 
This work is a continuation of a project 
formerly started by the International 
Standards Association and now under 
the jurisdiction of Technical Committee 
27 on Solid Mineral Fuels of the Inter- 
national Standards Organization. The 
United Kingdom through the British 
Standards Institution will serve as the 
secretariat of the project. 

During the year three members were 
added to the committee and two mem- 
bers resigned, resulting in the present 
membership of 59, of whom 16 are classi- 
fied as producers, 20 as consumers, and 
23 as general interest members. 


ADOPTION OF TENTATIVE AS 
STANDARD 


_ The committee recommends that the 
Tentative Method of Drop Shatter Test 
for Coal (D 440 - 48 T), revised as nil 
pended hereto,! be approved for refer- 
tnce to letter ballot of the Society for 
adoption as standard. 


REAFFIRMATION OF STANDARDS 
The committee recommends reaffirma- 
* Presented at the Fifty-se sting 
Society, June 27-July “imme Annual Meeting of the 
Secien his revised method was adopted as standard by the 


ands, Part in the 1949 Book of A.S.T.M. Stand- 
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~ Commercial Varieties of Bituminous and Sub- 


tion of the following 15 standards? which 
have been published for six years or — 
longer without revision and which are 
considered to be in accord with present | 
practice: 


Standard Specifications for: 


Gas and Coking Coals (D 166 - 24), 
Classification of Coals by Rank (D 388 —- 38), " 
Classification of Coals by Grade (D 389 - 37). 


Standard Method of Test for: 


Volume of Cell Space of Lump Coke (D 167 - 
24), 

Cubic Foot Weight of Crushed Bituminous 
Coal (D 291 - 29), 

Cubic Foot Weight of Coke (D 292 - 29), 

Sieve Analysis of Coke (D 293 - 29), 

Tumbler Test for Coke (D 294 — 29), 

Size of Anthracite (D 310 — 34), 

Sieve Analysis of Crushed Bituminous Coal 
(D 311 - 30), 

Sampling Coke for Analysis (D 346 — 35), 

Screen Analysis of Coal (D 410 — 38), 

Index of Dustiness of Coal and Coke (D 547 - 
41). 


Standard Definitions of: 


Terms Relating to Coal and Coke (D 121 — 30), 
and 


bituminous Coals (D 493 —- 39). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following methods, which have been pub- 
lished as tentative for two years or longer 
without revision, be continued as tenta- 
tive because revisions are under con- 
sideration or in prospect: . 


21946 Book of A.S.T.M. Standards, Part III-A. 


Tentative Methods of Test for: 


Grindability of Coal by the Ball-Mill Method 
(D 408 - 37 T),? and 

Grindability of Coal by the Hardgrove-Machine 
Method (D 409 — 37 T)? 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 

Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Methods of Testing 
(W. A. Selvig, chairman).—A Special 
Section on Revision of Ultimate Analysis 
Methods, under the chairmanship of 
O. W. Rees, has been active this past 
year in accumulating data and conduct- 
ing experimental work with a view of 
_ revising the methods for determination of 
carbon, hydrogen, and nitrogen as given 

in the Standard Methods of Laboratory 
_ Sampling and Analysis of Coal and Coke 
-(D 271-48). This special section held 
a meeting in Chicago, Ill., on February 
28, 1949, and made plans to prepare a 
revision of the methods for carbon and 
hydrogen for circulation for criticism. 
Another meeting of the special section is 
to be held in Pittsburgh in May. Lab- 
oratories of the following institutions are 
- cooperating in this work: Battelle Me- 
-morial Institute, Columbus, Ohio; 
Canadian Bureau of Mines, Ottawa, 

Canada; Eastern Gas and Fuel Asso- 
ciates, Pittsburgh, Pa.; Illinois State 
Goalogical Survey, Urbana, IIl.; Insti- 
of Gas Technology, Chicago, 

School of Mineral Industries, Pennsyl- 

vania State College, State College, Pa.; 
and U. S. Bureau of Mines, Pittsburgh, 
Pa. 

Subcommillee XI on Coal Friability 
_(R. E. Gilmore, chairman) revised the 

Tentative Method of Drop Shatter Test 
for Coal (D 440-48 T) which is now 

3 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at A.S.T.M. 
Headquarters. 
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being recommended for adoption as 
standard as revised. This revision elim. 
inates the former provision that a 
standard size of 3 by 2-in. coal be used 
for comparing friability of different coals 
and this elimination required consider- 
able changes in the text of the method. 
Experimental data have shown the un- 
reliability of using a standard size of 3 
by 2-in. as a criterion of judging relative 
friability of different coals. 
Subcommittee XV on Plasticity and 
Swelling of Coal (C. C. Russell, chairman) 
at a meeting held in Chicago, IIL, on 
February 28, 1949, reported results of 
cooperative tests by different labora- 
tories using the Gieseler plastometer 
method on standard samples of two 
widely different grades of pitch. These 
tests showed variations sufficiently large 
to show the need of further standardiza- 
tion of the instrument design. When 
this is done, cooperative tests will be 
made on new samples of pitch as a further 
check on reproducibility of test results. 

As the free-swelling index test has 
been widely adopted both in this country 
and abroad, the subcommittee has agreed 
that the present Standard Method of 
Test for Free-Swelling Index of Coal 
(D 720 — 46) should be revised by adopt- 
ing the term “zero button” to designate 
coals which do not form a coherent mass 
and that provisions should be made for 
estimating the swelling indices of coals 
which do not give buttons that match 
with the standard profiles. An appro- 
priate scheme for the latter has bees 
published by the U. S. Bureau of Mines, 
and is under consideration by the sub- 
committee. A revision will probably be 
presented next year. 

Subcommittee XVI on Ignitibilily 
Coal and Coke (R. A. Sherman, chairman) 
held a meeting on February 28, 1949, 

“ vestigation of 


Index-of Coal,’”’ U. S. Bureau of Mines Report of Imvestise 
tions No. 4238 (1948). 
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Chicago, Ill., to discuss a laboratory 
method of test it has had under con- 
sideration for some time for testing re- 
activity or ignitibility of coal. It has 
heen difficult to correlate the results of 
the test method with the behavior of 
coal in regular combustion equipment; 
however, rather good correlation has been 
reported between the test method re- 
sults and the storage characteristics of 
cal. The subcommittee plans to write 
up the method of test in standard form 
for publication for information so it 
would be available to anyone interested 
in starting work on the reactivity or 
ignitibility of solid fuels. 

Subcommittee XX on Sampling and 
Fineness Test of Pulverized Coal (J. B. 
Romer, chairman) at a meeting held on 
March 1, 1949, in Chicago, IIl., an- 
nounced plans of enlarging the personnel 
of the subcommittee by the addition of 
members representing some of the large 
public utilities burning pulverized coal. 


Experimental work is continuing on the 
problem of collecting representative 
samples of pulverized coal from streams 
of coal and air inside pipes between coal 
pulverizers and furnaces, and on pro- 
cedures best adapted for making fineness 
tests in the laboratory. This investiga- 
tion will lead to a major revision of the 
present Method of Sampling and Fine- 


ness Test of Powdered Coal (D 197 - 30). 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 59 members; 54 members re- 
turned their ballots, of whom 53 have q 
voted affirmatively and 1 negatively. — 


Respectfully submitted on behalf of 
the committee, 
W. A. SELvIG, 
C. H. SAWYER, 
Secrelary. 
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Committee D-6 on Paper and Paper 
Products held two meetings during the 
year: on June 23, 1948, at Detroit, 
Mich., and on February 25, 1949, at 
New York, N. Y. 

The Advisory Committee held two 
meetings during the year: on October 
29, 1948, and on February 25, 1949, 
both at New York, N. Y. 

Cooperative relations are being con 
tinued between Committee D-6 
other A.S.T.M. committees, as well as 
with other standardizing bodies. 

At the present time, Committee D-6 
consists of 86 members, of whom 70 are 
voting members; 27 are classified as 
producers, 26 as consumers, 27 as general 
interest, and 6 as consulting members. 


NEw TENTATIVES 


The committee recommends that the 
following four new methods, prepared 
by Subcommittees I and IV, be ac- 
cepted for publication as tentative, as 


appended hereto:! 
Tentative Methods of Test for: oo 
Creasing Paper for Permeability Tests, 
Fiber Analysis of Paper and Paperboard, 
Ply Separation of Combined Container Board, and 
Scuff Resistance of Paperboard. 


_ApopTION OF TENTATIVES AS STANDARD 


The committee recommends that the 
following five tentative methods be ap- 
proved without change for reference to 
letter ballot of the Society for adoption 
as standard: 


* Presented at the Fifty-second Annual Meeting of the 
Society, June 27-July 1, 1949. 
; 1 These methods were accepted as tentative by the 
Society and appear in the 1949 Book of A.S.T.M. Stand- 
ards, Part 4. 


REPORT OF COMMITTEE D-6 
ON 
PAPER AND PAPER PRODUCTS* 


Tentative Methods of Test for:? 

Bleeding Resistance of Asphalted Paper at 
Elevated Temperature (D 917 - 47 T) 

Blocking Resistance of Paper and Paperboard 
(D 918 - 47 T), 

Copper Number of Paper and Paperboard 
(D 919 - 47 T), 

Crease Retention of Wrapping Paper (D 920 - 
47 T), and 

Titanium Dioxide in Paper (D 921 - 47 T),. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption the following revisions 
in the Standard Method of Conditioning 
Paperboard, Fiberboard and Paperboard 
Containers for Testing (D 641 -43) 
and accordingly asks for a nine-tenths 
affirmative vote at the Annual Meeting 
in order that these recommendations 
may be referred to letter ballot of the 
Society: 

Section 4. Add the following as a new 
Paragraph (0), relettering the subsequent 
paragraphs accordingly: 

(b) Specimens which are prepared for test 
by sealing or other assembly making use of 
aqueous adhesives shall be preconditioned after 


such operations to dissipate the moisture 9 
added. 


REAFFIRMATION OF STANDARDS 


The committee recommends the re 
affirmation of the following eleven stand: 
ards which have stood for six years 0 
more without revision and are still con- 
sidered to be in accord with present 
practice: 


21947 Supplement to Book of A.S.T.M. Standards, 
Part 
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amd, 


sndard Methods of Test for: 


Bulking Thickness of Paper (D 527 - 41), 
\achine Direction of Paper (D 528 - 41), 
Water-Soluble Acidity or Alkalinity of Paper 


(D 548 - 41), 


‘ampling Paper and Paper Products (D 585 - 


42), 
sh ‘Content of Paper and Paper Products 
(D 586 - 42), 
asein in Paper (D 587 - 42), 
\lpha-Beta- and Gamma-Cellulose in Paper 
(D 588 - 42), 
wrafin Content of Waxed Paper (D 590-- 42), 
arch in Paper (D 591 - 42), 
dlding Endurance of Paper (D 643 - 43), and 
‘hickness of Paper and Paper Products (D 645 - 
43), 


TENTATIVE CONTINUED 
WITHOUT REVISION 


An instrumentation study is currently 
eing made in connection with the Tenta- 
tive Method of Test for Puncture and 
stiffness of Paperboard, Corrugated, 
and Solid Fiberboard (D 781-44 T). It 
is therefore recommended that this 
method be continued as tentative until 
this study is completed. The remain- 
ing tentative methods under the juris- 
diction of Committee D-6, although 
requiring no revision, are also recom- 
mended for continuation as tentative. 

The recommendations appearing in 
this report have been submitted to letter 
tallot of the committee, the results of 


which will be reported at the Annual 
Meeting * 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Paper Testing 
Methods (M. S. Kantrowitz, chairman) 
ield one meeting during the year. The 
work of the subcommittee was tempo- 
‘arly interrupted by the sudden death 
® January 18, 1949, of its previous 
‘lairman, C. G. Weber. The subcom- 
mittee has been active in developing new 
methods of test and has also continued 
*Thelet 


ter ballot vote on these recommendations was 


“vorable: the resul 
the ts of the vote are on record at A.S.T.M. 


its critical study of various methods 
of test of paper and paper products 
that have been adopted by other 
agencies, for example those of the 
Technical Association of the Pulp and 
Paper Industry. The subcommittee pre- 
pared two of the four new methods of 
test which are being recommended for 
publication as tentative, namely, Creas- 
ing Paper for Permeability Tests, and 
Fiber Analysis of Paper and Paper- 
board. The five tentative methods being 
recommended for adoption as standard 
and the eleven standards reapproved 
without revision are also under the juris- 
diction of this subcommittee. 

Methods on the following subjects 
are being given consideration by the 


subcommittee: 
a 
Erasability, 
Stiffness, 
Gloss, 
Lint, 


Chloride content, 
Sulfate content, and 
Expansivity. 


In addition to the above subjects, 
studies are being made which may lead 
to proposed revisions in the Standard 


Methods of Test for Basis Weight of — 


Paper and Paper Products (D 646 - 44) 
and Hydrogen Ion Concentration (pH) 
of Paper Extract (D 778 - 46) and the 
Tentative Method of Test for Organic 
Nitrogen in Paper and Paperboard 
(D 982 - 48 T). 

Subcommittee II on Significance of 
Test Methods held no meetings during 
the year. C. C. Heritage resigned as 
chairman and L. S. Reid was appointed 
to succeed him in this office. 

Subcommittee IIT on Specifications for 
Paper (P. S. Wehmer, chairman) held 
no meetings during the year. This sub- 
committee is currently developing speci- 
fications for filter paper for chemical 
analysis. It has also been studying 
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various specifications for paper and paper 
_ products that have been adopted by other 
agencies, such as the Federal Specifica- 
tions Board. 

Subcommittee IV on Container Board 
(W. B. Lincoln, Jr., chairman) held two 
meetings during the year and is cur- 
rently working on the following test 
procedures: 


The subcommittee prepared two of 
- the four new methods of test which are 
being recommended for publication as 
tentative, namely, Ply Separation of 
Combined Container Board, and Scuff 
Resistance of Paperboard. Standard 
Method D 641 for which revision is 
- recommended for immediate adoption is 
also under the jurisdiction of this sub- 
committee. 

The establishment of Subcommittee 
V on Research has been authorized and 
its organization will take place in the 
near future. 


Ring crush test, » 
Static bending test, 

Flat crush test, 

Tensile strength test, and 
Bursting strength test. 


Secrelary. 
z4 


The Advisory Committee held two 
meetings during the year as previously 
noted. Various recommendations were 
made for the guidance of Committee D-6, 
Among the more important of these 
were recommendations for revision by 
Subcommittee II of the monograph on 
“Characteristics, Nomenclature and Sig. 
nificance of Tests” and for expansion of 
the work of Subcommittee ITI to include 
the development of specifications for 
papers used in multiwall bags and several 
additional papers of industrial impor- 
tance. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 70 voting members; 42 mem- 
bers returned their ballots, of whom 37 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
W. R. WILLEts, 
Chairman. 


H. A. BrrDSALL, 
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Committee D-7 on Wood met at Chi- 
cago, Ill., on March 15, 1949, at the time 
of the Fiftieth Annual Meeting of the 
American Railway Engineering Associa- 
tin. A number of the subcommittees 
held meetings prior to the main com- 
mittee meeting. 

The membership of the committee now 
consists of 80 of whom 14 are consulting 
members. The -recent significant in- 
crease reflects the broadening activities 
of the committee, as illustrated by the 
organization of Subcommittee VII on 
Wood Poles and Cross Arms and the in- 
creased interest in other phases of the 
work. Further enlargement is antici- 
pated as Subcommittee XIII on Dura- 
bility and Exposure is organized, and as 
other fields of work are activated. 


New TENTATIVES 


The committee recommends the pub- 
lication as tentative of the following 


specifications and methods, as appended 
hereto:! 


Tentative Specifications for: 


Creosoted End Grain Wood Block Paving for 
Interior Use 

Chromated Zinc Chloride 

Tanalith 


Tentative Methods of: 


Chemical Analysis of Chromated Zinc Chloride 
Chemical Analysis of Tanalith 
Conducting Static Tests of Wood Poles 
¢st for Evaluating the Properties of Building 
Boards 
June Annual Meeting of the 
1hsort entative the Society and appear in t 
“Ad Book of A.S.T.M. Part 
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ON 


WOOD* 


Tentative Definitions of: 
Terms Relating to Plywood and Veneer 


REVISIONS OF STANDARDS, IMMEDIATE 
ADOPTION 


The committee recommends revisions 
for immediate adoption in the following } 
standards and accordingly asks for a 
nine-tenths affirmative vote in order that | 
these recommendations may be referred _ 
to letter ballot of the Society: 

Standard Specifications for Creosote (D — 
390 - 36);? 

Section 2.—Change footnote a to read 
as follows: 

“Samples of creosote taken from working 
tanks may show increases in matter insoluble 
in benzol and coke residue, due to treating 
operations. If neither the matter insoluble | 
in benzol nor the coke residue exceeds the speci- 
fication limit by more than 1 per cent of the 
sample, and if it can be shown that the original ‘ 
creosote was specified quality, the used creosote 
shall be regarded as conforming to the specifica- 
tion. 

| 


Standard Method of Test for Distilla 
tion of Creosote (D 246 - 42)? 

Section 7 (b).—Change to read as fol- 
lows: 

(b) If the fraction up to 210 C. contains 
water, the amount of water shall be determined 
(Note). Correction to water-free basis accord- — 
ing to the following formulas, shall be applied 
to each of the fractions to express percentage © 
based on the weight of the water-free sample. 


Fraction to 210 C.: 
Percentage (water-free basis) = 


(weight of 
fraction — W) X 100 — W 


2 1946 Book of A.S.T.M. Standards, Part II. 
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Second and Subsequent Fraction Including Res- 
idue: 
Percentage (water-free basis) = weight of 


100 
fraction X 100 — W 


where: 

W = milliliters of water, expressed as grams, 
in fraction distilling to 210 C. (1 ml. of 
water = 1 g. (approx.)) 

Note.—The amount of water contained in 
this fraction may be determined Ly either of the 
following methods: 

(1) Transfer fraction, after weighing, to a 
tube or cylinder graduated in #5 ml. Rinse the 
receiver several times with benzol, adding rins- 
ings to tube or cylinder containing fraction or, 

(2) Fraction up to 210 C. may be collected 
in a tared 5 ml. graduated cylinder having a 
flared top. After weighing, add benzol which 
will result in a clear separation of the water and 
oily distillate. 

Standard Methods of Test for Insoluble 
Matter in Creosote (D 367 33).*—The 
committee recommends revision of these 
methods as appended hereto.* 

Standard Methods of Tesling Small 
Clear Specimens of Timber (D 143 - 48) :4 
The following changes will be effective in 


developing still further international 


agreement on methods of testing wood 
and are based on the recommendations 
of an international conference. These 
revisions broadly do not affect the basic 
procedures embodied in Methods D 143 
for the several mechanical tests. An in- 
crease in the size of the toughness test 
specimen is recommended to bring it up 
to the minimum cross-section of 0.79 by 
0.79 in. (2 by 2 cm.) recommended. 
Some of the changes are very minor and 
repetitive, as for example, the require- 
ment that the moisture section shall be 
“approximately 1 in. in length” rather 
that “1 in. in length.” Somewhat more 
accurate control of test conditions with 
respect to temperature is suggested be- 
cause of the significant effect of this fac- 


3 These revised methods and specifications were ac- 


; copted by the Society and appear in the 1949 Book of 


.5.T.M. Standards, Part 4. 
Ae Supplement to Book of A.S.T.M. Standards, 


Part I 


tor. In the shear-parallel-to-grain test. 
the speed of test has been increased from 
“0.015 in. per minute” to “0.024 in. per 
minute” to permit conducting this test 
more expeditiously. ‘These are illustra- 
tive of the changes recommended. 

Section 2 (a).—Omit from the first sen- 
tence “tension perpendicular to grain,” 
and add the following as a new second 
sentence: “The tension perpendicularto 
grain test also included is optional.” 

Section 3.—Change to read as follows: 

3. The material shall be from trees selectec 
in the forest by one qualified to identify the 
species and to select the trees. Whenever prac 
ticable this should be a member of the timber 
mechanics staff of the laboratory concerned 
and where necessary herbarium samples includ. 
ing leaves, fruit, twigs, and bark shall be ob. 
tained to insure positive identification. 


Section 4.—Change to read as follows: 

4. For each species to be tested, at least 
five trees representative of the species shall be 
selected. 

Section 5.—Change the first paragraph 
to read as follows: | 

5. The material of each species selected for 
test shall be representative of the merchantable 
bole of the tree. One method of selection which 
has been found satisfactory is as follows: 

Section 13 (b).—Change to read as fol- 
lows: ‘“(b) Photographs of the standing 
trees selected should be taken where 
practicable.” 

Section 15.—Add the following to the 
last sentence and the subsequent sen- 
tence to the end of the paragraph: “and, 
when necessary, sprinkled regularly with 
water to prevent drying. As an alterna- 
tive to piling on skids, the logs may be 
stored in water prior to testing.” . 

Photographing, Sawing, and Fino 
Marking.—Add the following as 
under this center heading. 


Nore.—In sawing, marking and selecting 
test sticks, the aim should be to obtain spec 
mens representative of the material collecte+. 
The procedure described herein is one that 
been found satisfactory for most species. 
— 


| 
| 


Section 19.—Add the following as a 


sew Paragraph (c): 


(¢) The above procedure provides for end to 
4 matching (end matching) of sticks to be 
ted air dry with those to be tested green, 
sich is to be preferred when practicable. If, 
eause of the nature of the material, end match- 
ng is not practicable, side matching may be 


(c).—Insert 


Section 22 “approxi- 
ately” before “1 in.” in the first sen- 
nce. Change the last sentence to read 
follows: “When conditioned to 
proximately 12 per cent moisture con- 
nt, the material shall be surfaced on 
ur sides to 2 by 2 in. in cross-section 
nd tested.” 

Section 22 (e).—Change to read as fol- 
OWS: 


(e) The seasoned sticks, whether kiln-dried 
r air-dried, preferably should be stored in a 
rom having controlled temperature and hu- 
udity (at approximately 70 F. and 65 per cent 
lative humidity) before test to reduce the 
moisture gradient within the material, and to 
‘ing the material into equilibrium, which 
vill be approximately 12 per cent moisture con- 
ent for most species. 


Section 24. —Change to read as follows: 


4. In case the material from a given bolt 
‘would be insufficient to furnish all the test 
‘pecimens hereinafter required (logs or bolts less 
‘san 24 in. in diameter), additional bolts may 
ie selected. If additional material is not avail- 
ile the preferential order of mechanical tests 
wo be used in selecting specimens shall be as 
illows: Static bending, compression parallel 
“grain, impact bending, toughness, compres- 
“on perpendicular to grain, hardness, shear par- 
“+l to grain, cleavage, tension parallel to grain, 
aod tension perpendicular to grain. 


Section 30.—Change to read as follows: 


_ 0. Two toughness specimens shall be se- 
“tel from the uninjured portion or end of 
mpact bending specimen or companion 
oe bending specimen, making a total of 32 
‘ughness specimens for each bolt. One from 
= soup of two specimens from the same 
s shall be tested with the load applied 
“wally and the other tested with the load ap- 
tangentially, 
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Control of Moisture Content and Tem- 
perature-—Add the following as a note 
under this center heading: 


Note.—In recognition of the significant 
influence of temperature and humidity on the 
strength of wood it is highly desirable that these 
factors be controlled to ensure comparable test 
results. 


Section 42.—Change to read as follows: 


42. Independent of the effect on strength of 
the moisture content of the test specimens as 
influenced by temperature, is the significant 
effect of temperature itself on the mechanical 
properties. The specimens when tested shall 
be at a temperature of 70 F. or as near to 70 F. 
as practicable. The temperature at time of 
test shall in all instances be recorded as a 
specific part of the test record. 


Section 45.—Change to read as follows: 


45. Center loading and a span length of 28 
in. shall be used. Both supporting knife-edges 
shall be provided with bearing plates and rollers 
of such thickness that the distance from the 
point of support to the central plane is not 
greater than the depth of the specimen (Fig. 6). 
The knife-edges shall be adjustable laterally 
to permit adjustment for slight twist or warp 
in the specimen. Alternately, the method of 
supporting the specimen in trunnion-type sup- 
ports which are free to move in a horizontal 
direction may be employed. 


Section 49.—In Paragraph (a), in the 
beginning of the second sentence, add “at 
least” before ‘‘one-third.” 

In Paragraph (c) of this section, add 
the following to the last sentence: “and 
also after abrupt changes in load.” 

In Paragraph (d) of this section, add 
“read and” before the word “shown.” 

Section 51.—Insert ‘approximately’ 
before the length dimension “1 in.” 

Section 52.—Change to read as follows: 


52. The compression-parallel-to-grain tests 
shall be made on nominal 2- by 2- by 8-in. 
specimens. The actual cross section dimen- 
sions, and the lergth shall te measured (Section 
122). 


Section 53.—Delete this section, re- 


ert 
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numbering the subsequent sections ac- 
cordingly. 


| Figure 9.—Delete this figure. 
54. Special care shall be used in preparing 


the compression-parallel-to-grain test speci- 
mens to insure that the end grain surfaces will 
_ be parallel to each other and at right angles to 
_ the longitudinal axis. If deemed necessary, at 
least one platen of the testing machine shall be 
- equipped with a spherical bearing to obtain 
uniform distribution of load over the ends of 
the specimen. 


Section 54.—Change to read as follows: 


Section 55.—Delete this section on 
_ spherical bearing. 
Section 56.—Change to read as follows: 


56. The load shall be applied continuously 
throughout the test at a rate of motion of the 
- movable crosshead of 0.003 in. per in. of speci- 


-men length per min. (Section 123). 


Section 57 (a).—Change the first sen- 


tence to read as follows: ‘‘Load-com- 


pression curves shall be taken over a 
central gage length not exceeding 6 in. 
and preferably on all of the specimens.” 
Delete the present third sentence. 

Section 60.—Insert “approximately” 
before the length dimension “1 in.” 

Section 61.—Change the first sentence 
to read as follows: ‘“‘When practicable, 
the number of rings per inch and the 
proportion of summer wood shall be 
_ measured over a representative inch of 
cross-section of the test specimen.” 

Section 68.—Change to read as follows: 


68. Where desired, graphical drum records 
giving the deflection for each drop and the set, 
if any, should be made until first failure occurs. 
This record will also afford data from which the 


exact height of drop can be scaled for at least 
_ the first four falls. 

Seclion 71.—Insert ‘approximately” 

before the length dimension “1 in.” 


Toughness.—Add the following as a 
note under this center heading. 


Note.-—A single blow impact test on a small 
- specimen is recognized as a valuable and desir- 
Several types of machines such as 


able test. 


the Toughness, Izod, and Amsler have been 
used, but insufficient information is available 
to decide whether one procedure is superior to 
another, or whether the results by the different 
methods can be directly correlated. If the 
Toughness machine is used, the following pro- 
cedure has been found satisfactory. To aid in 
standardization, and to facilitate comparisons 
the size of the toughness specimen has been 
made equal to that accepted internationally, 


Section 72.—Change the first sen- 
tence to read as follows: “The toughness 
tests shall be made on 0.79 by 0.79 by 
11-in. (2- by 2- by 28 cm.) specimens.” 

Section 73.—Change the first sentence 
to read as follows: “Center loading and 
a span length of 9.47 in. (24 cm.) shall 
be used.” 

Section 77.—Insert “approximately” 
before the length dimension “2 in.” 

Section 82 (a).—Add the following 
sentence to this paragraph: “Compres- 
sion will be measured between the load- 
ing surfaces.” 

Section 83.—Insert “approximately” 
before the length dimension “1 in.” 

Section 85.—Change the second sen- 
tence to read as follows: “The load at 
which the “ball” has penetrated to one- 
half its diameter, as determined by an 
electrical circuit indicator or by the 
tightening of the collar against the 
specimen, shall be recorded.” 

Section 86.—Change the first sentence 
to read as follows: ‘Two penetrations 
shall be made on a tangential surface, 
two on a radial surface, and one on each 
end.” 

Section 88.—lInsert “approximately” 
before the length dimension “1 in.” 

Shear Parallel to Grain.—Add the fdl- 
lowing as a note under this center 
heading: 

Note.—The following describes one method 
of making the shear parallel-to-grain test that 
has been extensively used and found satisfac: 
tory. 

Section 91.—Change to read as follows: 

91. The load shall be applied continuously 
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throughout the test at a rate of motion of the 
novable crosshead of 0.024 in per min. (Section 
123). 


Tension Perpendicular to Grain.— 
Insert “Optional Test” under this center 
eading. 
Tension Parallel to Grain.—Add the 
lowing as a note under this center 
jeading : 


Nore—One method of determining the 
tnsion-parallel-to-grain strength of wood is 
ven in the following procedure. 


Section 110.—Change Paragraphs (a), 
b), (d), (e), and (h) to read as follows, 
aving Paragraphs (c), (f), and (g) in 
their present form: 


110. (2) Both specific gravity and shrink- 
ge-in-volume determinations shall be obtained 
nm the same specimen. ‘These determinations 
hould be made at approximately 12 per cent 
moisture content and in the oven-dry condition. 

(\) A carbon impression of the end of the 
green specimen may be made on the back of 
the data card. In like manner, a carbon im- 
pression of the same end may be made after the 
specimen has been conditioned (Paragraphs 
(d) and (e)). 

(d) The green specimens after immersion 
shall be open-piled and allowed to air-season 
under room conditions to a uniform moisture 
content of approximately 12 per cent. The 
specimens should then be weighed and the vol- 
ume determined by the immersion method. 

(¢) The specimens used for specific gravity 
and shrinkage determinations at 12 per cent 
moisture content, or duplicate specimens on 


which green weight and volume measurements 
tave been made prior to conditioning to approxi- 
nately 12 per cent moisture content, shall then 
% open-piled in an oven and dried at 100 C. 
until constant weight is reached. 

: (#) Fig. 27 illustrates an apparatus used in 
“termining the specific gravity and shrinkage 
a volume, The use of an automatic balance 


vill facilitate increased rapidity and accuracy of 
measurements. 


Section 114 (a).—Change to read as 
follows: 


nia The green specimens shal] be open-piled 
allowed to air-season under room conditions 


rs uniform moisture content of approximately 
per cent. 
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Section 115.—Change to read as fol- 
lows: ‘‘Measurements shall be made on 
the air-dry and on the oven-dry speci- 
men.” 

Section 123.—In the first sentence, 
change “shall’’ to “should.” 


REVISION OF STANDARDS AND 
REVERSION TO TENTATIVE 


The committee recommends that the 
following standards? be revised, as ap- 
pended hereto,* and reverted to ten- 
tative: 


Standard Specifications for: 
Creosote-Coal-Tar Solution (D 391 - 36), 
Zinc Chloride (D 432 - 39), and 

Standard Methods of: 


Chemical Analysis of Zinc Chloride (D 199 - 
27). 


STANDARDS CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following 12 standards? which have 
stood for six years or longer without 
revision be continued as such without 
change: 


Standard Specifications for: 

Round Timber Piles (D 25 - 37), 

Wooden Paving Blocks for Exposed Pavements 
(D 52 - 20). 


Standard Methods of: 

Sampling and Testing Creosote (D 38 -33), 

Test for Coke Residue of Creosote (D 168 — 30), 

Static Tests of Timbers in Structural Sizes 
(D 198 - 27), 

Volume and Specific Gravity Correction Tables 
for Creosote and Coal-Tar (D 347 - 33), 

Test for Specific Gravity of Creosote (D 368 - 
33), 

Test for Specific Gravity, 38/15.5 C., of Creosote 
Fractions (D 369-33), 

Test for Water in Creosote (D 370 - 33), 

Test for Tar Acids in Creosote and Creosote- 
Coal-Tar Solutions (D 453 - 41). 


Standard Definitions of: 


Terms Relating to Timber (D 9 - 30), and 
Terms Relating to Timber Preservatives 


(D 326-41). 
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The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Specifications for 
Timber (L. J. Markwardt, chairman).— 
In accordance with the action taken at 
the 1948 meeting of Committee D-7, 

consideration was given to the with- 
- drawal of the Standard Specifications 
for Structural Wood Joist and Planks, 
_ Beams and Stringers, and Posts and 

Timbers (D 245 - 37). Criticism of this 
standard was raised by the lumber 
industry because it was not in con- 
formity with the grading rules of the 
various regional lumber associations and 
hence could not be used directly for 
purchase of structural material. While 
the specification requirements of Specifi- 
cation D 245 were in accord with ac- 
cepted principles of structural grading 
and with American Lumber Standards, it 
did not contain a foreword calling atten- 
tion to the fact that it was not recognized 
commercially, or a cross reference re- 
lating it to the accepted commercial 
specifications of the regional lumber 
associations. 

The subcommittee voted to recom- 
mend the withdrawal of Standard D 245° 
as such, and replace it with a new one 
covering the broad principles of stress 
grading as set forth in U.S.D.A. Miscel- 
laneous Publication No. 185 and its two 
supplements, and by illustrating the 
principles by one or more grade examples. 

Subcommitiee II on Laminated Timber 
(F. J. Hanrahan, chairman).—A draft of 
a tentative method of test for deter- 
mining the integrity of glue joints in 
laminated structural members for ex- 


5 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at A.S.T.M 
Headquarters. 

6 See Editorial Note, p. 414. 
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terior service was prepared and reviewed 
by the subcommittee as its meeting on 
March 14. The method under consider. 
ation involves cyclic treatments con. 
sisting, while immersed in water, of g 
2 hr. vacuum (20 to 25 in. of mercury), a 
2 hr. air pressure (75 psi), both after 
repetition to be followed by drying in 
air for 88 hr. (80 to 85 F., 30 per cent 
relative humidity). By repeating this 
entire cyclic procedure twice, a 12-day 
test is provided as compared to th 
six-months period which was previous|; 
required. Further study will be give 
the proposed method during the year. 

Subcommittee III on Plywood (J. A 
Liska, chairman) prepared during th 
past year a list of standard definitions 
of terms relating to veneer and plywood. 
The definitions are in general agreement 
with accepted usage. Terms involving 
glues and gluing were not included sinc 
these are being covered by Committee 
D-14 on Adhesives. 

Subcommittee IV on Wood Pavin 
Blocks (W. H. O’Brien, chairman) re 
studied the Proposed Specifications for 
Creosoted End Grain Wood Block Floor 
ing for Interior Use. The list of species 
was revised, and the specification wa 
divided into two parts, Material an 
Installation. The question of broaden 
ing the specification to include preserva 
tives other than creosote was considered 
but it was agreed that other treatments 
should be covered in separate specifica 
tions. The specification approved by 
the subcommittee is recommended fo: 
acceptance as a new tentative, as give! 
earlier in the report. 

Subcommittee VI on Timber Preser- 
tives (R. H. Bescher, chairman).—The 
activities of the subcommittee during 
the year included the review of existing 
standards and the preparation of spec: 
fications and methods of tests for 1" 
others of the recognized wood preset’ 


| 


ert 


tives, namely, chromated zinc chloride 
and tanalith. The various actions rec- 
ommended with respect to continuation 
without change and revision of present 
sandards, and adoption of new tenta- 
tives is covered earlier in the report. 

Subcommittee VII on Wood Poles and 
Cross Arms (C. D. Hocker, chairman) 
prepared the Tentative Methods of 
(Conducting Static Tests of Wood Poles, 
referred to earlier in this report. The 
main purpose is to standardize the 
many variables so that test results will 
become properly comparable. Out of 
many test methods, the specification 
presents detailed description of two: 
(1) transverse bending under three- 
point loading in a testing machine, and 
(2) cantilever bending under a load 
applied at the top of a pole held hori- 
zontally by clamping the butt in a crib. 
The latter method is suitable for out- 
door field testing. 

A testing program has been formu- 
lated to provide test data intercomparing 
the two specification methods and the 
correlation of these results with fiber 
stress determinations obtained by labo- 
ratory machine testing of small clear 
specimens cut from the same _ poles. 
This first phase of testing, involving 
the comparison of the test methods, is 
planned for application to a_ single 
species of untreated timber. Further 
phases of testing, recognized as desirable 
and tentatively planned, extend the 
esting to several species of untreated 
poles and to the same species creosoted. 
The magnitude of the testing program 
‘ontemplated is fully appreciated, and 
means for its implementation are now 
being considered. 

A project for working out tentative 
methods for testing the strength of 
‘oss arms is being organized. 

Subcommittee VIII on Modified Wood 
ind Wood-Base Materials (J. A. Liska, 
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man) is planning to prepare a 


specification for modified wood. Con- 
sideration was given to the scope of 
the specification and the type of data to 
be included to make the specification of 
most value. 

Subcommittee IX on Methods of Test- 
ing (L. J. Markwardt, chairman) con- 
sidered a new tentative method of test 
for evaluating the properties of building 
boards, and recommends its acceptance 
as tentative. The method incorporates 
some previously used and established 
procedures, together with some modifica- 
tions and revised procedures developed 
as a result of extensive special studies. 
These methods in essentially their 
present form have had some discussion 


and consideration by two international 


groups. 

As a result of detailed international 
conferences and discussion in the sub- 
committee, a number of changes are 
being recommended in Standard Meth- 


ods D 143, which are given earlier in 


this report. 

Subcommittee XII on Fire-Retardant 
Wood (W. H. Fulweiler, chairman).— 
The subcommittee at a meeting in 
Chicago on March 14 gave consideration 
to the difficulties experienced in its 
work. 

It was suggested that one method of 
making better progress might be to 
develop a cooperative program whereby 
under the auspices of the committee, 
tests would be made on lumber treated 
with fire-retardant solutions to at least 
three retentions and three minimum 
penetrations. ‘This treated timber 
would be tested by the Underwriters’ 
Laboratory and by the Associated Fac- 
tory Mutual Laboratory test. The 
species used would be southern yellow 
pine and douglas-fir. It 
that such a program carried on by an 
independent committee will yield results 
that would be of great assistance in the 
formulating of workable specifications. 


is believed 
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There seems to be a general feeling the next meeting of the general com. 
that such a program would be desirable, mittee. 
but it was pointed out that the amount 
2 business done at the present time in 
fire-retardant wood would probably 
make it difficult to secure necessary 
unds. The possibility of securing co- 
- operation with committees on the same 
subject of the American Railway Engi- 


This report has been submitted to 
letter ballot of the committee, which 
consists of 66 voting members; 43 mem- 
bers returned their ballots, of whom 
38 have voted affirmatively, and 1 


re 
neering Association and the American 
Preservers Association was also 
- discussed. Respectfully submitted on behalf of 
The subject will be developed further the committee, 
and it is hoped it may be possible to L. J. MARKwarnrt, 
- report more substantial progress before Chairman 


=, 
7 EDITORIAL NOTE 
- Subsequent to the Annual Meeting, Committee D-7 presented to the So- 
ciety through the Administrative Committee on Standards the recommenda- 
tion that the Standard Specifications for Structural Wood Joist and Plank, 
Beams and Stringers, and Posts and Timbers (D 245-37) be revised and 
reverted to tentative, the revision being in the form of new Methods for 
Establishing Structural Grades of Lumber. This recommendation was ac- 
cepted by the Standards Committee on September 22, 1949, and the new 
tentative methods appear in the 1949 Book of A.S.T.M. Standards, Part 4. 
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REPORT OF COMMITTEE D-8 
ON 


BITUMINOUS WATERPROOFING AND ROOFING MATERIALS* 


Committee D-8 on Bituminous Water- 
proofing and Roofing Materials held two 
meetings during the year: one in Detroit, 
Mich, on June 22, 1948, during the 
Annual Meeting of the Society, and one 
in Chicago, Ill., on March 2, 1949. 

Between and during these meetings 
the subcommittees reviewed all of the 
standards and tentatives for which Com- 
mittee D-8 is responsible and at these 
meetings appropriate action was taken 
on the recommendations in this report. 

In cooperation with Committee D-4 
on Road and Paving Materials, Com- 
mittee D-8 is sponsoring a Symposium 
om Accelerated Durability Tests of Bi- 
tuminous Materials during the 1949 
Annual Meeting of the Society. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 

Subsequent to the 1948 Annual Meet- 
ing, Committee D-8 preseiited to the 
Society through the Administrative Com- 
mittee on Standards the following rec- 
ommendations: 


New Tentative Specifications for: 

Sieve Analysis of Granular Mineral Surfacing for 
Asphalt Roofing and Shingles (D 1001 - 48 T). 

Revision of Tentative Methods of Testing: 

Asphalt Roll Roofing, Cap Sheets, and Shingles 
(D 228.47 T), 


These recommendations were accepted 
by the Standards Committee on De- 


* Presented at the Fi i 
¢ ifty-second Annual Meeting of th 
Miety, June 27-July 1, 1949. 


cember 28, 1948, and the new and re- 


vised tentatives will appear in the 1949 
Book of A.S.T.M. Standards, Part 3. 
ADOPTION OF TENTATIVES 

AS STANDARD 


The committee recommends that the _ 
Tentative Specifications for Asphalt for 
Dampproofing and Waterproofing (D 449 
-477T)! and for Coal-Tar Pitch for 
Steep Built-Up Roofs (D 654 - 42 T)? be 
approved for reference to letter ballot of 
the Society for adoption as standard | 
without revision. 

Committee D-8 also recommends that 
the Tentative Methods of Sampling ; 
Bituminous Materials (D 140-48 
be approved for reference to letter ballot 
of the Society for adoption as standard, 
subject to approval of Committee D-4 
as these methods are under joint juris- : 
diction of both committees. Committee 
D-8 concurs with D-4 in recommending 
that these methods be revised by changing 
the minimum weight of the gross sample 
from “50 Ib.” to “2 lb.” in Section 14. 


ADOPTION OF ‘TENTATIVE REVISION 
AS STANDARD 


Committee D-8 concurs with Com- 
mittee D-4 in recommending that the 
tentative revision of the Standard Meth- 
ods of Testing Emulsified hatin 
(D 244 - 42)? submitted in June, 1947, 
be approved for reference to letter ballot 


“7 Supplement to Book of A.S.T.M. Standards, — 

Part II. 
21946 Book of A.S.T.M. Standards, Part II. 

Supplement to Book of A.S.T.M. Standards, 
art II. 
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_ of the Society for adoption as standard. 
This tentative revision provides a method 

for determination of residue by evapora- 

tion as an alternate to the present dis- 
tillation method. 


EDITORIAL CHANGES 


The committee recommends that the 
following standards and tentatives be 
editorially changed, as indicated: 

Standard Specifications for Bituminous 
Grout for Use in Waterproofing Above 
Ground Level (D 170 - 41)? and for Bi- 
luminous Grout for Use in Waterproofing 

Below Ground Level (D171 -41)2—It 
is recommended that the following edi- 
torial changes be made in these stand- 
ards in order to make them conform to 
_ the editorial change made in Tentative 
Specifications D 449 in 1943 in which 
the designations “Type A” and “Type 
_ B” asphalts were interchanged: In Sec- 
tion 3 (a) of Specifications D 170, sub- 
stitute “Type A” for “Type B” and in 
Section 3 (a) of Specifications D 171, 
substitute “Type B” for “Type A.” 

Standard Method of Test for Coarse 

Particles in Mixtures of Asphalt and 
Mineral Matter (D 313 41).2—The fol- 
— lowing editorial revision is recommended 
to clarify the calculation of results: 
_ Section 6.—Change to read as follows: 

6. The percentage of coarse particles in the 
_ mineral matter shall be calculated from the fol- 
owing formula: 


_ Percentage of coarse partic'es in mineral matter 


X 100 


Tenlalive Specifications for Asphalt 
_ Roofing Surfaced with Powdered Talc or 
Mica (D224-46T)2—The following 
editorial change is recommended to clar- 
_ ify the meaning and intent of these speci- 
fications: 


Report or D-8 


Section 2.—Change to read as follows: 


2. In the process of manufacture, a single 
thickness of dry roofing felt shall be impregnated 
with a hot asphaltic saturant, then coated on 
both sides with a hot asphaltic coating com. 
pounded with a finely powdered mineral fille: 
substantially insoluble in water and finally sur- 
faced on the weather side, with powdered talc or 
mica. The reverse side shall be covered with 
suitable material to prevent the roofing from 
sticking in the package. 


REAFFIRMATION OF STANDARDS 


The committee recommends reaffir. 
mation of the following 12 standards 
which have been published for six years 
or longer without revision: seas 


Standard Specifications for: 


Primer for Use with Asphalt in Dampproofing 
and Waterproofing (D 41-41), 

Creosote for Priming Coat with Coal-Tar Pitch 
in Dampproofing and Waterproofing (D 43- 
41), 

Coal-Tar Pitch for Roofing, Dampproofing and 
Waterproofing (D 450-41), 

Asphalt Mastic for Use in Waterproofing 
(Asphalt Cement, Mineral Filler, Mineral 
Aggregate) (D 491-41), 

Bituminous Grout for Use in Waterproofing 
Above Ground Level (D 170-41), with edi- 
torial changes given elsewhere in this report, 
and 

Bituminous Grout for Use in Waterproofing 
Below Ground Level (D 171-41), with edi- 
torial changes given elsewhere in this report. 


Standard Methods of: 


Testing Bituminous Mastics, Grouts and Like 
Mixtures (D 147-41), 

Test for Steam Distillation of Bituminous Pro- 
tective Coatings (D 255-28), 

Test for Sieve Analysis of Granular Mineral 
Surfacing for Asphalt Roofing and Shingles 
(D 451-40), 

Test for Sieve Analysis of Nongranular Mineral 
Surfacing for Asphalt Roofing and Shingles 
(D 452-40), 

Testing Films Deposited 
Emulsions (D 466-42), and 

Test for Coarse Particles in Mixtures of Asphalt 
and Mineral Matter (D 313-41), with edt 
torial changes given elsewhere in this report. 


from Bituminous 


| 
i ‘ 
\ 
. 
a _ Wt. of material retained on No. 200 Sieve 
~ Wt. of material insolub!e in CS, 
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TENTATIVES CONTINUED 
WitHout REVISION 


The committee recommends the fol- 
lowing tentatives for continuance with- 
gut revision as they are all being actively 
studied with the probability that there 
will be revisions recommended in each 
of them before the next annual meeting 
of the Society: 


Tentative Specifications for: 


Asphalt Roofing Surfaced with Mineral Granules 
(D 249-46 T), 

Asphalt Roofing Surfaced with Powdered Tale 
or Mica (D 224-46 T). 


Tentative Recommended Practice for: a 


“ccelerated Weathering Test of Bituminous 
Materials (D 529-39 T). 
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Meeting.* 


This report has been submitted to 
letter ballot of the committee, which 
consists of 63 voting members; 52 mem- 
bers returned their ballots, of whom 49 
have voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 


the committee, 
S. MILLER, 


C. Howe Lt, 
Secretary. 


4 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at A.S.T M. 


Headquarters. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
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Committee D-9 on Electrical Insulat- 
ing Materia!s held two meetings during 
the year and will hold a third during the 
Annual Meeting of the Society in June. 
These meetings were held in Atlantic 
City, N. J., on November 17, 18, and 19, 
1948, and in Washington, D. C., on 
March 23, 24, and 25, 1949. 

At these meetings actions were taken 
to circulate letter ballots to the com- 
mittee on several new methods, new 
recommended practices, revisions in 
existing standards, and other changes in 
some of the standards under the juris- 
diction of Committeee D-9. Some proj- 
ects which are still under way are 
mentioned later in this report. 

Subsequent to the 1948 Annual Meet- 
ing, Committee D-9 presented to the 
Society through the Administrative Com- 
mittee on Standards the following recom- 
mendations: 


New Tentative Methods of: 

Testing Pressure Sensitive Adhesive Tapes Used 
In Electrical Insulation (D 1000 - 48 T). 

Revision of Tentative Methods of: 

Sampling and Testing Untreated Papers Used 
In Electrical Insulation (D 202 - 47 T). 

Tentative Revision of Standard Methods of: 

Testing Pasted Mica Used In Electrical Insula- 
tion (D 352 - 39). 


These recommendations were accepted 
by the Administrative Committee on 
Standards on December 22, 1948, and 
the new and revised tentatives together 
_ with the tentative revision of D 352 were 
_ published in the 1948 Supplement to 
Book of A.S.T.M. Standards, Part III-B. 


bs Presented at the Fifty-second Annual Meeting of the 
Society, June 27-July 1, 1949. 


REPORT OF COMMITTEE D-9 
4 ON 


ELECTRICAL INSULATING MATERIALS* 


Committee D-9 has approved by letter 
ballot during the past year revisions in 
the Tentative Method of Test for Rock- 
well Hardness of Plastics and Electrical 
Insulating Materials (D785 -48T) 
which were recommended and approved 
last year by Committee D-20 on Plastics. 


RECOMMENDATIONS AFFECTING 
STANDARDS 

Asa result of the year’s work, the com- 
mittee is submitting four new tentatives, 
revision of one standard and reversion to 
tentative, revisions of 9 tentatives, ten- 
tative revisions of two standards, and 
adoption of 9 tentatives and two tenta- 
tive revisions as standard. 

These recommendations have been 
submitted to letter ballot of the com- 
mittee, the results of which will be re- 
ported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Insulating Varnishes, 
Paints, and Lacquers (P. E. Demmler, 
chairman) has as its major project the 
rewriting of the Tentative Methods of 
Testing Varnishes for Electrical Insula- 
tion (D 115-487). The revised meth- 
ods will contain procedures applicable to 
insulating varnishes in general, with 
special notes referring to some of the 
special types of varnish, when necessary. 
Particular attention is to be given to per 
formance tests. 

Extensive tests on the determination 
of salt-water resistance of varnish films 
have failed to develop a satisfactory 


1 The letter ballot vote on these recommendations 7 
favorable: the results of the vote are on record atA 
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method, and the investigation has been 
discontinued. 

A method for determining the set time 
of laminating varnishes is being devel- 
oped. 

The oil resistance of varnish films is 
being studied with particular reference to 
the effect of these films on transformer 
ail. 

Round-robin tests are to be made to 
evaluate a method for film continuity, 
draining characteristics, and moisture 
resistance, and also on a method for de- 
termining mechanical properties by 
measuring creepage and deformation on 
astranded cable specimen. 

Subcommittee III on Plates, Tubes, 
Rods, and Molded Materials (G. H. 
Mains, chairman) has had another active 
year. Progress has been reported on a 
method of test to simulate soldering con- 
ditions for plastic tubing. Considerable 
time and effort has been given to the 
formulation of a specification for an addi- 
tional electrical grade of nonrigid poly- 
vinyl chloride. In cooperation with 
Committee D-20 on Plastics, an improve- 
ment of a test method for compressive 
strength of laminated thermosetting ma- 

terials is being studied. Conditioning pro- 

cedures for electrical tests on vulcanized 
fibre have received considerable atten- 
tion. As a result of a preliminary study, 
the possibility of combining the Tenta- 
tive Specifications for Phenolic Lam- 
inated Sheets for Radio Applications 

'D 467 - 44 T), and the electrical grades 

in the Tentative Specifications for Lam- 

inated Thermosetting Materials (D 709 - 
48T) appears to be within reason. There 
tas been considerable discussion and 
work relating to a satisfactory limit for 
varp and twist on laminated thermoset- 
ling materials. 

Subcommittee IV on Insulating Oils (E. 

A. Snyder, chairman).—During the past 

year, Section B has continued its study 

of the behavior of new and reclaimed 

‘ansformer oils in actual transformer 


service. In this study, which was initi- 
ated in 1945, attempts to correlate labo- 
ratory tests with actual service life of the 
oil have been made. The first exhaustive 
summary of the large amount of data 
accumulated was prepared by the chair- 
man of Section B for the March, 1949 
meeting. The analysis of these data is 
the basis of a paper on “The Evaluation 
of Mineral Transformer Oil During Serv- 
ice: Part I, The Correlation of Oil Char- 
acteristics after 40 Months of Service,” 
prepared by F. M. Clark, chairman 
of Section B. It is the general opinion 
that it is too early to draw any definite 
conclusions from this work. Certain 
trends have been indicated, however. It 
is anticipated that another five years of 
securing additional data will be required 
to produce results that can be relied upon 
to indicate the correlation between tests 
and service life. 

After two years of endeavor by Section 
F to develop a standard method for test- 
ing oxidation stability of cable oils, it was 
finally decided that there was a lack of 
interest by both the producers and con- 
sumers of cables for such a standard test. 
This project was, therefore, abandoned 
until there is a more urgent need for it. 

A successful test method for deter- 
mining the quantity of water in an insu 
lating oil has not yet been developed. 
There are still large discrepancies in tests 
between laboratories when testing oils to 
which a known amount of water has been 
added. Work is being continued in an 
endeavor to produce a method which is 
satisfactory. 

Work has been started to develop a 
test method for determining the degree 
of contamination of askarels with petro- 
leum oils. 

It is anticipated that a new test method 
for determination of corrosive sulfur com- 
pounds in insulating oil will be available 
some time during the next year. 


+See p. 10 
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Efforts to develop an interfacial ten- 
sion test method which will be acceptable 
for use on insulating oils have been con- 
tinued. Studies are now being made to 
determine the possibility of using diluents 
which will level the curve obtained on 
“al oils so that the break between the 


values obtained for good oils and poor oils 
will not be so abrupt. 

During the year work was completed 
on the preparation of a screening specifi- 
cation for the selection of uninhibited 
‘mineral oil for use in transformers and 
oil circuit breakers. 

Subcommittee IV is the official ad- 
_visory committee to Committee No. 10 
on Insulating Oils of the United States 

- Committee of the International Electro- 

technical Commission. In view of the 

fact that the Commission has reorganized 
and is starting work on the preparation 
_ of an international method to determine 
aging characteristics of insulating oils, 

Subcommittee IV is preparing for the 
~Commission a report on developments 
_which have occurred along these lines in 
this country during the war years. 

During the year the subcommittee 
sponsored a Symposium on Insulating 
Oils, at which time the following papers® 


were presented: 
_ “Performance Characteristics of Askarels,” 


by F. M. Clark, 
“Performance of Inhibited Transformer Oils,” 
_by G. H. von Fuchs, 
“One System of Laboratory Testing to Ap- 
_ Praise Serviceability of Oils in Transformers,” 
by R. G. Call. 

Subcommittee V on Ceramic Products 
(K. G. Coutlee, chairman).—An exten- 
_ sive round-robin testing program in con- 
nection with the development of 
electrical test methods, including elec- 
trodes for steatite and glass bonded mica 
under high humidity, is being carried out. 

There is an apparent need for a revi- 
sion of the Standard Methods of Testing 


3 Issued as a separate publication, STP No. 95, Decem- 
1949. 
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Steatite Used as Electrical Insulation 
(D 667 - 44). A program is being for- 
mulated to develop the necessary changes 
in this standard to bring it up to date, 

Subcommittee VI on Solid Filling and 
Treating Compounds (W. A. Evans, chair- 
man).—Several new test methods are 
now under consideration. Among these 
are a test method for oil solubility and a 
test method for determining the flexi- 
bility of microcrystalline waxes. For the 
latter the use of a modified plastics flexi- 
bility test has been proposed. 

Subcommittee VII on Varnished Fabrics 
(R. W. Chadbourn, chairman).—As men- 
tioned in the 1948 report* of Committee 
D-9 this subcommittee is reviewing the 
dielectric strength requirements for var- 
nished cloth tapes under 6 per cent 
elongation in Specifications D 373. One 
of the chief controversial points is in 
connection with 7 mil tapes. 

The question of what shall be con- 
sidered the proper terminology for flexi- 
ble treated cotton and rayon sleeving 
used in electrical insulation in Tentative 
Specifications D 372 has been settled, 
based on the following explanation: “To 
call a lacquered braided sleeving a ‘var- 
nished tubing’ is misleading and causes 
confusion, the term “‘varnished tubing” 
should be confined to a sleeving treated 
with an oil varnish. The term ‘treated 
sleeving’ can be applied generally to botii 
types, oil varnished and lacquered sleev- 
ing, without causing confusion. Braided 
sleeving is not generally considered tobe 
a tube.” 

Editorial changes in the Standard 
Methods of Testing Flexible Varnished 
Tubing Used for Electrical Insulation 
(D 350 - 48) are under consideration. 

The Section on Treated Glass Fab 
is continuing its investigation to deter 
mine the effect of heat on the flexibility 
of treated glass tapes. ‘The first round- 


« Proceedings, Am. Soc. Testing Mats., Vol. 48, ?- “ 
(1948). 
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robin series of tests revealed that the 
dielectric strength test was the best cri- 
terion of aging of the test specimens 
undergoing heat conditioning. 

Subcommittee VIII on Insulating 

Papers (E. G. Ham, chairman).—The 
Chemical Test Section is making progress 
toward the adoption of methods for de- 
termining the water and alcohol soluble 
matter in papers as well as of soluble sul- 
fates in paper. Progress has been re- 
ported in the revision of the deterioration 
test for insulating paper in Tentative 
Methods D 202. Statements on the 
significance of the test methods for 
weight, air resistance, bursting strength, 
tensile strength, thickness, and tearing 
strength or internal tearing resistance of 
untreated electrical insulating paper have 
been prepared for Methods D 202 and 
should be ready for committee action 
sme time during the coming year. 
(ther test procedures in Methods D-202 
will receive attention, and statements on 
significance of tests will be prepared. 

The Section on Insulating Papers made 
several noteworthy improvements in the 
proposed specification for absorbent insu- 
lating papers. This has been made pos- 
sible by active interest and important 
contributions by both the producers and 
consumers active in this section. 

The Joint D-6 - D-9 Committee on pH 
Problems has prepared a test method 
applicable to vulcanized fibre which will 
be submitted simultaneously to Subcom- 
mittee III for approval. This joint com- 
mittee is also preparing changes in the pH 
procedure to include reference to the 
Tentative Method for pH of Aqueous 
Solutions with the Glass Electrode(E 70 

46T) in so far as it is possible. 

Subcommittee 1X on Mica (E. O. Haus- 
mann, chairman). —Considerable time 
and effort have been spent in obtaining 
‘greement throughout the mica industry 
on the mica samples which are to repre- 
‘ent the different visual classifications of 


natural mica. Agreement has been 
reached on all except one of these and the 
subcommittee has decided to proceed 
without complete agreement. Photo- 
graphic transparencies are to be made 
from these mica samples as soon as sufhi- 
cient orders have been received to justify 
their production. More than half of the 
required number of orders have been 
received to date. The Standard Meth- 
ods of Testing, Grading and Classifying 
Natural Mica (D 351 - 46) are being re- 
vised to include the use of these trans- 
parencies. The subcommittee is co- 
operating with the Indian Standards In- 
stitutions and with the International 
Organization for Standardization on 
standardization problems in connection 
with mica. 

Subcommittee X on Conditioning (A. C. 
Webber, chairman) serves both Com- 
mittees D-9 and D-20 on matters refer- 
ring to conditioning. 

During the past year the subcommittee 
has been reorganized and its membership 
brought up to date. The roster has been 
officially established as comprising all 
chairmen of D-9 and D-20 subcommittees 
or their appointed representatives and 
other committee members who may wish 
to participate actively in the work of the 
subcommittee. The current member- 
ship list includes 35 members. Principal 
activities of the subcommittee during the 
past year are reflected in the revisions 
pertaining to conditioning as given in the 
Appendix. In addition to these actions, 
the subcommittee has under considera- 
tion such related problems as apparatus 
for measuring humidity, standardization 
of subnormal and supernormal test con- 
ditions and conditioning times. 

Subcommiitee XI on Significance of 
Tests (J. H. Palmer, chairman).—During 
the year this subcommittee has reviewed 
the significance of test statements pre- 
pared by several other subcommittees. 
The chief controversial point that has 
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been considered by this subcommittee is 
the general form and arrangement of 
these statements. The subcommittee 
now is balloting its members on a pro- 
posed Recommended Practice for Writ- 
ing Statements as to the Usefulness of 
Tests of Electrical Insulating Material 
(Revised November, 1948). This in- 
cludes both statements for general utility 
and for specific utility. 

Subcommittee XII on Electrical Tests 
(K. N. Mathes, chairman).—During the 
past year Section A on Insulation Re- 
sistance continued to hold several meet- 
ings and has proposed a comprehensive 
revision of the Standard Methods of Test 
for Insulation Resistance of Electrical 
Insulating Materials (D 257 -46). ‘The 
section proposes that these revised meth- 
ods be published as tentative, superced- 
ing the present Standard Methods D 257. 
The Section has under way a further 
project on preferred procedures for tests 
of electrical resistance of insulating mate- 
rials intended to be supplementary to the 
revised Method D 257. 

The problem of measuring dielectric 
constant and dissipation factor of avia- 
tion fuels over a wide temperature range 
has received consideration. ‘There is an 
apparent need for a new test cell or bomb 


that will permit testing such fuels over a 
varied set of test conditions. This 
matter is being discussed with Committee 
D-2 on Petroleum Products and Lubri- 
cants. 

A round-robin test program for dielec- 
tric loss at expected frequencies as high 
as 30,000 mc. is under way. The work 
on this series of tests will serve as a basis 
of an extensive revision of the Tentative 
Methods of Test for Power Factor and 
Dielectric Constant of Electrical Insu- 
lating Materials (D 150 - 47 T). 

Several new arc-resistance test meth- 
ods are under consideration, including 
one on a high-energy arc. 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 151 voting members; 78 members 
returned their ballots, of whom 77 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
C. T. HATCHER, 
Chairman. 
E. A. SNYDER, 
Vice-Chairman. 
O. E. ANDERSON, 
Recording Secretary. 


APPENDIX 


RECOMMENDATIONS AFFECTING STANDARDS FOR ELECTRICAL 


INSULATING MATERIALS 


In this Appendix are given recom- 
mendations affecting certain standards 
and tentatives covering electrical in- 
sulating materials which are referred to 
arlier in this report. The standards and 
tentatives appear in their present form 
in the 1946 Book of A.S.T.M. Standards 
Part III-B, or the 1947 and 1948 Sup- 
plements, Part III-B, as indicated by 
the fnal number in the A.S.T.M. 
designation. 


NEW TENTATIVES 


Tentative Recommended Practice for 
the Purchase of Uninhibited Mineral 
Oil for Use in Transformers and Oil 
Circuit Breakers: 


This recommended practice is intended 
a8 a screening specification on the basis 
of certain physical, electrical, and chemi- 
cal characteristics of one or more brands 
of oil suitable for further investigation. 
It is recommended that this recom- 
mended practice, as appended hereto,! be 
accepted for publication as tentative. 


Tentative Methods of Testing Glass 
Bonded Mica Used as Electrical In- 
sulation: 


These methods provide procedures for 
making various tests when they are re- 
quired for an investigation or examina- 
lon of glass bonded mica used as elec- 
‘nical insulation. It is recommended that 
these methods, as appended hereto,! be 


accepted for publication as tentative. 


1 
Li methods and recommended practices were 
wg = tentative by the Society and appear in the 
ok of A.S.T.M. Standards, Part 6. 


Tentative Recommended Practice for 
Maintaining Constant Humidity by 
Means of Aqueous Solutions: 


This recommended practice provides 
procedures suitable for obtaining con- 
stant relative humidities ranging from 30 
to 98 per cent at temperatures from 0 to 
70 C. in a small airtight container. 
Committee D-9 joins with Committee 
D-20 on Plastics in recommending that 


this practice, as appended hereto,' be 
accepted for publication as tentative. 


REVISION OF STANDARD AND REVERSION 


TO TENTATIVE 


Tentative Methods of Test for Electrical 


Resistance of Insulating Materials: 


This method is an extensive revision 
of the present Standard Methods of Test 
for Insulation Resistance of Electrical 
Insulating Materials (D 257 — 46). It is 
recommended that these methods, as 
appended hereto,’? be accepted for pub- 


lication as tentative. 


REVISIONS OF TENTATIVES 


Tentative Specifications for Phenolic 
Molding Compounds (D 700 - 45 T): 
The revision of these specifications 

consists of an addition of three new types 

of phenolic molding compounds along 
with an elimination of a single type. The 
revised specifications, appended hereto,? 
cover twelve types of phenolic molding 
compounds. Committee D-9 concurs in 
this revision as proposed by Committee 
D-20. 


| 
if 
| | 
l. 
Book of A.S.T.M. Standards, Part 6. 
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Tentative Specifications for Laminated Table V.—Add the following require- 
Thermosetting Materials (D709- ments for type IV: 


The revision consists of the addition | Water Absorption After 2¢hr. 
Immersion, max., per cent 
of the physical and electrical properties mais 
of the various glass-base grades of 
laminates under type IV classification of Grade... G1, 2 
these specifications. 
Table I.—Add the following for a new 


Type IV 


in. 


3.00 3.50 3.30 
type IV: 1.20 1.80 2:00 


Type IV. - - 
Grades G1, G2, G3, and G5. 
Sheets, add reference letter a. _ Tentative Specifications for Vulcanized 
Section 4.—Add the following to the = Used 
Mate or ectrica nsulation (D710- 


T 
rype IV. 
Grades G1, G2, G3, and G5. The following revisions are descriptive 
Color, natural. changes which include the available 


colors and thickness range applicable to 
each of the three grades of vulcanized 
5 __... fibre covered in these specifications: 


. Type IV Section 3.—Change to read as follows: 
Grade Grade 3. Three grades of vulcanized fibre are coy- 
3 
G2 


Table I1T.—Adad the following require- 
ments for type IV: 


5 ered, as follows: 
— Bone Grade.—This grade is characterized by 
Tensile strength, min., psi....| 7500 17000 20090 ardness ¢ 
15.000 | 17000 | 25 000 the greater har Iness and stiffness associated with 
Compressive strength, min., higher density. It machines smoother and with 
psi. (ilatwise) 33.000 38.000 | 50000 Jess tendency to separate the plies in difficult 
er in. of width: machining operations. It is made in gray color 
only and in the limited thickness range of to 
Power factor at 1,000,000 | | 9 in. 
cycles, max... | 0.032 | 0.035 0.020 y : —Thi » ic H 
Diclectric constant at 1,000,000 Commercial Grade.—This grade is considered 
cycles, max 5.5 6.0 77 as the general-purpose grade and is sometimes 
— at S,anaane cycles, 0.18 | 0.21 | 0.15 referred to as mechanical and electrical grade. 
= It possesses good physical and electrical proper- 
ties and can be fabricated satisfactorily by 
Table IV.—Add the following require- punching, turning, and forming operations. It 
ments for type IV: is made in all standard colors and through the 
entire range of thicknesses from 0.004 to 2 in 
Dielectric Electrical Insulation Grade.—This grade is 
primarily intended for electrical applications and 
Laminations, others involving difficult bending or forming h 


_min., v. per mil operations. It is made in gray color only an‘ 


| tees | See in all standard thicknesses from 0.004 to } in 
Step- 
| Time by-Step Thin material of this grade is sometimes referre: | 


Test | Test to as “fish paper.” 
Gl G2 to incl. 200 | 120 Tentative Specifications for Nonrigié 
Vinyl Chloride Plastics (D 744 - 447): 
Over inc...| 275 | 170 This tentative is under the jurisdiction 
ne} 
toY%, incl........, 275 170 of Committee D-20. It is now yroposed w 
Over % to %, incl 220 | 140 Ng 
: oie... add electrical grades of material, thereby 


a 


bringing this specification under a pos- 
ible Joint D-9 and D-20 jurisdiction. 
[t is recommended that the following 
revisions be accepted, subject to con- 
currence of Committee D-20: 

Table I—Make the following addi- 
tions to this table: 


Grades 
10, 11, 12, and 13 
Type V, Electrical: 
Durometer Hardness. 
Low-Temperature Classification. . . 


Table 11.-Make the following addi- 
tions to this table: 


Type V 
Grade Grade Grade Grade 
0 | 12 | 13 
Specific gravity, 25/25C.fmax.| 1.50 | 1.50 | 1.50 | 1.50 
71/77 F.) (min..| 1.30 | 1.30 | 1.30 | 1.30 
Tensile strength, min., psi....| 1500 | 1500 | 1500 | 1500 
Elongation at rupture, min., 
| 200} 200! 200; 200 
Tear resistance, min., lb. per | | 
eight loss on heating, max., | 
734 F.) after heating, | 
max., per cent | é 
Thermal stability, max., mg. 
HCI per g. 2) 2 3 2 
Dielectric strength (short- | 
time test), min. v. per mil..| 350 | 350 | 300) 350 
Deformation under load, 100 | 
ap pressure at 70 C. (158 | 
Total deformation, max., 
per cent 35 | 35 40 35 
Recovery, min., per cent 65 | 65 65 65 
D-c. voltage resistance at 50 
C.,ohm cm., min. > 
102 “1010 10% 
Dissipation factor, 60 cycles, 
C., max.,° 0.07 | 0.14 | 0.2) 0.3 
Dielectric constant, 60 cycles, 
Brittletemperature { b | 6 
Flammability...) a qd 


4 
To be specified at a later date. 
igher temperature values to be added later. 
To bespecified after development of suitable methods. 


Tentative Methods of Testing Vulcan- 
i zed Fibre Used for Electrical In- 
re sulation (D 619 - 46 T): 


| The revision of these methods covers 
‘ne inclusion of the newly developed bond 
T): strength test, 

™ Vew Section.—Add the following as a 
uew Section 15 under the general head- 
4g “methods applicable to sheets,” 
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renumbering the subsequent sections — 
accordingly: 

15. Bond Strength (Ply Adhesion).—Bond — 
strength (ply adhesion) shall be determined in 
accordance with the Tentative Method of Test 
for Bond Strength of Plastics and Electrical 
Insulating Materials (A.S.T.M. Designation: 
D 952). 7 
Tentative Methods of Test for Flexural 

Properties of Plastics (D 790 - 45 T): 


These revisions are essentially a 


visions to take care of testing thin 
specimens in flexure. 

Section 3 (a).—Change the fourth sen- 
tence to read as follows: ‘““The width of 
the specimen shall be in accordance with | 
Table I.” 

Note 1.—Delete this note, renumber- 
ing subsequent notes accordingly and add 
a new Note 4 as follows: 


Note 4.—The rate of crosshead motion in 
inches per minute for flatwise tests of gy-in. 
sheet materials may be chosen as 0.025 in. per 
min. to shorten the time of test. 


Table I.—Change to read as follows: 


TABLE I.—SUGGESTED DIMENSIONS FOR TEST 
SPECIMENS. 


Flatwise Edgewise 
Width 
Nominal 
Thickness —— | Depth | Width | Depth | f Spec- 
of Sheet, —s of | of | _ of (Nom 
in. = Spec- | Spec- | Spec- nal 
imen, | imen, | imen, Thick : 
in, | in. in. — 
ness), 
| in. 
1 % 1 ly 
%.. 1% | 4 4% 
%.. 2 % 1 % % 
%.. 6 % a4 
\%.. 8 % % % % 
16 1 1 1 
| 24 1% 1% 1% 


Section 6 (b).—Insert a reference to 
Note 4 at the end of this paragraph. 
Add a note to this section as follows: | 
Note.—-The breaking loads of certain sheet 
materials in -in. thickness may be lower than 
60 Ib. Some testing machines have poor ac- 


1 ry 
Ag 
4 
an 
4 
d 


curacy at such loads, and it may be advisable 
to obtain a greater degree of accuracy by mag- 

nifying the load about 10-fold by a lever system. 
- Details of such a lever system are given in the 
University of Delaware Report UD-P-12 of 
October 6, 1948, entitled “Flexure Testing of 
Thin Laminated Plastics.” 


Insert a reference to this note at the 
end of Section 2 (a). 


Tentative Methods of Testing Varnished 
Cloths and Varnished Cloth Tapes 
Used in Electrical Insulation (D 295 - 
47T): 


These revisions provide for the addi- 
tion of significance of test statements for 
weight and thickness of varnished cloths 
and varnished cloth tapes and for the 
use of the newly developed slow-rate-of- 
rise dielectric strength test as an alter- 
nate step-by-step dielectric strength 
test. 

New Sections.—Under their respective 
headings in this method add the following 
statements on definitions and signifi- 
cance of conditioning, thickness, break- 
ing strength, dielectric strength, elonga- 
— tion, resistance to oil, weight, and threads 
per inch, renumbering the present sec- 
tions accordingly: 


Definition —Conditioning of varnished cloth 
or varnished cloth tape may be defined as the 
_ process of subjecting the material to a specified 
_ temperature and a specified relative humidity 
for a stipulated period of time. 

Significance.—(a) Because the physical and 
electrical properties of most fabrics change with 
variation of their moisture content, it is necessary 
to control this property at the time of testing in 
order to attain reasonably good reproducibility 
of test values. For example, when cotton fabric 
absorbs moisture, it tends to swell and increase 
in dimensions. Also, the flexibility, elongation, 
and tensile strength of the material normally 
increases with increased relative humidity 
whereas conversely the electrical properties are 
depreciated when the material is subjected to 
these conditions. The time of exposure to the 
conditioned atmosphere must be long enough to 
permit the moisture content of the test specimen 
to reach a relatively stable value. If the fabric 
is untreated, a few hours exposure is sufficient. 
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Treated fabrics like varnished cloth require an 
appreciably longer time. 

(b) The significance of conditioning for jp 
sulation resistance and power factor tests is out 
lined in the general statements, “Significance of 
the Resistivity Test,” and “Significance of the 
Power Factor Test,” respectively. 

Definition.—Thickness of varnished cloth and 
varnished cloth tape is the perpendicular dis. 
tance between the outer varnished surfaces of the 
material as determined in accordance with this 
method. 

Significance.—This test is of value in deter 
mining whether the material meets specified 
tolerances for thickness. In addition, thickness 
values are essential because of the importance 
of space factor in designing electrical equipment 

Determination of dielectric strength, usual]; 
expressed in volts-per-mil, also necessitate: 
thickness measurements, 

Definition.—The breaking strength of var. 
nished cloths and varnished cloth tapes may le 
defined as the force required to break the cloth 
or tape when tested under certain prescribed 
conditions. 

Significance.—The breaking strength of fin- 
ished cloth and tape is of importance as a meas- 
ure of its ability to withstand reasonable pulling 
without failure while being applied in service. 

Definition.—The dielectric strength of var- 
nished cloth or tape may be defined as the maxi- 
mum potential gradient, usually expressed in 
volts-per-mil, that the material can withstand 
without rupture, when the cloth or tape is elec- 
trically stressed between two electrodes under 
prescribed conditions. 

Significance.—Dielectric strength of varnished 
cloth or tape insulating material is of significance 
for the following reasons: 

(a) Insulating materials are subjected to such 
electrical stresses in service for long periods of 
time. Although these service stresses are usually 
a small fraction of the breakdown stresses deter- 
mined by dielectric strength tests, it has bea 
found that, for any given material, the service 
stresses which it can withstand during its life 
bear some relation to the breakdown stresses 0- 
tained in the dielectric strength test. This test, 
therefore, gives some indication of the ability 
the cloths or tapes to withstand the service 
stresses to which they are subjected. 

(b) This test often detects the presence o! de- 
fects in the cloth or varnish, although it is inace 
quate for this purpose since only a small part © 
the surface is explored. , 

(c) This test is of value in determining the 
ability of the cloth or tape to withstand condi: 
tions of elongation and hot oil, encountered in 
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me service applications, without excessive loss 
of dielectric strength. 

(i) Three methods of testing for dielectric 
srength are given, the short-time, the step-by- 
sep, and the endurance tests. Choice of the 
method should be based on whether or not the 
éfect of time under stress is considered an im- 
sortant factor, and the available time which can 
ie allowed for each test. See also the general 
satment, “Significance of the Dielectric Strength 
Test.” 

Definition.—The amount of stretch observed 
inagiven length of varnished cloth or tape when 
subjected to prescribed loading conditions at 
prescribed atmospheric conditions is specified as 
the elongation of the cloth or tape. It is ex- 
pressed in per cent of the initial length. 

Significance. —Elongation of a varnished cloth 
or tape insulation is important as a measure of 
the ability of the insulation to conform to the 
contours of even and uneven surfaces without 
damaging the varnished film. Tapes that do not 
have sufficient elongation may be difficult to 
apply satisfactorily, and tapes that elongate too 
much may destroy the varnish film and thereby 
cause a decrease in its dielectric strength. 

Definition.—The oil resistance of varnished 
cloth or tape is the ability of the varnish film 
‘o withstand the attack of mineral oil without 
excessive impairment of its physical and electri- 
cal characteristics when the varnished cloth or 
tape is immersed in a specified oil for a prescribed 
period of time at a given temperature. 

Significance--(a) The oil resistance of varnished 
cloth or tape determines the suitability of the 
insulation for use in oil-immersed apparatus, 
such as oil-filled transformers and switches, and 
in electric cables and cable splices. It will also 
serve to indicate serviceability in proximity to 
lubricating oils. Such oils, however, usually have 
very little effect on a varnish film as compared 
with transformer oil. 

(b) When immersed in oil, black varnish films 
usually soften and swell slightly, but they should 
tot blister, wrinkle, nor separate from the cloth. 
Yellow varnish films are much more oil resistant 
than black films and soften and swell very little, 
if any. In either case, the dielectric strength 
should not be impaired. 

Definition —The weight of varnished cloth 
and varnished cloth tapes is the weight per unit 
aa as determined in accordance with this 
method. It is usually expressed in pounds per 
‘uare yard, for a specified nominal thickness. 

Signi ficnce —The ratio of varnish weight to 
en weight, within and between shipments, 

n be determined from the weight of varnished 
cloth or varnished cloth tape and the weight of 
“ecloth base. This ratio is a factor in deter- 


mining the electric characteristics of the ma- 
terial. 

Weight values are useful for estimating weight 
in designing electrical equipment containing a 
constituent part of varnished cloth or tape. 

Definition.—The threads per inch of varnished 
cloth refer to the count of the number of warp | 
and filling yarns present in the base cloth per 
linear inch of length or width. 

Significance—(a) Thread count, together with 
the weight and the width of the cloth, is ac- | 
cepted as the common means for designating and 
identifying cloth constructions. ; 

(b) Certain of the physical and electrical 
properties of woven fabrics are dependent on 
thread count. That is, assuming the same size of 
yarn, an increase in thread count increases the 
weight, breaking strength, and density of the 
cloth. Also, the dielectric strength and power 
factor of the varnished fabric may be changed 
by altering the number of threads per inch of 
the cloth. 


Change the subheading under Di- | 
electric Strength to read “short-time, 
step-by-step and slow-rate-of-rise tests.” 

Section 14.—Change to read as follows: 


14. The purpose of the procedure is to de- 
termine the dielectric strength of varnished 
cloths and varnished cloth tapes when sub- 
jected to a short-time, step-by-step or slow 
rate-of-rise test. 


Section 20.—Change Paragraph (a) to _ 
read as follows and add a new Paragraph 
(d) to read as indicated: 


time test or by the step-by-step test or its al- 
ternate, the slow rate-of-rise test, or by both 
methods. 

(d) In the slow rate-of-rise test, the starting 
voltage shall be 850 v. per mil of thickness, or 
as otherwise specified, and the voltage shall be 
raised uniformly at one of the following rates, 
or as otherwise specified: ; 


(a) Tests shall be made by either the short- q 


Tape Thickness 


13 v. per sec. 


Tentative Methods of Sampling and 4 
Testing Untreated Paper Used in 
Electrical Insulation (D 202 - 48 T): 


These revisions provide for condition- — 
ing specimens in 50 per cent relative 
humidity at 23 C. and the addition of a 
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method for determining stretch under 
tension. 

Section 3 (a).—Change the first two 
sentences to read as follows: “Samples 
shall be conditioned in air at 50 + 2 per 
cent relative humidity at a temperature 
of 23+ 2C. (73.4 + 3.6F.) 

Add the following new method after 
the procedure for tensile strength: 


11. Stretch Under Tension.—Stretch under 
tension shall be determined in accordance with 
the Tentative Method of Test for Stretch of 
Paper and Paper Products Under Tension 
(A.S.T.M. Designation: D 987), except that 
the material shall be sampled and conditioned 
in accordance with Sections 2 and 3 of these 
methods. 

Note.—This method is unsuitable for use 
in testing creped papers. A modified procedure 
will be devised for this special requirement. 


New Method of Test for the Aqueous 
Extract Conductivity of Paper Used in 
Electrical Insulation..At the end of the 
_ present methods add as Sections 65 to 71, 
a complete test procedure for aqueous 
extract conductivity of paper, as ap- 
pended hereto.' This method has been 
developed for the estimation of the elec- 
trolyte content of paper by measurement 
of the electrical conductivity of an 
aqueous extract. 


_ Tentative Methods of Conditioning Plas- 
tics and Electrical Insulating Materials 
for Testing (D 618 - 47 T): 


This revision is a change in the defini- 
tion of a standard laboratory atmosphere 
and, likewise, there will be a change in 
one of the standard test temperatures. 

Section 2 (a).—Change to read as 
follows: 


2. (a) Standard Laboratory Atmos phere.—An 
atmosphere having a relative humidity of 50 + 2 
per cent at a temperature of 23 + 1.1 C. (73.4 
+ 2F.). 


Section 2 (c).—In the table listing the 
standard test temperatures, change ‘25 
C. (77 F.)” to “23 C. (73.4 F.).” 
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TENTATIVE REVISIONS OF STANDARDS 


Standard Methods of Testing Laminated 
Tubes Used in Electrical Insulation 
(D 348 - 46): 


The following revision of the existing 
tentative revision of this standard con 
sists of a redesigned test specimen an 
metal plugs for making tension tests of 
laminated tubes so that failure will occur 
within the flat section of the specimen. 

Section 5.—Change to read as follows 


5. The test specimen shall be as shown i 
Fig. 2.4 The length, L, shall be as shown in th 
table under Fig. 2. A groove shall be machine: 
around the outside of the specimen at the cen 
ter of its length to a depth of 40 per cent of th 
ro ninal wall thickness. This groove shall con 
sist of a straight section 2} in. in length wit 
a radius of 3 in. at each end joining it to th 
outside diameter. Steel or brass plugs havin 
diameters such that they will fit snugly insid 
the tube and having a length equal to the ful 
jaw length plus 1 in. shall be placed in the end 
of the specimen to prevent crushing. They ca 
be located in the tube conveniently by separating 
and supporting them on a threaded metal rod 
Details of plugs and test assembly are shown it 
Fig. 2. 


Standard Methods of Testing Laminated 
Round Rods Used in Electrical Insula- 
tion (D 349 - 46): 


The following revision of the existing 
tentative revision of this standard con- 
sists of a redesigned test specimen for 
making tension tests of laminated rods 
so that failure will occur within the fla 
section of the specimen. 

Section 4.—Change to read as follows: 


4. The test specimen shall be as shown « 
Fig. 3.3 The length, L, shall be as shown in th 
table under Fig. 3. A groove shall be machine’ 
around the specimen at the center of its lengt! 
to a depth of 20 per cent of the original nomin 
diameter. This groove shall consist of a straigh 
section 2} in. in length with a radius of 3 in. 
each end joining it to the outside diameter. 

3 See p. 490 for these figures which are the same # 


recommended for the Tentative Method of Test — 
Properties of Plastics (A.S.T.M. Designation: D 638). 
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\DOPTION OF TENTATIVES AS STANDARD 


The committee recommends that the 


‘lowing nine tentatives be approved 
ir reference to letter ballot of the 
‘ciety for adoption as standard without 


evision 


Specifications for: 


Low and Medium Voltage Pin-Type Lime-Glass 


Insulators (D 730 — 46 T), 

‘tural Block Mica and Mica Films Suitable 
for Use in Fixed Mica-Dielectric Capacitors 
D 748-47 T), 

enclosures for Small Testing Machines for Tests 
at Subnormal and Supernormal Temperatures 
of Electrical Insulating Materials and Plastics 
D700 - 44 T), 

Servicing Units for Tests at Subnormal and 
Supernormal ‘Temperatures of Electrical 
Insulating Materials and Plastics (D 761 - 

Communication and Signal Pin-Type Lime-Glass 
Insulators (D 879 - 46 T). 


Tentative Methods of: a 

Test for Dielectric Strength of Insulating Oil of 
Petroleum Origin (D 877 - 46 T), 

Tet for Inorganic Chlorides and Sulfates in 
Insulating Oil (D 878 - 46 T), 

sampling Electrical Insulating Oils (D 923- 
47T), and 

Test for Power Factor and Dielectric Constant 
of Electrical Insulating Oils of Petroleum Ori- 

gin (D 924 - 47 T). 
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ADOPTION OF TENTATIVE REVISIONS 
AS STANDARD 


Standard Methods of Testing Sheet and 
Plate Materials Used in Electrical In- 
sulation (D 229 - 46): 


The committee recommends that the 
tentative revisions‘ of the hardness test, 
Sections 36 to 39, of this standard sub- 
mitted in June, 1944, and modified in 
September, 1947, be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard. In the text of the 
method when revised designate the new 
method as Procedure A and the present 
procedure as Procedure B. 


Standard Methods of Testing Pasted 
Mica Used in Electrical Insulation 
(D 352 - 39): 


The committee recommends that the 
tentative revision‘ of this standard per- 
taining to Section 14 (a) and (0), sub- 
mitted in December , 1948, be approved 
for reference to letter ballot of the 
Society for adoption as standard. 


41948 Supplement to Book of AS.T.M. Standards, 
Part 
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SHIPPING (¢ 


Following the custom of recent years, 
Committee D-10 on Shipping Containers 
held two meetings during the past year. 
The fall meeting was held in Chicago, 
Ill., on October 8, 1948, and was pre- 
ceded by a full day of well-attended sub- 
committee meetings. In addition to 
receiving the reports of the subcom- 
mittees, a paper was presented by Mr. 
A. B. Perry, Chief Field Engineer, 
Signode Steel Strapping Co., on “The 
Function of a Test Track in Developing 
Good Packaging and  Carloading 
Methods.’ The members were guests of 
the General Box Co. for a demonstration 
of a box testing laboratory. 

The spring meeting was held at 
Atlantic City, N. J. on May 10, 1949, 
and followed a day of subcommittee 
work. Much work was accomplished. 

The meeting passgd unanimously a 
resolution on the loss to the Society of 
its very capable and active late member, 
C. G. Weber. 

At the present time, the committee 
consists of 79 members, of whom 28 are 
classified as producers, 31 as consumers 
and 20 as general interest members. 


RECOMMENDATIONS ACCEPTED BY 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1948 Annual Meet- 
ing, Committee D-10 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


THE 


* Presented at the Fifty-second Annual Meeting of the 
Society, June 27-July 1, 1949. 
1 ASTM Buttetin, No. 155, December, 1948, p. 38. 


— 


REPORT OF COMMITTEE D-10 


ON 


=— 


‘ONTAI NERS* 


New Tentative Methods of: 
Drop Test for Cylindrical Shipping Container 

(D 977 — 48 T) 

Test for Penetration of Liquids into Submerge 

Containers (D 998 - 48 T) 

Vibration Test for Shipping Containers (D 999 

48 T) 

New Tentative Definitions: 
Terms Relating to Shipping Containers (D 996 

48 T) 

The date of approval for Definition 
D 996 was August 3; Methods D 997 
and D 999, September 29; and Metho 
D 998, November 15. The new tentatives 
appear in the 1948 Supplement to Book 
of A.S.T.M. Standards, Part III-B. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that th 
following tentatives be retained in thei 
present status without revision: 


Tentative Methods of Test for: 


Water Vapor Permeability of Packages (D 895- 
47 T), and 

Water Resistance of Containers by Spraj 
Method (D 951 - 47 T). 


This report has been submitted t 
letter ballot of the committee, which con 
sists of 79 members; 46 members rt 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf 


the committee, 
T. A. CARISOS, 


R. STIVERS, 


Secretary. 
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Committee D-11 on Rubber and 
Rubber-Like Materials held one meeting 
juring the year in Chicago, IIl., on 
\arch 4, 1949, in connection with the 
Spring Group meetings of A.S.T.M. 
committees. The subcommittees, how- 
eer, have been active throughout the 
yar and have carried on their work 
vigorously through correspondence and 
separate meetings as required. 

At the Spring Meeting of the Society 
held in Chicago on March 2, 1949, the 
committee through its Subcommittee 
XV on Life Tests sponsored the technical 
program which consisted of a symposium 
if six papers on “Aging of Rubbers.” 
These papers, by leaders in their fields, 
were of outstanding value in presenting 
the latest information on the difficult 
problems involved in evaluating and 
controlling the aging effects of air, sun- 
ight, heat, and ozone on different types 
if rubber compositions. The symposium 
vas especially valuable in bringing to- 
gether available information on the 
iewer types of synthetic rubbers. 

Committee D-11 is participating in 
the activities of the International Organ- 
zation for Standardization, Technical 
Committee 45 on Rubber, and was 
tepresented by H. G. Bimmerman at its 
meetings in London, England, on June 
4 and 29, 1948. The committee has 
voted to recommend that I.S.0. Tech- 
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Committee D-11 has become 
creasingly aware of the extensive work 
which is in progress in A.S.T.M. com- 
mittees and in other agencies on the 
investigation of properties of elasto- 
meric and plastic materials at low 
temperatures and on methods for evalu- 
ating these properties. The committee 
believes that there is a serious need for 
coordination of these activities and 
wishes to recommend that a technical 
committee be established within Com- 
mittee E-1 on Methods of Testing to 
serve as a coordinating group for the 
standardization work in this field which 
is currently in progress in Technical 
Committees D-9 on Electrical Insulating 
Materials, D-20 on Plastics, and D-11; 
also in various Government agencies, 
and other groups. 

Committee D-11 has been cooperating 
with the National Bureau of Standards, 
through a special committee on standard 
reference samples of rubber compositions 
and rubber compounding ingredients, in 
the development of a program whereby 
such materials would be made available 
by the Bureau to serve as laboratory 
standards for the rubber industry. As a 
result of this program, the National 
Bureau of Standards has now made 
available a series of seven compounding 
ingredients as follows: 


tical Committee 45 be invited to meet Name 
at Atlantic City, N. J. in connection with No. 370.... Zinc oxide 2000 
‘he 1950 Annu i : No. 371.... Sulfur 1000 
al Me = 
iim eting of the Society No. 372.... Stearic acid 600 
‘ No. 373.... Benzothiazy] disulfide 600 
ts Presented at the Fifty-second Annual Meeting of No. 374.... Tetramethylthiuram 
june 2i-July 1, Chi disulfide 600 
Meeting, Am by ging of Rubbers, Chicago Spring Wo 375.... Channel black 8000 
» Am. Soc. Testing Mats., (1949). 
Sued as separate publication, ‘ST No. 49.) Light magnesia 140 
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As a further step in this program, there 
is now under consideration a series of 
thirteen typical rubber compound for- 
mulations from which standardized rub- 
ber samples may be made available when 
agreement is reached. Committee D-il 
has also been actively cooperating with 
the Federal Specifications Board in an 
extensive revision of the Federal Speci- 
fication ZZ-R-601a covering Methods of 
Physical Tests and Chemical Analyses of 
Rubber Goods. 


PROPOSED SPECIFICATIONS FOR LATEX 


Proposed Specifications and Methods 
of Test for Concentrated, Ammonia Pre- 
served, Creamed and Centrifuged Natural 
Rubber Latex.—These proposed speci- 
fications were discussed in the 1948 
Report? at which time it was expected 
that they would be ready for immediate 
publication. However, several points 
came into controversy, the resolution of 
which prevented earlier publication. 
Agreement has now been reached and it 
is proposed to proceed as indicated in 
the 1948 Report. These proposed speci- 
fications are accordingly presented in the 
Appendix as information.* 


New TENTATIVES 


The committee recommends the ac- 
ceptance for publication of the following 
ten new tentatives: 


Tentative Specifications for Thermo- 
plastic Vinyl Polymer Sheaths for Elec- 
trical Insulated Cords and Cables.iA— 
These specifications have been developed 
by Subcommittee V on Insulated Wire 
and Cable to cover the increasing use of 
vinyl polymer materials as a replacement 
for rubber in sheaths of electrical cords 
and cables. These specifications are based 


on Am. Soc. Testing Mats , Vol 48, p 425 
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2 Subsequent to the June meeting, Committee D-11 
presented these specifications to the Society as tentative, 
see Editorial Note, p. 440. 

4 These specifications and methods were accepted as 
tentative by the Society and appear in the 1949 Book of 
A.S.T.M. Standards, Part 6. 


on extensive experience by members of 
the committee in the manufacture and 
use of vinyl polymer sheaths, and, jn 
recommending them, it is felt that a very 
real need will be served. ‘ 


Tentative Specifications for Rubber 
Insulating Line Hose (Proof Test, 20,0 
volls, three minutes), for Rubber Insulator 
Hoods (Proof Test, 20,000 volts, three 
minules), for Rubber Insulating Sleeves 
(Proof Test, 10,000 volts, three minutes), 
and for Rubber Insulating Blankets ( Proof 
Test, 10,000 volts, three minutes).A—The 
above four specifications covering rubber 
electrical protective equipment are the 
outgrowth of work done during the war 
in tne American Standards Association. 
That work resulted in the development of 
a group of standard specifications for rub- 
ber safety equipment which were urgently 
needed and were adopted _ through 
the ASA procedure as American war 
standards. These specifications were sent 
to over four hundred users for comment 
and criticism prior to adoption as war 
standards. With the end of the war an 
under the policy of the American Stané- 
ards Association to withdraw the war 
standards, the feeling arose that thes 
specifications for rubber electrical pro- 
tective equipment should become A‘ 
T.M. standards. Subcommittee IV whi 
is organized as Sectional Committee J 
on Specifications for Protective Equip 
ment for Electrical Workers under t! 
ASA procedure has undertaken the tas 
of revising these former war standar 
for A.S.T.M. It is planned that the 
specifications as finally agreed upon ¥ 
be presented to both agencies. In the 
final form they represent a vast fund 
experience and consideration of existit 
standards. 


Tentative Specifications and Methods 
Test for Latex Foam Rubbers, and Tenis 
tive Specifications and Methods of Tes!" 
Sponge and Expanded Cellular Rubio 


Len 
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Products. —The above two new tenta- 
tives represent a complete revision of the 
Tentative Specifications for Cellular 
Rubber Products (D 798-46a7T) and 


the Tentative Methods of Testing Cel-- 


ular Rubber Products (D 552 - 46a T). 
In reviewing and revising the two ex- 
sting tentatives, it has been felt that 
the utility of the cellular rubber stand- 
yds would be increased if they were 
classified according to the product rather 
than as specifications or methods of test 
4s the product classification more nearly 
follows the pattern of manufacture and 
ue. The committee believes that the 
revisions and rearrangement represent 
distinct improvement in these tentatives 
and recommends that the present Meth- 
us D552 and Specifications D 798 be 
withdrawn and replaced by these new 
tentatives. 


Tentative Method of Test for Resistance 
of Vulcanized Rubber or Synthetic Elasto- 
mers to Cut Growth by the Use of the 
Ross Flexing Machine.A—This equip- 
ment and method have been adopted 
generally by the manufacturers of rubber 
sling material for evaluation of that 
type of product. It could also be used for 
aly type of sheet rubber of appropriate 
thickness. A standardized procedure for 
cnducting these tests is needed and 
Subcommittee XVIII has prepared this 
nethod for publication as tentative. 

Tentative Method of Measuring Low- 
Temperature Stiffening of Rubber and 
Rubber-Like Materials by the Gehman 
Torsional Apparatus.—This tentative 
"as presented as a proposed method in 
the 1948 Report? of Committee D-11. 
While a few minor revisions may be 
‘eessary in the future, the committee 
"shes at this time to recommend its 
publication as tentative. 


Tentative Method of Test for Impact 
— 
Pl specifications were accepted in June as tenta- 
i urther revisions submitted subsequently to the 
meeting were accepted through the Administrative 
“anittee on Standards, see Editorial Note, p. 440. 


7 


Resilience and Penetration of Rubber by 
the Rebound Pendulum.—This was pub- 
lished as a proposed method of test in the 
1949 D-11 Compilation® and is now 
recommended for publication as tenta- 
tive. Standardized methods for deter- 
mining the impact resilience properties of 
rubber had been needed for some time. 
The rebound pendulum (Goodyear- 
Healey apparatus) required in this pro- 
posed procedure has met with consider- 
able acceptance and is now commercially 
available. This new method as developed 
by Subcommittee X XVII is therefore 
based on considerable experience by 
members of the committee with the use 
of the equipment and its publication as 
tentative will greatly aid in the stand- 
ardization of this type of test. 


REVISIONS OF TENTATIVES 


The committee recommends that the 
following five tentatives be revised as 
indicated and continued as tentative: 

Tentative Methods of Testing Rubber 
Hose (D 380 - 46 T).’—This revision in- 
cludes a change in the method of measur- 
ing the outside diameter on small sizes of 
hose which is necessary because of 
difficulty in obtaining satisfactory results 
by the tape method with small dia- 
meters. The change in dimension for the 
bursting test specimen is desirable in 
order to provide a maximum length 
limit since results on long lengths may 
differ considerably from those obtained 
on short specimens making comparisons 
very uncertain. The changes in the im- 
mersion test procedures are intended to 


make these of broader general applic- 


ability when different fluids are used 
while still retaining reasonable standard- 
ization in the fluids recommended. 
Section 4 (b).—Change to read as 
follows: 
(b) Outside Diameter.—Measurement of the 
6 “A S.T.M. Standards on Rubber and Rubber-Like 


Products,’”’ February, 1949, p. 533. 
1946 Book of A.S.T.M. Standards, Part III-B. 
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outside diameter of hose having an outside diam- 
eter of 1 in. or less shall be made with steel 
calipers graduated in increments of @& in. At 
least two readings 90 deg. apart shall be 
taken and averaged. Measurement of hose 
having an outside diameter greater than 1 in. 
shall be made with a tape and the outside diam- 
eter shall be determined by calculation from the 
measurement of the outside circumference. A 
tape graduated to read the diameter directly 
may be used. 


Section 17 (a).—Add the following to 
the end of the first sentence: “‘but in no 
case shall the length exceed 36 in.” 

Section 22.—Change “solvents” to 
“test liquids.” Also in three places, 
change “solvent” to “liquid.” 

New Section.—Add the following as a 
new Section 23 on Test. Liquids: 


23. Test Liquids.—The reference fuels and 
oils described in Paragraphs (a) and (b) shall be 
considered as standard immersion test media for 
hose, and the choice appropriate for the test 
shall be made from them unless other liquids 
are specifically required. In any case the liquid 
actually used shall be reported with the test 
results. 

(a) Reference F'uels.—-The standard reference 
fuels have been selected to include the maximum 
and minimum swelling effects produced by com- 
mercial gasolines. Reference Fuel No. 1 has 
mild action of similar order as low-swelling 
gasoline while Reference Fuel No. 2 has severe 
action exceeding that of gasolines now in service. 

(b) Petroleum-Base Oils —The standard pe- 
troleum-base lubricating oils have been selected 
to include low-swelling and high-swelling oils 
comparable in action to those commonly used in 
service. The aniline point of a petroleum oil 
appears to characterize the swelling action of 
that oil on synthetic rubber. In general, as the 
aniline point becomes lower, the swelling action 
of the oil becomes more severe. In oil immersion 
tests of hose, the high-swelling oil is usually em- 
ployed. 


Add at the end of the above new Sec- 
tion 23 (a) the detailed requirements for 
Reference Fuels Nos. 1 and 2 to read the 
same as given in Table II on Reference 
Fuels of Tentative Methods D 471-46 T. 

Also add at the end of the above new 
Section 23 (b) the detailed requirements 
for Petroleum-Base Oj J 
for Petroleum-Base Oils Nos. 1 and 3 


REPORT OF COMMITTEE D-11 


to read the same as given in Table I o} 
Tentative Methods D 471-46 T, omit. 
ting No. 2 medium swelling oil with an 
aniline point of 93 C. 

Section 23.—Renumber as “24” and 
change the title of this section from 
“Gasoline Immersion Swelling Test” to 
“Swelling Test.” 

In Paragraph (b) change “gasoline” 
to “the test liquid” wherever it occurs in 
this paragraph. In two places, change 
“95 per cent ethyl alcohol” to “acetone.” 
Delete the fourth sentence. 

Section 24.—Renumber as “25” and 
change the title of this section from 
“Kerosine-Benzol Immersion Strengt! 
Deterioration Test” to “Strength De 
terioration Test.” 

In Paragraph (6) change “solvent” t 
“test liquid” in the first sentence and 
delete ‘fof ihe tube” from the second 
sentence. 

Delete Paragraphs (c) and (d); als 
reletter Paragraph (e) as (c) and chang 
to read as follows: 


(c) Procedure-—Three specimens shall } 
tested for tensile strength and elongation i 
accordance with Section 10 and the results aver 
aged to give the properties of the rubber befor 
immersion. The remaining three specimen 
shall be placed in the immersion apparatus an 
completely surrounded by the test liquid. Wit 
the reflux condenser in place the apparatus con 
taining the specimens shall then be maintaine 
at the test temperature for 48 hr. When th 
test liquid is a fuel, the temperature during th 
immersion period shall be 75 + 5 F. (23.9 +2 
C.) and when it is an oil, 200 + 2 F. (93 £10, 
Use of a thermostatically controlled liquid bat 
is recommended. At the end of the immersio 
period, the test specimens shall be removed from 
the immersion apparatus. If the immersio 
has been at elevated temperature, the specimet 
shall be cooled immediately in a fresh sample 0 
the same liquid at room temperature for not 
less than 30 min. nor more than 60 min. but thi 
cooling shall be omitted when the immersion 
carried out at room temperature. In eithe 
case, when the test specimens are removed from 
the test fluid they shall immediately be dippe 
once in acetone and blotted lightly with ™ 
paper to remove excess test fluid after whic 


they shall be suspended or placed on 4 screen 
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nd allowed to dry at room temperature in air aid in making these tentative methods 


hr. The more specific and of greater utility. 
trength and elongation after immersion sha 

e determined as before, except that the meas- Section 2.— Add the following to the 7 4 
ements for cross-sectional area and test length end of this section: “tear resistance and 7 
“tween bench marks shall be taken afterimmer- effect of oil immersion.” 


jon and drying. The deterioration shown by Section 3 (a).—Change the _intro- 
the difference between the determinations before 


~  ductory sentence to read: ‘“‘Unless other- 
and after immersion shall be expressed as a ; $ = 
vercentage of the original property. wise required by the detailed product — 
specification, wire and cable shall be | 
Section 25.—Delete this section, re- sampled as follows:” 
numbering the remaining sections ac- Section 4 (a).—Add “For oil immer- 
cordingly. sion ...3,” to the list of aging tests. 
Tentalive Methods of Test for Com- Add the following sentence to the end of 
pression Set of Vulcanized Rubber (D_ this paragraph: “For the tear test, six 
395-47 T).“—The following change individual specimens as described in 
necessary in order to provide a means _ Section 4 (e) shall be used.” 
for testing thin rubber materials where Add a new Paragraph (e) on 


“speci- 
the standard solid specimen of the proper men for the tear test’ to read the same > 
dimensions cannot be obtained. It is as the present Section 7 (6) in Tentative 4 
articularly needed in the automotive Specifications D 532. 
industry. Section 6.—Add a new Paragraph (/f) 

Section 5 (b).—In the second sentence to read the same as the present Section 
change the number of ply specimens from 8 (a), of Tentative Specifications D 532 
“four” to “seven.” Add the following with the exception of the last sentence 
sentence to the end of this paragraph: which should be changed to read: “The 

‘The results obtained with specimens so average of the results obtained on all 
prepared will not necessarily be identical — test specimens shall be considered as the 

with those obtained using a solid speci- value of the tear resistance.’ 

men of the same material having the New Section.—Add a new Section 8 on 

identical state of cure.” Oil Immersion Test, renumbering the 
Tentative Methods of Testing Rubber subsequent sections accordingly, to read 
Insulated Wire and Cable (D 470-48 T).° the same as the present Section 8 (a) 
~These revisions cover the transferfrom and (b) of Tentative Spec ifications D 752, 
(detailed product specifications on in- revising Paragraph (a) to read ‘ 
‘ulated wire and cable of the methods for _mersed in A.S.T.M. oil No. 2, desc fibed 
wnducting oil-immersion and tear-re- jin Table I of the Tentative Methods of 
sistance tests. They also provide for the Test for Changes in Properties of Rub- 
doption of an aniline point requirement ber and Rubber-Like Materials in Li- 
othe standard immersion oil and for the quids (A.S.T.M. Designation: D 471), at | 
addition of accelerated water absorption a temperature of...” 


itocedures as included in the Interna- Section 8.—Renumber as Section 9 
tional Power and Cable Engineers As- and add the following to the end of this 
“cation specifications. Several other section: “except that, when the value of 
‘te existing procedures. The committee specimens fails to conform, two addi- 


ninot changes are made which clarify tear resistance from the first set of six 
‘onsiders that all of these changes will tional sets shall be tested. Failure of 
— 


Pa to Book of A.S.T.M. Standards, 


Fan guPplement to Book of A.S.T.M. Standards, 


either of the retests shall indicate non- 
conformity of the sample to the require- 
ment specified.” 
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Section 9.—Add “and tear resistance” 
to Item (a). 

Section 17.—In the first sentence, 
insert “single or multi conductor” be- 
tween the words “completed cable.” 

Section 18 (c).—Add the following to 
the end of this paragraph: “‘Where water 
immersion is necessary according to 
Section 15 (c), the sample shall be im- 
mersed for a period of 1 hr. prior to 
voltage application. 

New Sections.—Add the following two 
procedures for accelerated water absorp- 
tion as new Sections 41, 42, 43, and 44: 


ACCELERATED WATER ABSORPTION TEST 
Electrical Method 


41. Test Specimen.—(a) A 15-ft. test speci- 
men of the insulated wire shall be taken after 
vulcanization and prior to the application of 
any coverings except tape applied before vul- 
canization. Such tape shall be removed before 
making the test. After not less than 48 hr. 
following vulcanization the specimen shall be 
dried for 24 hr. in air at 70C. The specimen 
shall be allowed to cool in air to approximately 
50 C. before immersion in water. 

(b) Immersion of Specimen.—The middle 10 
ft. of the test specimen shall be immersed in tap 
water, maintained at a temperature of 50 + 1 
C., for a period of 14 days with the 2} ft. portion 
of each end kept above water as leakage insula- 
tion. A tightly fitting cover should be placed 
directly above the water surface with suitable 
water-tight bushings for the ends of the speci- 
men. The water level should be kept constant. 


(c) 1000 Cycle Tests—The capacitance of 


the specimen shall be measured after 1, 7, and 


14 days total immersion with alternating current 


at a frequency of approximately 1000 cycles. 


The increase in capacitance from 1 to 14 days, 
and from 7 to 14 days shall be expressed as a 


percentage of the 1 and 7 day values, respec- 
tively. 

(d) 60 Cycle Tests —The capacitance of the 
specimen shall be measured after 1, 7, and 14 
days total immersion at an average stress of 80 
v. per mil, 60 cycles. After 14 days total im- 
mersion the specimen power factor shall be 
measured at average stresses of 40 and 80 v. 
per mil, 60 cycles. Each value shall be given 
to the nearest 0.1 per cent power factor. The 
increase in capacitance from 1 to 14 days and 
from 7 to 14 days shall be expressed as a percent- 
age of the 1 and 7 day values, respectively. 


The difference between the values of percentage 
power factor at 40 and 80 v. per mil shall be 
calculated after 14 days in water at 50C. 


Gravimetric Method 


42. Specimen.—An 11-in. test specimen of 
the rubber-insulated conductor with all cover. 
ings removed shall be used for the test if the 
weight of such specimen is less than 100g. For 
heavier specimens a segment 4 in. in length and 
1 in. in width shall be cut from the insulation 
and buffed to remove all corrugations. 

43. Procedure.—(a) The surface of the test 
specimens shall be cleaned by scrubbing with 
lintless cloth moistened with water and dried to 
constant weight in vacuum over calcium chloride 
at 70 + 2C. The sample shall be weighed to 
the nearest milligram, weight, A. The area 
shall be designated in square inches of a 10 in, 
length of the wire, or the total area in square 
inches of the segment, S. The insulated wire 
shall be bent in the shape of a U around a man- 
drel not less than three times the diameter of 
the specimen and the ends shall be inserted in 
tight-fitting holes in the cover of a 1-pt. glass 
jar so that 10 in. of the specimen will be sub- 
merged when the jar is completely filled with 
water and the cover applied. 

(b) Immersion of S pecimens.—The test speci- 
men shall be immersed in freshly boiled distilled 
water at 70 + 1C. for 168 hr. and the level of 
the water shall be maintained flush with the 
under surface of the cover during the soaking 
period. The segment-shaped specimen should 
be completely submerged. The water shall be 
cooled to room temperature. The specimen 
shall be removed and the adhering water shaken 
off. The specimen shall be blotted lightly with 
lintless cloth and weighed within 3 min. to the 
nearest milligram, weight, B. 

The specimen shall be dried in vacuum over 
calcium chloride at 70 + 2 C. to constant weight, 
C, expressed in milligrams. ; 

44. Calculations.—All results, in terms 0 
milligrams per square inch of surface, shall be 
calculated as follows: 


| 

Water absorption (if C is less than A) = 
Water absorption (if C is greater thap 4 

B-—A 

Water soluble matter (if C is less than 4 

A-C 
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D752-46T).’—It is recommended 

that Section 8 on oil immersion tests be 
deleted as this test is being recommended 
for incorporation in Tentative Methods 
D 470. 

Tentative Methods of Test for Mechani- 
cal Properties of Elastomeric Vulcani- 
sates under Compressive or Shear Strains 
by the Mechanical Oscillograph (D 945 - 
48T).—The following revisions are 
necessary in order to make the methods 
applicable to testing at low temperatures. 
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Note.—The test specimen shall be attached 
to the No. 400 grit A sandpaper by means of an 
adhesive. This facilitates handling the speci- 
mens with tongs. 


Section 7.—Make the same addition to 
this section as given above for Section 4, 
except that the reference shall be to 
Section 8 at the end and the note shall 
read as follows: 


Note.—The test specimens shall be attached 
to the metal end plates by means of an adhesive. 
A set of end plates attached to each test speci- 


oe 


FRONT ELEVATION 


This test is presently finding considerable 
pplication in low-temperature work. 


Section 4.—Add the following to this 
section: 


For testing at low temperatures (below room 
‘emperature), the section of the oscillograph to 
enclosed is shown in Fig. 3 (the accompanying 
fig. 1). This enclosure shall be equipped with 
a shelf for storing test specimens and supplied 
witha circulating atmosphere at the temperature 
of test. Unless otherwise specified, the cold 
“amber and testing conditions shall conform 


Rut 


Nt Testing (A.S.T.M. Designation: D 832). 
“ter the test specimens have been conditioned 


‘orl hr. at the test temperature, proceed accord- 


‘8g to the directions given in Section S. 


Fis. 1.—Section of Oscillograph to be Enclosed for Tests at Other than Room Temperature. 


0 the conditions specified in the ‘Tentative 
“ecommended Practice for Conditioning of 
dber and Plastic Materials for Low-Tempera- 


SIDE ELEVATION 


men facilitates handling the specimens with 
tongs. 


ADOPTION OF TENTATIVE AS STANDARD 


Tentative Specifications for Rubber 
Sheath Compound for Electrical Insulated 
Cords and Cables (D 532 - 46 T).’—It is 
proposed to revise these specifications by 
deletion of Section 7 (6) and Section 8 
on tear test, and the revised specification 
is recommended for reference to letter 
ballot of the Society for adoption as 
standard. This revision removes the tear 
test procedure which will no longer be 
necessary after approval of the presently 
proposed revision of Methods D 470. 
The specifications themselves have been 
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in use for several years without criticism 
or comment. 


ApopTioNn OF TENTATIVE REVISION AS 
STANDARD 

Standard Method of Test for Indentation 
of Rubber by Means of the Pusey and Jones 
Plastometer (D531 -41).7—The tenta- 
tive revision? of Section 5 (a) of this 
standard which was submitted in Janu- 
ary, 1948, clarifies the choice of indentor 
points when testing rubber compounds 
of different hardnesses and makes the 
procedure for soft compounds more 
specific. No objections have been re- 
ceived since the publication of the tenta- 
tive revision and it is therefore proposed 
to incorporate it in the standard. 


REVISIONS OF STANDARDS, IMMEDIATE 
ADOPTION 
The Committee recommends for im- 
mediate adoption the following revisions 
in three standards, and accordingly 
requests the necessary nine-tenths affirm- 
ative vote at the Annual Meeting in 
order that these recommendations may 
be referred to letter ballot of the Society: 
Standard Specifications for Cotton 
Rubber-Lined Fire Hose for Public and 
Private Fire Department Use (D 296 - 
38).7—These specifications have been 
thoroughly revised, as appended hereto,'° 
to bring them into agreement with the 
current specifications of the Underwrit- 
ers Laboratories, Inc. The new specifica- 
tions reflect the influences of many of 
the war-time experiences in the manu- 
facture of this hose and bring the stand- 
practice. 
“quested because the present specifica- 
tions are obsolete and are not being used. 
Standard Method of Testing Com- 
pressed Asbestos Sheet Packing (D 733 - 
46).’--The following revision adds de- 
_ tails for conducting a compressibility 


‘4 


10 These revised specifications were accepted by the 


< Society and appear in the 1949 Book of A.S.T.M. 


Standards, Part 6. 


ard in line with current manufacturing 
Immediate adoption is re- 


test after immersion. This test is in use 
and the standardized procedure is needed 
at once. 

Section 10 (b).—Insert the following 
sentence between the first and second 
sentences: “Specimens for compressi- 
bility after immersion shall be similar to 
those employed for weight and thick- 
ness change.” Add the following sentence 
to the end of the paragraph: “The 
calculation of compressibility shall be 
based upon the original rather than the 
swelled thickness.” 

Standard Specifications for GR-M 
Polychloroprene Sheath Compound for 
Electrical Insulated Cords and Cables 
Where Extreme Abrasion Resistance is 
not Required (D 753 - 47).'—The change 
in wording of the oil immersion require- 
ment in Section 4 expresses the require- 
ment in the same terms as presently used 
in Specifications D 752. The procedure for 
the oil immersion test is not necessary in 
these specifications after the adoption of 
the currently proposed revisions in 
Methods D 470. Since these changes 
involve no change in substance but 
merely bring the specimens in line with 
the other standards$ it is believed that 
they should be adopted immediately. 

Section 4.—Change the oil immersion 
test requirement to read as_ follows: 
“Tensile strength and elongation a 
rupture after 18 hr. in oil immersion test 
at 249 to 251 F. (120.6 to 121.7 C.)., min. 
per cent of the original value . . . 60.” 

Section 8.—Delete this section on oi 
immersion test. 


REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


Standard Methods of Dynamic Testing 


for Ply Separation and Cracking 
Rubber Products (D 430 - 40).’—The fol- 
lowing revision merely corrects an ef! 
in the description of the construction “ 
the Scott Flexing Machine. Subcom 
mittee XVIII, however, is working 
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n extensive revision of this standard 
ind expects in the near future to recom- 
mend numerous changes. It is believed 
therefore that the standard should be 
reverted to the tentative status. 

Section 9.—Substitute the following 
for the present second sentence: “Each 
ub rotates on a double row, radial type, 

ill bearing of the grease-sealed type 

ith double shields.” 


WITHDRAWAL OF TENTATIVE 


Tentative Method of Test for Low- 
Temperature Briltleness of Rubber and 
Rubber- Like Materials (D 736 — 46 T).’— 
[his method which is known as the 
[hiokol bent loop test has never been 
onsidered to have adequate precision 
ut was originally published as the most 
onvenient method available at the time. 
Subsequent experience with other meth- 
ds has indicated that the Tentative 
Method of Test for Brittle Temperature 
f Plastics and Elastomers (D 746- 
44 T) is superior and the committee now 
eels that Method D 736 does not have 
adequate precision to justify its con- 
tinuance. It is accordingly recommended 
that Method D 736 be withdrawn and 
that in all specification work requiring 
the brittleness test, it be replaced by 
Method D 746. 


IN METHOD 


| Tentative Methods of Test for Changes 
in Properties of Rubber and Rubber- Like 
Malerials in Liquids (D 471 - 46 T).’— 
the committee recommends that foot- 
_ 3 referred to in Table I be revised 
cditorially by eliminating the words “as 
sun XX Heavy Cable.” The Sun Oil 
Co, has advised that the subject oil will 
v¢ furnished in the future as A.S.T.M. 
Ui No. 2 rather than under its own 
‘ommercial brand. 


EpirorIAL CHANGE 


ONTINUATION OF TENTATIVES WITHOUT 
REVISION 


The committee recommends that all 
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tentatives under its jurisdiction other 
than those referred to in this report be 
continued as tentative. Work is under 
way on revision of a number of these but 
their adoption as standard must be 
deferred until this is completed. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting." 


ACTIVITIES OF SUBCOMMITTEES 


As in the previous year, all of the sub- 
committees of Committee D-11 have 
been very active and considerable re- . 
organization has been in progress. This — 
has been reflected in a number of changes — 
in subcommittee chairmen due to res-— 
ignation of the former chairmen. The | 
loyal service of the retiring chairmen and ; 
the cooperation of the new appointees is — 
greatly appreciated by the committee. 
The following changes have occurred: | 
M. G. Schoch replaced C. H. Zieme as 
chairman of Subcommittee IT on Belting. : 
W. P. Tyler became chairman of Sub-— 
committee XI on Chemical Analysis J 
replacing S. Collier. R. H. Taylor ac- © 
cepted the chairmanship of Subcom-— 
mittee XXVI on Processibility Tests — 
formerly held by V. L. Smithers. In 4 
making this change, Mr. Taylor resigned 
as chairman of Subcommittee XIV and 
Mr. R. F. Tener was appointed chairman 
of this Subcommittee on Abrasion Tests. 
In the Technical Committee on Auto-_ 
motive Rubber, Messrs. J. L. McCloud, | 
chairman, and G. H. Swart, secretary, 
retired. S. R. Doner was elected as i 
new chairman and was replaced in his — 
former office of vice-chairman by H. A. 


Winkelman. W. B. Davies was elected as 
the new secretary. 7 


Organization of a new Subcommittee 
on the Application of Statistical Quality 


_ The letter ballot vote on these recommendations was 
favorable; the results of the vote are on reco 
Headquarters. 
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Control Methods to Rubber Products This report has been submitted ty 

was authorized. This subcommittee, letter ballot of the committee, which 

however, is still in process of organiza- consists of 194 members; 118 members 

tion. returned their ballots, of whom 103 have 
Substantial progress is being made ina voted affirmatively and 1 negatively. 

_wide variety of projects in most of the 

established subcommittees. Results of Respectfully submitted on behalf of 

their work will be presented in the form the committee, 

of definite recommendations as_ the SIMON COLLER, 

‘projects are completed since detailed Chairman, 

consideration of these numerous activ- ARTHUR W. CARPENTER, 

ities is beyond the scope of this report. Secretary. 


Subsequent to the Annual Meeting, Committee D-11 presented to the So- 
ciety through the Administrative Committee on Standards the following 
recommendations: 


New Tentative Specifications and Methods of Test for: 


Comqptentet, Ammonia Preserved, Creamed and Centrifuged Natural Rubber Latex (D 1076- 
49 T). 


New Tentative Methods of: 


Test for Determining the Curing Characteristics of Vulcanizable Mixtures During Heating by Means 
of the Shearing Disk Viscometer (D 1077 ~ 49 T), and 
Test for Evaluating Pressure Sealing Propertics of Rubber and Rubber-Like Materials (D 1081 - 49T). 


Revision of Tentative Specifications and Methods of Test for: 


Latex Foam Rubbers (D 1055 - 49 T), and 
Sponge and Expanded Cellular Rubber Products (D 1056 - 49 T). 


Revision of Tentative Methods of: 
Test for Compression Set of Vulcanized Rubber (D 395-47T), | Se ee 
Test for Changes in Properties of Rubber and Rubber-Like Materials in Liquids (D 471 - 46T), 
Testing Asphalt Composition Battery Containers (D 639 - 46 T), 
Test for Indentation of Rubber by Means of a Durometer (D 676 - 47 T), and 
Test o Viscosity of Rubber and Rubber-Like Materials by the Shearing Disk Viscometer (D 927 - 
47 T). 
Tentative Revision of Standard Methods of: 


Testing Compressed Asbestos Sheet Packing (D 733 - 46). 


_ These recommendations were accepted by the Standards Committee on 
December 22, 1949, and the new and revised tentatives together with the 
- tentative revision of Standard Methods D 733-46 appear in the 1949 Book 
of A.S.T.M. Standards, Part 6. 

On January 17, 1950, the Administrative Committee on Standards ac- 
‘cepted the recommendation of Committee D-11 that the Standard Methods 
of Tension Testing of Vulcanized Rubber (D 412-41) be revised and reverted 
‘to tentative. The new tentative methods appear in the 1949 Book of 
A.S.T.M. Standards, Part 6. 
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REPORT OF COMMITTEE D-12 _ 


SOAPS AND OTHER DETERGENTS* 


The annual meeting of Committee 
)-12 on Soaps and Other Detergents 
was held in New York, N. Y., on March 
22 and 23, 1949. In addition to the 
recommendations given below, an im- 
portant feature of this meeting was a 
round-table discussion of standard soiled 
cdoths and their use in evaluation of 
detergents. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committée recommends that the 
Standard Methods of Sampling and 
Chemical Analysis of Alkaline Deter- 
gents (D 501 - 46) be revised as follows 
and asks for a nine-tenths affirmative 
vote at the Annual Meeting in order 
that these revisions may be referred to 


letter ballot of the Society for immediate 
adoption: 


Sections 8 and 9.—Change to read as 
follows: 


8. Matter Volatile at 150 C. to 155 C.—Place 
approximately 2 g. of the sample in a tared 
weighing bottle and weigh to the nearest 0.1 mg. 
Remove the stopper and dry in an oven at 150 C. 
to I55C. for 1 hr. Replace the stopper and 
allow to cool to room temperature in a desiccator 
Containing no desiccant and reweigh. Calculate 
the percenta ge of volatile matter as follows: 


Volatile matter, per cent = loss in weight X 100 
weight of samp'e 
9. Total Alkalinity as Na,CO;—In a closed 

bottle weigh out to the nearest 0.1 mg. approxi- 

mately 1.2 g. of the sample. Dissolve in about 

0 ml. of distilled water in a 400-ml. beaker and 

add 2 drops of a 0.1 per cent solution of methyl 

orange indicator. Run in, while stirring, 0.5 N 


rese 
Socie nted at th 


Fifty- 
ty, June, 27 e Fifty-second Annual Meeting of the 


~July 1, 1949, 


HCl solution until one drop establishes the 
first appearance of a pink color in the solution. 
Remove the beaker, heat to boiling, and boil 
for 1 min. to remove most of the COz. Cool and 
finish the titration to the first appearance of a 
pink color in the solution. Calculate the total 


alkalinity as follows: 


ml. of HC! X normality X 5.3 | 
weight of samp'e 


Total alkalin:ty, per cent = 


Section 10.—Change the first part of 
the first sentence to read: “Weigh 8.4 g. — 
of the sample to the nearest 0.05 g.” 

Add the following note to this section: 


Note.—For referee purposes, or when more 
accurate results are required than are yielded 
by the procedure described in Section 10, the 
method described in Section 11 shall be used. — 


11. Sodium Bicarbonate by Potentiometric 
Titration —Weigh approximately 10 g. of the 
sample to the nearest milligram. Transfer to a 
250-ml. volumetric flask and dissolve in freshly 
boiled, cooled distilled water. Dilute to the 
mark, mix thoroughly, and transfer, by means 
of a pipet, a 50-ml. aliquot of the solution to a 
250-ml. beaker. Add exactly 5.0 ml. of a 0.1 V 
sodium hydroxide solution from a pipet or 
buret; then add 50 ml. of 1.0 N barium chloride 
solution which has been previously adjusted to 
neutrality to phenolphthalein. Introduce the 
electrodes of a glass-electrode pH meter (Note 1) 
and mix continuously by means of a mechanical 
stirrer. Titrate with 0.1 N HCl solution with- 
out undue delay, in order to minimize absorp- 
tion of CO, from the atmosphere. When the 
pH begins to change, record the readings at 
intervals of 0.1 ml. of HCl. In an identical 
manner carry out a blank determination (Note 2) 
on 10 g. of bicarbonate-free sodium carbonate 
prepared by igniting another portion of the 
same sample overnight at 200C. Plot the pH 


New Section.—Add the following as a 
new Section 11, renumbering the sub- 
sequent sections accordingly: 
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values versus volume of 0.1 N HCI solution for 
both the sample and the blank on the same 
paper. The volume of HCI represented by the 
difference between the points of inflection of 
the two curves is equivalent to the sodium 
bicarbonate content of the sample. Calculate 
the results as follows: 


NaHCO;, per cent = 


Nore 1.—Careful standardization of the pH 
meter with standard buffers is not necessary. 
Instruments as specified in the ‘Tentative 
Method for Determination of the pH of Aqueous 
Solutions with the Glass Electrode (A.S.T.M. 
Designation: E 70) are satisfactory. 

Nore 2.—The blank correction is required 
since appreciable amounts of sodium hydroxide 
are occluded in the precipitated barium car- 
bonate. It is imperative that identical quanti- 
ties of sodium hydroxide be used for both 
sample and blank, since the blank correction is 
related directly but not linearly to the quantity 
of excess sodium hydroxide present when the 
barium carbonate is precipitated. The cor- 
rection varies sufficiently with different reagents 
so that it should be measured for each deter- 
mination unless its constancy has been estab- 


lished. 

Section 11.—Renumber as Section 12 
and change the first two sentences to 
read as follows by the addition of the 
italicized words: 


(ml. of HCI for blank — ml. of 
HCI for sample) X normality X 8.4 


wt. of sample in aliquot 


12. Dissolve 20 g. of the sample weighed to the 
nearest 0.1 g. in 300 ml. of distilled water in a 
400-ml. beaker. Filter through a previously 
prepared dried and weighed Gooch or fritted 
glass crucible. 

New Sections.—Add the procedures for 
sampling and analysis of borax now ap- 
pearing in Tentative Method D 501 - 
48 'T, which is being recommended for 
adoption as standard. 


ADOPTION OF TENTATIVES 
AS STANDARD 


‘The committee recommends that the 
Tentative Method of Total Immersion 
Corrosion Test of Water-Soluble Alumi- 
num Cleaners (D930-47T) be ap- 


proved for reference to letter ballot of 


the Society for adoption as standard 
with the following revisions: 

Section 2 (b).—Change to read as fol- 
lows: ‘‘(b) Condensers.—Allihn or other 
type condensers having a jacket not less 
than 200 mm. in length.” 

Section 4 (a).—Delete the last sentence 
in this paragraph. 

Section 5.—In the first sentence of 
Paragraph (a) change “when using” to 
read “with.” 

In Item (/) of Paragraph (6) change 
the second sentence to read as follows: 
“Tf the cleaner is not soluble to the ex- 
tent noted in the stock solutions indi- 
cated, a weighed quantity of the cleaner 
shall be transferred to a graduate and 
made up to volume. The undissolved 
portion of the cleaner is to be transferred 
to test tubes by rinsing with the super- 
natant liquid.” 

In Paragraph (d) add the following 
sentence to the end of the paragraph: 
“Tn any case the top temperature will 
not exceed the boiling point.” 

Section 6 (d).—Change Item (5) to 
read as follows: “Immerse the strips, 
including blanks, in a beaker of nitric 
acid (sp. gr. 1.42), heating if necessary, 
to remove accretions.” 

Section 7 (a).—Change the secont 
sentence to read as follows: “Attach 
the tube containing the specimen to a 
reflux condenser and maintain at the 
temperature specified in Section 5 (d).” 

The committee also recommends that 
the Tentative Method of Sampling and 
Chemical Analysis of Borax (D 50I- 
48 T) be approved for reference to letter 
ballot of the Society for adoption 4s 
standard and that it be incorporated in 
Standard Methods DP 501. 

CONTINUATION OF ‘TENTATIVES 

The committee recommends that the 
Tentative Specifications for Sodium Bi- 
carbonate (D 928 —47 T) be continue’ 
as tentative, without revision, pending 
completion of analytical methods. 
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[he committee also recommends that 
e Tentative Specifications for Borax 


929-47 T) be continued as tenta- 


e with an editorial change consisting 
f the deletion of the second sentence in 


Section 2. 


EDITORIAL CHANGES IN STANDARDS 


In order that the Federal and A.S.T.M 
tandards may agree, the committee 


recommends that the sentence in the 


ction on ‘Basis of Purchase’? which 
ads: “In the event that the calculation 
inder Paragraph (d) results in a figure 


seater than 100 per cent, due to low 


oisture content at the time of filling, 
dghing and packing, the seller waives 
i¢ right to invoice the purchaser for 
ny amount in excess of 100 per cent,” 
e deleted from the following thirteen 
standards: 


D 455 - 48 D 536-48 
D 496 - 48 D 592 -48 
D 497 - 48 D 593 - 48 
D 498 - 48 D 630 - 48 
D 499 - 48 D 690-48 
D 533 - 44 D 691 - 44 
D 535-48 


The recommendations appearing in 
ihis report have been submitted to letter 
allot of the committee, the results of 
vhich will be reported at the Annual 
Meeting.! 
ACTIVITIES OF SUBCOMMITTEES 

Subcommittee T-1 on Soaps (L. K. 
Whyte, chairman, E. W. Blank, acting) 
reported that the joint A.S.T.M.- 
American Oil Chemists’ Society Com- 
mittee is continuing cooperative work 
in the determination of borax in soap 
and in sulfonated detergent mixtures. 
Subcommittee T-3 on Dry Cleaning 
“. P. Fulton, chairman) will make a 
“operative effort to evaluate several 
‘lifferent methods of moisture determina- 
‘on. A proposed specification for dry- 
Thelet 


avorable: ter ballot vote on these recommendations was 


Headquarters, sults of the vote are on record at A.S.T.M. 
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cleaning solvent was discussed and is to 
be revised. 

Subcommittee T-4 on Special Detergents 
(W. H. Koch, chairman) recommended 
the adoption as standard of Tentative 
Method D501-48T and certain 
changes in the procedure for analysis of 
soda ash in Standard Methods D 501 - 
46. 

Subcommittee T-5 on Physical Testing 
(J. A. Woodhead, chairman).—A task 
group headed by J. K. Petry reported on 
cooperative tests made in evaluation of 
the canvas disk method. Unsatisfactory 
variation in test results was experienced, 
and a further effort to trace the variables 
will be made, including a study of the 
Draves method. 

A proposed draft of a method for 
lather evaluation (the Ross-Miles test) 
was reported by C. A. Cohen. Co- 
operative tests are to be made and the 
test will then be offered as a proposed 
method if found acceptable. 

A “Proposed Method for the De- 
termination of pH of Aqueous Solutions 
of Soaps and Detergents” was presented 
by H. R. Suter as task group chairman. 
Work will be continued on this method. 

A report of cooperative testing of the 
Terg-O-Tometer, which is intended to 
simulate on a small scale the washing 
action of domestic washing machines, 
was made by J. A. Woodhead. Re- 
producibility of results was obtained with 
one soil and one detergent by the co- 
operating laboratories. 

Subcommittee T-6 on Metal Cleaning 
(J. C. Harris, chairman) recommended 
adoption as standard of ‘Tentative 
Method D 930 —- 47 T with the revisions 
mentioned earlier in this report. 

A method for corrosion test with 
metals other than aluminum was pre- 
sented by R. A. Ehrhardt. Discussion — 
of the method resulted in a suggestion 
that this be resubmitted on the basis of 
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four general types of cleaners: electro- 
lytic, nonelectrolytic aqueous, emulsion- 
solvent, and solvent for spray or vapor 
cleaning. 

Discussion of a method for measure- 
ment of surface tension developed weak- 
nesses in the original form, which are to 
be corrected and resubmitted for sub- 
committee approval. 

Two papers were presented at the 
meeting, one on “Apparatus for the 
Performance Testing of Emulsion Clean- 
ers,” by F. L. Chase of the Frigidaire 
Corp., and the other on “Application of 
the Radioactive Tracer Technique in 
Metal Cleaning,” by J. C. Harris, R. E. 
Kamp, and W. H. Yanko of Monsanto 
Chemical Co.? 

Subcommittee S-1 on Soaps (fF. Krass- 
ner, chairman).—Discussion of proposed 
specifications for low-temperature wash- 
ing by (a) chipped or granular soap and 
(b) solid soap revealed points of differ- 
ence between A.S.T.M. proposed speci- 
fications and Federal specifications. The 
controversial points are centered about 
inclusion of sodium silicate as a preserva- 
tive, use of an organic inhibiting agent, 
and a maximum content of copper. 
Attempts will be made to reconcile 
these variations through close coopera- 
tion between the producers, the Fed- 


2 ASTM Buttetin, No. 158 May, 1949, p. 49(TP 75). 
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eral Specification Board’s Technica] 
Committee on Detergents, and the 
A.S.T.M. 

Subcommittee G-3 on Papers and Pupli- 
cations (W. H. Koch, chairman) re. 
ported that the Bibliography on Metal 
Cleaning had become of sufficient size 
that it warranted separate publication, 
J. C. Harris has accordingly completely 
revised, enlarged, and cross indexed this 
bibliography. This bibliography will be 
available shortly. 

Subcommittee G-4 on Membership (J. 
N. Borglin, chairman) reported a suc- 
cessful drive to maintain the consumer, 
producer, and general interest balance 
of the committee. 

C. A. Cohen was appointed as repre- 
sentative of Committee D-12 on the 
Task Group on Distillation Tests of 
Committee E-1 on Methods of Testing. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 102 members; 83 members 
returned their ballots, of whom 76 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
F. W. SMITHER, 
Chairman. 


J. C. Harris, 
Secretary. 


1 

ace: 


REPORT OF COMMITTEE D-13 © 
ON 


TEXTILE MATERIALS* 


Committee D-13 on Textile Materials 
ed two 3-day meetings during the 
ear. The fall meeting was in Washing- 
ton, D. C., on October 13 to 15, 1948, 
1 conjunction with a meeting of the 
Vashington District Council, and there 
as a registered attendance of 177 mem- 
ers and guests; the spring meeting was 
1 New York, N. Y., on March 16 to 
18, 1949, with a total attendance of 225. 
Sixteen subcommittees and sections held 
sessions at both the fall and the spring 
meetings. Administrative guidance of 
the committee required two meetings of 
the Advisory Committee and two of the 
Officers Committee. 

The papers presented at the fall meet- 
ing consisted chiefly of reports from 
lelegates on the accomplishments at 
international meetings dealing with tex- 
tile standardization! Concerning Tex- 
tile Committee 38 of the International 
Jrganization for Standardization (I.S O.) 
vhich met at Buxton, England, June 
7 to 12, 1948, H. J. Ball reported on 
the general proceedings and on the 
tension testing of fabrics; G. S. Buck, 
Jt, covered the recommendations deal- 
ing with standard atmospheric condi- 
lions for testing; A. G. Scroggie pre- 
sented the subjects of universal yarn 
numbering systems, of definition of 
fayon, and of a generic term for man- 
made fibers; J. B. Goldberg discussed the 
Status of the secretariat of Textile Com- 
mittee 38. The meeting of the Inter- 
national Wool Textile Organization, 

jay Annual Meeting of the 

ULLETIN, No. 156, January, 1949, p. 18. 
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held at Amsterdam, Holland, was de- 
scribed by J. I. Hardy, and textile 
research and standardizing activities in 
many European countries was reported 
upon by W. D. Appel. The final paper? 
was on the subject of ‘“Testing and the 
Federal Trade Commission,” presented 
by Henry Miller, a member of the Fed- 
eral Trade Commission. 

The theme of the Papers Session at the 
spring meeting was the use of X-rays in 
textile testing. The following papers* 
of an educational character were pre- 
sented: “The Application of X-Ray 
Technique in Textile Testing with Par- 
ticular Attention to the Natural Cellu- 
losic Fibers,” by W. A. Sisson, American 
Viscose Corp.; “The Application of 
X-Rays in the Study of Synthetic 
Fibers,” by A. F. Smith, E. I. du Pont 
de Nemours and Co.; and “X-Ray Study 
of Wool and Other Protein Fibers,” 
by G. C. Nutting, U. S. Department of 
Agriculture. 

One change was made in the organiza- 
tion of Committee D-13 during the 
year. Subcommittee B-6 on Significance 
of Tests were placed in the C group with 
the designation C-5, but the membership 
was reorganized to consist only of the 
chairmen of all A subcommittees and 
of Subcommittee B-1. Julian S. Jacobs 
was appointed as chairman, vice R. H. 
Brown and Dean Harvey. 

The following changes in subcommit- 
tee and section chairmanships have oc- 

2 ASTM Buttetin, No 157, March, cr ¢ 22. 


These papers are published in A.S.T. Standards 
on Textile Materials, October, 1949. (Issued as a sepa- 


rate publication.) 


curred and were approved by the Ad- 

-visory Committee at the spring meet- 

ing: J. K. Frederick, Jr., vice J. B. 

Goldberg, as chairman of Subcommittee 

A-2, Section I; Werner von Bergen, 

vice A. G. Ashcroft, as chairman of Sub- 

‘commaittes A-3; O. P. Beckwith, vice 

Werner von Bergen, as chairman of Sub- 

committee A-3, Section I; H. R. Ander- 

son, vice Noechel, as chairman of 

Subcommittee A-3, Section JII; W. K. 

_Lydic, vice R. Caroselli, as chairman 

of Subcommittee A-8, Section VI; John 

-Hintermaier, vice O. P. Beckwith, as 
chairman of Subcommittee B-5. 

In recognition of the numerous and 

significant contributions made by the late 

Dr. Harold DeWitt Smith to the science 

_ of utilization of textile fibers and to give 

further momentum to the engineering 

’ approach to the properties and uses of 

— textile fibers, as was so ably presented in 

his Edgar Marburg Lecture given before 

the Society in June, 1944, a Harold 

~ DeWitt Smith Memorial Medal is to 

_ be awarded annually by Committee D-13 

for outstanding achievement along such 

lines. This testimonial to Dr. Smith, 


and to his lifetime of devotion to the 
cause of fundamental textile research, 
has been made possible through the gen- 
erosity of the Fabric Research Labora- 
tories, Inc. Regulations governing the 
award and its financing have been agreed 
|! upon by Committee D-13 and the Fabric 


Research Laboratories, Inc., and ap- 
proved by the Board of Directors of the 
A.S.T.M. The personnel of the first 
Committee of Award is composed of the 
following members of Committee D-13; 
H. J. Ball, chairman, A. G. Ashcroft, K. 
L. Hertel, G. H. Hotte, and A. G. Scrog- 
gie. W. H. Whitcomb will serve as 
_ secretary of the award committee. 

The Subcommittee on Fibers and Fab- 

rics of the Committee on Quartermaster 


, 
Problems of the National Research 
ck Council has requested the assistance of 
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Committee D-13 in the formation of a 
liaison committee to revise the sampling 
provisions contained in both the Federal 
and the Armed Forces specifications re. 
lating to textiles. Due to the type of 
problem involved and in view of the work 
on sampling procedures which has 
already been accomplished in Subcom. 
mittee B-5 on Sampling, Presentation 
and Interpretation of Data, O. P. Beck- 
with, its chairman, was recommended, 
The recommendation was accepted, and 
he is now serving as chairman of the task 
group which has been set up to handle the 
revision. 

There has been completed during the 
year an extensive set of Recommenda- 
tions on the Form of A.S.T.M. Methods 
of Test for Textiles which represents the 
conscientious effort of A. G. Scroggie and 
O. P. Beckwith. These recommenda- 
tions have been reviewed and approved 
by the Advisory Committee and have 
been promulgated as a guide to members 
of Committee D-13 who have to do with 
the preparation or revision of methods 
of test for textiles in the future. Their 
use will result not only in a greater degree 
of editorial uniformity but will tend to 
provide against inadequacies and pitfalls 
in the standards against which only e- 
tensive experience can forewarn. 

The Advisory Committee has ap 
proved the appointment of Lewis Lar- 
rick to represent Committee D-13 0 
Committee E-7 on Radiographic Testing 
and on the Section on Calibration 
Testing Machines and Apparatus 0! 
Committee E-1 on Methods of Testing, 
vice W. D. Appel. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


Committee D-13 is presenting for pub- 
lication five new tentatives and is recon 
mending the revision of eight tentative 
tentative revisions of two standards, 
adoption as standard of several defini 


| 
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ions, three tentatives, and the tentative 
visions of three standards, revisions 
‘or immediate adoption as standard of 
ht standards, and the withdrawal of 
standard and three tentatives. The 
mmittee is also recommending the re- 
imation of eleven standards. 
The standards and tentatives affected, 
gether with the revisions recommended, 
re given in detail in Appendix I. 
All tentatives not specifically referred 
are being actively studied by the re- 
ective sponsoring committees. 
The recommendations in this report 
we been submitted to letter ballot of 
e committee, the results of which will 
-reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 
Besides the activities indicated by the 
commendations appearing in Appendix 
I, the following should be mentioned: 
Subcommittee A-1 on Colion and Its 
Products (B. LL. Whittier, chairman): 
Section I on Cotton (R. L. Lee, Jr., 
nairman) is undertaking a study of 
ethods for evaluating fineness. 

Section IT on Cotton Yarns and Threads 
WW. R. Marsden, chairman) is planning a 
horough review of the Standard 
Methods of Testing and Tolerances for 
(otton Sewing Thread (D 204 - 42). 
Subcommittee A-2 on Man-Made Or- 
anc Base Fibers and Their Products (A. 
M. Tenney, chairman): 

Section I on Filaments, Monofilaments, 
ind Filament Yarns (J. B. Goldberg, 


ng fibers and yarns made up of fibers 
other than rayon and estron. 

Sedion II on Fabrics (G. H. Hotte, 
“iairman) is engaged in a study of fabric 
distortion. 

Subcommittee A-3 on Wool and Its Prod- 
uals (A. G. Ashcroft, Chairman): 
_Section I on Woot (Werner von Bergen, 


‘ 
. ‘The letter ballot vote on these recommendations was 


‘avorable the res 
jadquarters sults of the vote are on record at A.S.T.M. 
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‘lalrman) is developing methods of test- - 


chairman) is continuing its survey on 
wool testing and studies of raw wool 
shrinkage, determination of moisture, 
yield of tops, noils, and wastes, and fine- 
ness of wool tops. Methods for the de- 
termination of vegetable matter and ash 
in wool are being studied. 

Subcommittee A-5 on Bast and Leaf 
Fibers and Their Products (S. J. Hayes, 
chairman) is continuing its studies on 
knot breaking strength and test methods 
for twine. 

Subcommillee A-6 on Household and 
Garment Fabrics (Laura FE. Pratt, chair- 
man) is developing methods of test for 
blankets, and serviceability tests on 
bleached wide cotton sheeting. 

Subcommittee A-9 on Tire Cord and 
Fabrics (F. C. Kennedy, chairman) is 
working on revisions and consolidation 
of the Tests and Tolerances for Cotton 
Tire Cord (D 179 - 46 T) and for Rayon 
Tire Cord (D 885 - 46 T). 

Subcommittee A-10 on Felt (W. H. 
Lehmberg, chairman) is discontinuing 
its study of the dumb-bell shaped tension 
specimens because its use would be of 
limited value. The studies of stiffness 
testers and sheet felt specifications are 
being continued. 

Subcommittee A-12 on Hosiery (E. N. 
Ditton, chairman) is presenting its first 
method in the form of a Tentative 
Method of Test for Stretch of Hosiery, 
as appended to this report.2 A method 
of test for snag resistance is being de- 
veloped. 

Subcommiltee A-14 on Bonded labrics 
(G. B. Harvey, chairman) is studying 
methods of test for weight, tensile and 
bursting strengths, tearing resistance, 
dry cleaning and laundering, fire retard- 
ency, air permeability, and water ab- 
sorbency. 

Subcommittee B-1 Methods (W. D. Ap- 


‘ This method was accepted as tentative by the So- 
ciety and appears in the 1949 Book of A.S.T.M. Stand- 
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definitions under consideration 
1.8.0. Committee 38. 


elastic fabrics, stress-strain 


repellency. 
Subcommittee B-2 on Nomenclature and 
Definitions (A. G. Scroggie, chairman) 


has under consideration a number of new 


definitions and is also studying certain 
definitions with a view to bringing about 
better agreement between A.S.T.M. and 
in the 


Subcommittee B-3 on Atmospheric Con- 
ditions and Regain (R. H. Brown, chair- 
man) is studying the conflicts between 
A.S.T.M. humidity definitions and those 
proposed in I.S.0. Committee 38, drying 


Standards, Part 5. 


<= 


gi 
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pel, chairman) has under investigation 
different types of abrasion testers, shrink- 
age of knit fabrics, field tests for perform- 
ance, 
curves, fraying of fabrics, crease resist- 
ance, determination of small amounts 
of copper and manganese in textiles, 
- fluidity of cellulose dispersions, and water 


ovens, methods of preconditioning test 
specimens, rate of conditioning of speci. 
mens in standard atmosphere, moisture 
regain tables for textile materials exposed 
to various temperatures and _ relative 
humidities, instruments for indicating 
and recording relative humidity, and for 
measuring moisture regain, and deter. 
mination of weight per yard of condi- 
tioned fabrics. 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 345 members; 148 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
H. J. Batt, 


Chairman. 


W. H. Wurtcomes, 
Secrelary. 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee D-13 presented to the So- 
ciety through the Administrative Committee on Standards a tentative revi- 
sion of the Standard Method of Test for Hard Scoured Wool in Wool in the 
Grease (D 584 - 47). This tentative revision was accepted by the Standards 
Committee on September 22, 1949, and appears in the 1949 Book of A.S.T.M. 
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APPENDIX 


In this Appendix are given proposed 
revisions in certain standards and tenta- 
tives covering textile materials, which 
are referred to earlier in this report. 
These standards and tentatives appear 
in their present form in the 1946 Book of 
AS.T.M. Standards, Part III-A, or in the 
1947 and 1948 Supplements to Book of 
AS.T.M. Standards, Part III-A. 


New TENTATIVES 


Committee D-13 recommends that the 
following six new methods be accepted 
for publication as tentative as appended 
hereto.! 

Tentative Methods of Core Sampling of 
Wool in Packages for Determination 
of Percentage of Hard Scoured Wool 
Content, prepared by Subcommittee 
A-3, 

Tentative Specifications and Methods of 
Testing Asbestos Lap, prepared by 
Subcommittee A-4, 

Tentative Methods of Testing Single 
Kraft Yarn, prepared by Subcommittee 
A-11, 

Tentative Method of Test for Stretch of 
Hosiery, prepared by Subcommittee 
A-12, and 

Tentative Method of Test for Yarn Num- 


ber of Yarn from Fabrics, prepared by 
Subcommittee B-1. 


REVISIONS OF TENTATIVES 
Tentative Methods of Testing and Tol- 


'These methods a i i 
tentative b s and specifications were ey we as 


the Soci 
ASTM. 2. he Society and appear in the 1949 ook of 


ndards, Part 5. 
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erances for Cotton Yarns (D 180 - 47 


Revisions in these methods prepared 
by Section II of Subcommittee A-1 are | 
recommended as appended hereto.? 


Tentative General Methods of Testing 
Cotton Fibers (D 414-47T): 


Section I of Subcommittee A-1 pre- 


‘ pared the revision of these methods as 


appended hereto* which covers the addi- 
tion of an alternate method for determin- 
ing length of cotton fibers by means 
of the fibrograph. 


Tentative Methods of Testing and Tol- 
erances for Glass Yarn (D 578 —- 47 T): 


Revisions in these methods prepared 
by Subcommittee A-8 are recommended 
as appended hereto.” 


Tentative Methods of Test for Resist- 
ance of Textile Fabrics and Yarns to 
Insect Pests (D 582-45 T): 


Subcommittee B-1 submitted the re- 
vised methods appended hereto,’ which 
are recommended by Committee D-13. 


Tentative Methods of Test for Evalu-- 
ating Compounds Designed to In- 
crease Resistance of Fabrics and 
Yarns to Insect Pests (D 627-41 T): 


The following revision of the procedure 
for washing treated specimens was pre- 
pared by Subcommittee B-1: 

2 These revised methods and specifications were ac- 


cepted by the Society and appear in the 1949 Book of 
A.S.T.M. Standards, Part 5. 
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Section 5.—Change to read as follows: 


5. Washing.—(a) The treated specimen shall 
be washed in accordance with the following 
procedure and repeated up to five times, as 
desired. 

Wash the specimen by hand (squeezing suds 
through fabric) for 5 min. at 100 + 5 F. ina soap 
solution containing 0.2 per cent neutral chip 
soap," using a bath of such length that it contains 
30 times as much water as fabric (Note). 
Rinse the specimen twice in water at approxi- 
mately 85 F. (29.4(C.) using the same dilution 
of water asin the washing, that is, 30 to 1. 

Note.—This method of washing woolens 
more closely corresponds with methods em- 
ployed in actual use conditions than the color- 
fastness wash tests described in the Standard 
Method of Test for Colorfastness of Dyed or 
Printed Wool, Silk, Rayon or Estron Fabrics to 
Laundering or Domestic Washing (A.S.T.M. 
Designation: D 436). 


® This grade of soap is described in ‘‘Colorfastness of 
Wool Textiles,’’ Technical Manual and Year Book, Am. 
Assn. of Textile Chemists and Colorists, Vol. XXIV, 
Part III, p. 108 (1947-1948). 
Tentative Recommended Practice for 
Planning Interlaboratory Testing of 


Textile Materials (D 990-48 T): 


The following revisions, prepared by 
Subcommittee B-5, are recommended by 
Committee D-13: 

Section 3.—Make the following revi- 
sions in this section: 

In Step D, revise Item (/) to read: 
“Only operators who are average or 
above average in skill in the particular 
field shall be used, ‘The choice of opera- 
tor skill level should be decided after 
committee discussion.” 

Table I.—In the note under this table, 
after “Sample 1, a part of the material,” 
add the following: “Sample 2, 3, etc., 
other parts of the same material.” 

In Step G, Item (3) under Calcula- 
tions, replace “as revised in 1943” with 
“latest revision.” 

In Equation 1 under Average Range, 
replace parentheses with vertical bars. 

In the paragraph following this for- 
mula, transpose the reference to footnote 
5 from “‘size”’ to ‘‘d».” 


Insert the following new Equation 5, 
renumber the present Equation 5 as 6 
and change other references accordingly: 
Alternate Equation for Standard Deviation: 


This equation may be used for the special 


case of two data per subgroup: "f 


o; ca'culated standard deviation 


Change the first paragraph after the 
legend for Equation 4 to read as follows: 


With N so calculated it will be correct in 90 
cases out of 100 (when ¢ = 1.65) to state that the 
average of N tests will be within E per cent of 
the true average for the material. 


Appendix.—Make the 
changes in the Appendix: 
In Alternate Method on Material A of 
Example 1, change Equation “6” to “5S,” 
and transpose the exponent “2” outside 
the parentheses. 
In Alternate Method on Material B, 
change Equation ‘‘6” to “5,” and Equa- 
a “6.” Also change the 


following 


tion to 
answer in the latter equation from “4.0” 
to “4.1.” 

In the same method, change Equation 
4 to read as follows: 


v= Ba = 6.1 per cent 
30.72 
In Alternate Method on Material A 
of Example 2, change Equation “6” 
to “5.” Make the same change in the 
Alternate Method of Material B. 


Tentative Definitions of Terms Relating 
to Textile Materials (D 123-487): 


The following revisions, prepared by 
Subcommittee B-2, are recommended by 
Committee D-13. 

Revise the definitions for sley, and 
monofilament, textile to read as follows, 
and add the following new definitions 
for porosity, permeability, and moisture 

_ equilibrium for testing: 


Note 
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Sley, n.—The number of ends per inch of 
warp exclusive of the selvage. 

Note 1—The point at which the sley is 
seasured must be specified, for example the 
reed, the gray cloth on the loom, the gray cloth 
f the loom, or the finished cloth. 

Note 2.—In the United Kingdom “‘sley’’ re- 
fers to part of the loom and is not used as a 
measure of cloth construction. 

Monofilament, n.—(a) A single filament, 

(b) A single filament of sufficient size to 
function as a yarn in normal textile operations. 

Porosity, n.—The ratio of the volume of air 
or void contained within the boundaries of a 
material to the total volume (solid matter plus 
ir or void) expressed as a percentage. Porosity 
cordingly equals: 


X 100 
Vi 


where: V, = volume of voids, and V; = total 
volume. 

Permeability, n.—The rate of flow of fluid 
under a differential pressure through a material. 

Nore 1.—Fluid under differential pressure 
means: 

(1) Gas under differential gas pressure, 

(2) Vapor under differential vapor pres- 
sure, and 

(3) Water under differential hydrostatic 
pressure. 

Moisture Equilibrium for Testing, n.—The 
equilibrium moisture condition reached by a 
sample after free exposure to moving air con- 
trolled at standard conditions when the increase 
in weight of the sample does not exceed a 
prescribed rate. For test purposes moisture 
equilibrium must be reached by absorption from 
alower regain. 

Note 1.—In the absence of a specified rate, 
an increase of less than 0.1 per cent of the sam- 
ple weight after a 2-hr. exposure is considered 
satisfactory. 

Note 2.—For tests to be made at 65 per cent 
relative humidity and 70 F., samples should be 
preconditioned in an atmosphere in the range 
of 10 to 40 per cent relative humidity at a tem- 
perature below 90 F. 


Rayon.—Add the following as a new 


Note 1, renumbering the present note as 
Note 2: 


wae 1.—Regenerated cellulose fibers made 
y the complete saponification of cellulose esters 


We rayons, 
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Rayon Modified——Add the following 
to this definition: “For example, a fiber 
spun from viscose containing casein or 
other protein.” 

Yarn Number.—Change to read as fol- | 
lows, retaining the present Notes 1, ." 
and 3: 


Yarn Number, n.—A measure of linear den-— 

sity. Two systems are in current use: 

1. Direct Yarn Numbers (Equal to spe-— 
cific linear density) : 
Observed linear density 
Linear density of a No. 1 yarn | 
Direct yarn numbers are based on weight per 
unit length. Direct yarn numbers have been 
recommended in a universal system* and are 
commonly used for most yarn intermediates, 
and in the silk, jute and man-made fiber in- 
dustries. 

2. Indirect Yarn Numbers (Equal to the 
reciprocal of the specific linear density) : 


Linear density of a No. 1 yarn 
Linear density, observed 
Indirect yarn numbers (reciprocal numbers) me 


Yarn number = 


Yarn number = 


based on length per wnit weight and are com- 
monly used in the asbestos, cotton, glass, linen, 


woolen, and worsted industries. : 


@Recommended Practice for a Universal System of 
Yarn Numbering (A.S.T.M. Designation: D 861), 1947 
Supplement to Book of A.S.T.M. Standards, Part III-A. 


Tentative Specifications and Methods of 
Test for Asbestos Yarns (D 299- 
48 T): 


The following revisions prepared by | 
Subcommittee A-4 are recommended = 
Committee D-13: 

Section 9(c).—Delete this paragraph. 

Section 12(b).—Change the last sen- 
tence to read as follows: “The twist of 
yarn in a shipment shall be the average 
of three tests from each of the five tubes 
or bobbins selected in accordance with 
Section 9(a).” 

Section 12(c).—Change to read as 
follows: “The turns per inch of twist in 
plied yarn shall be determined as de- 
scribed in Paragraph (b) with the follow- 
ing exception: The clamps shall be set 
10 in. apart.” 
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Section 9 (b).—Change the second 
sentence to read as follows: “Accept- 
ance for breaking strength and yardage 
tests shall be on the basis of these two 
additional sets of five sample tubes being 
within the required limits.” 


Standard Methods of Testing Felt 
461-47): 


- On the recommendation of Subcom- 
mittee A-10 the following proposed 
changes are submitted as a tentative 
revision of this standard: 

Section 2.—Include the following defi- 
nition of “resilience” along with the 
present definition of “density.” These 
definitions are to be published as tenta- 
tive until some satisfactory means of 
measuring these properties is available. 


TENTATIVE REVISIONS OF 
STANDARDS 


Resilience.—The property of a material by 
virtue of which the material is able to do work 
against restraining forces during return from a 
deformed state. 


Section 7 (a).—Delete the words “of 
pieces or sheets.” 

Sections 7 (e) and (f).—Combine 
these two paragraphs to give the pro- 
cedure for Cut Parts designating it as 
Item (2), and add the following as a new 
Paragraph (e) and Item (J): 


(e) Procedure.—The thickness shall be meas- 
ured by one of the following methods depending 
upon the form of the material: 

(1) Pieces or Sheets—Three representative 
specimens, each containing not less than 40 sq. 
in., shall be cut from the felt in accordance with 
Section 3. The thickness shall be measured in 
five locations evenly distributed over each 
specimen. The average of five readings shall be 
considered as the thickness of that specimen. 
The report shall include the maximum, mini- 
‘mum, and average thickness of the three 

Specimens. 


New Section.—Add a new Section S7 
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S7. Determination of pH of Felt: (a) Sam. 
pling.—A representative sample of the felt 
weighing approximately 10 g. shall be cut into 
4 to }-in. squares. 

(b) Extraction —Place the sample in a 
ml. flask and add 200 ml. of freshly boiled 
distilled water, and boil for 30 min. under a 
reflux condenser. Remove and stopper the 


- flask and allow the extract to cool to room 


temperature. 

(c) Determination of pH.—The pH value 
shall be determined electrometrically with the 
glass electrode in accordance with the procedure 
prescribed in the Tentative Method for Deter. 
mination of the pH of Aqueous Solutions with 
the Glass Electrode (A.S.T.M. Designation: 
E 70). 


Standard Specifications for Mechanical 
Roll Felt (D 944 - 49): 


Committee D-13 also recommends 
the following tentative revision of this 
standard as submitted by Subcommittee 
A-10. This revision is submitted as 
tentative because the method of meas- 
uring thickness referred to in Standard 
Methods D 461 is also in the form of a 
tentative revision. 

Section 7.—Change to read as follows: 


7. The average of the five thickness readings 
taken cn each specimen in accordance with 
Section 7 of the Standard Methods of Testing 
Felt (A.S.T.M. Designation: D 461) shall con- 
form to the thickness requirements prescribed 
in Table II. 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


Committee D-13 recommends that 
the following standards be revised 4 
indicated and accordingly requests the 
necessary nine-tenths affirmative vote 
at the Annual Meeting in order that 
these recommendations may be referred 
to letter ballot of the Society. 


Standard General Methods of Testing 
Woven Textile Fabrics (D 39-39) 


The following revisions, prepared by 
Subcommittee B-1, are recommended bj 


on pH Determination to read as follows: Committee D-13: 
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Section 9.—Add the following as a new 
Paragraph (a) and designate the present 
Section 9 as Paragraph (0): 


(2) Procedures for breaking of fabric by the 
grab, raveled-strip, and cut-strip, methods as 
prescribed in Sections 10, 11, and 12 are applic- 
able for dry or wet breaking strength determina- 
tions. 


New Section.—Add the following as a 
new Section 13, renumbering the sub- 
sequent sections accordingly: 


13. Wet Breaking Strength: (a) Preparation 
if Test Specimens.—When the wet breaking 
strength of a fabric is required in addition to dry 
peaking strength, test specimens shall be pre- 
pared in accordance with the directions for the 
grab and strip methods (Sections 10, 11, and 12) 
with the exception that the test specimens be 
cut not less than 12 in. in length (Note). Each 
specimen shall be numbered and then divided 
into two parts, one 6 in. in length for determin- 
ing the dry breaking strength, and the other for 
determining the wet breaking strength, and each 
portion shall bear the specimen number. In 
this manner each break will be performed on 
test specimens containing the same yarns. 

Note.—For fabrics which shrink excessively 
when wet, it will be necessary to cut the test 
specimens longer in dimension for obtaining 
wet strength. In such cases, the 6-in. length 
will be cut for the dry breaking strength, and 
the remaining longer dimension will be used for 
determining the wet breaking strength. 

(b) Procedure.—The test specimens for wet 
breaking strength shall be immersed in tap 
water to which has been added not more than 
0.05 per cent of a nonelectrolytic (neutral) wet- 
Ung agent at room temperature until thoroughly 
wetted. The specimens shall then be removed 
one at a time and tested immediately for wet 
breaking strength in accordance with the 
methods specified in Sections 10, 11, and 12 for 
determining breaking strength. The test of 
any specimen shall be completed within 2 min. 
ater its removal from the water. 

Note 1.—This method should be used with 
‘aution when testing fabrics which do not wet 
out uniformly and thoroughly because of the 
presence of sizing, oil, protective coatings, or 
water repellents. 

_ Note 2.—Where the wet strength of fabric 
Stequired in the absence of sizing, water repel- 

's, ete, it will be necessary to subject the 
cloth to suitable desizing treatments which will 
not affect the normal physical properties of the 
» before preparing the test specimens. 
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Note 3.—If, for any reason, it is desired to — 
make allowances for shrinkage in obtaining wet 
breaking strength by the grab method, the cor- 
rected wet breaking strength of the cloth shall 
be calculated as follows: 


Corrected wet breaking strength 
(grab method onl,) 


_ Actual wet break X dry thread count 
Wet thread count 


Standard Specifications for Textile Test- 4 
ing Machines (D 76 47): 


The revision, appended hereto,’ of 
these specifications prepared by Sub- 
committee B-1 comprises the addition of 
detailed instructions for verification of 
constant-rate-of-load machines. 


Standards Methods of Testing Felt 
(D 461 - 47): 


Committee D-13 recommends adop- 
tion as standard of the following re- 
visions prepared by Subcommittee A-10: 

Sections 9 (b) and 10 (b).—Change the 
size of the test specimens in each para- 
graph from ‘‘2 by 10 in.” to “2 by 6 in.” 

New Section.—Add the following as a 
new Section 10 on Tensile Strength, 
renumbering the subsequent sections 
accordingly: 


10. Tensile Strength—Tensile strength shall 
be determined in accordance with the method 
prescribed in Section 9 except that the thickness 
of each test specimen shall be measured and the 
average tensile strength reported in pounds per 
square inch calculated as follows: 


B 
Tensile st th, psi. = — 
ensue streng ps! oT 


where: 

B = average breaking strength in pounds per - 
2 in. width of test specimen, and 

T = average thickness of test specimen in — 
inches. 


Committee D-13 recommends for im- 
mediate adoption revisions in the follow- 
ing three methods prepared by Subcom- 
mittee A-8: 
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Standards Methods of Testing and 
Tolerances for Woven Glass Fabrics 
(D 579 — 47): 


Section 8.—Change to read as follows: 
“8. Organic Content.—The organic con- 
tent shall be not more than that 
specified.” 

Section 12.—Change to read as follows: 

12. Organic Content.—Five test specimens, 
each weighing not less than 1 g., shall be dried 
for 1 hr. at 105 to 110 C. (221 to 230 F.) and the 
weights of the dried individual specimens re- 
corded, weight A. The specimens shall then 
be placed in a ventilated oven and heated for 
not less than 10 min. at a temperature of 625 
+ 25 C. (1157 + 45 F.). After removal from 
the oven, they shall be cooled in a desiccator 
to room temperature and then weighed, weight 
B. The weight of the material removed, weight 
A minus weight B, shall be multiplied by 100 
and divided by the oven-dry weight of the speci- 
men, weight A, to obtain the percentage of or- 
ganic content. The average of the five de- 
terminations shall be the organic content. 


Standard Methods of Testing and Toler- 
ances for Woven Glass Tubular Sleev- 

. ing and Braids (D 581 — 44): 

- Sections 8 and 12.—Revise to read as 

indicated above for Sections 8 and 12 in 

Methods D 579. 


Standard Methods of Testing and Toler- 
ances for Woven Glass Tapes (D 580 - 

47): 

Sections 8 and 16.—Revise to read as 
indicated above for Sections 8 and 12 of 
Methods D 579. 

Section 17.—Delete this section on 
Sizing Content as it is unnecessary in 
view of the changes recommended above. 

Subcommittee A-4 prepared the re- 
visions of the following two standards 
which are recommended by Committee 
D-13 for immediate adoption: 


Standard Specifications and Methods of 
Test for Asbestos Tape for Electrical 
Purposes (D 315 — 44): 

Section 14 (a).—Delete the 

“continuous” in the first sentence. 


word 
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Section 14 (b).—Add the following to 
this paragraph: “and at least 75 per 
cent of the rolls in any shipment shal] 
be in continuous lengths. No roll shall 
consist of more than two pieces. A 
roll consisting of two pieces shall be 
properly marked to indicate the location 
of the break.” 

Section 14 (c).—Change to read as 
follows: “The end of the tape shall be 
firmly secured. Metallic fasteners are 
not acceptable.” 


Standard Specifications and Methods of 
Test for Asbestos Roving for Elec- 
trical Purposes (D 375 — 44): 


Section 3 (a).—Change the table in 
this paragraph to read the same as 
Table I in Section 4 (a) of Tentative 
Specifications D 299, 

Section 5.—Change the magnetic 
rating max., per cent for ferrous roving 
in the table in this section from “2” 
ta: “3 

Section 8 (b).—In the second sentence, 
change “0.1 g.” to read “0.1 grain.” 
In the formula, substitute “7000” for 
“453.6.” In the legend for W in this 
formula, change “grams” to read 
“grains.” 

Section 12.—Change to read as follows: 


12. Total Iron.—Dry a sample of approxi- 
mately 1 g. to constant weight in an oven at 105 
to 110 C., transfer the specimen to a desiccator, 
allow to cool to room temperature, and then 
reweigh. This is the oven-dry weight of the 
specimen, weight W. Heat the specimen 
gently with a bunsen burner to smoke off organic 
matter and then ignite in a mufile at 650 C. for 
20 to 30 min. Transfer the specimen to a 200 
ml. porcelain casserole and digest with 50 ml. 
of HCl (1:1). Without filtering, reduce the 
ferric iron in this hot solution by adding the 
stannous chloride solution drop by drop from 
a buret until the yellow color of the FeCl just 
disappears. The white surface of the porcelaia 
casserole affords a convenient background for 
determining when sufficient stannous chlo 
has been added. Cool the solution to 15 ¢ 
and while stirring, add 10 ml. of HgCh solu 
tion. . The formation of a light silky precipita 
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Courtesy Institute of Textile Technology. 


(a) Longitudinal View (500), (b) Cross-Section (500). 
Fic. 1.—Cotton Fibers 


(a) Longitudinal View (500). 


Courtesy Institute of Textile Technology 
(b) Cross-Section (500). 


Fic. 2.—Mercerized Cotton Fibers 
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Report oF Committee D-13 (APPENDIX) 


indicates that the conditions are Correct. Ifa of the Society for adoption as standard Te 
dark precipitate of metallic mercury is formed, and incorporation in Standard Definj. 
it indicates that an excess of stannous chloride tions D 123: ar 
_ has been added and the determination shall be ions - | 
repeated using the correct amount of the re- Febric, combustible 
ducing reagent. Stir the solution vigorously Fabric. difficult] bustibl Te 
for 1 min., add 3 drops of indicator solution, abric, difficultly combustible or slow bum- ; 
and dilute to 150 ml., with cold distilled water. wena 4 bl 
Titrate with standard 0.1 N K,Cr.O; having a 
titer no greater than 0.004 g. of Fe.O;. The Fabric, fire retardant, with name changed to Te 
point is reached when a drop of the po- 
tassium dichromate solution produces an intense 4 ale ( le) 
deep-blue coloration that remains unchanged on of noncombustible 
the further addition of dichromate. | 
Section 13.—Change “original” to Yarn, carded 
“oven-dried” specimen. Yarn, combed 
_ Sections 14, 15, and 16.—Delete these _ 
three sections and renumber Section 17 ADOPTION OF TENTA TIVE REvisioys 
as 14. Change the center heading from AS STANDARD a 
“Magnetic Iron Content” to “Magnetic Standard Methods of Testing Fel sal 
‘Iron Rating;” also substitute reference (D 461 - 47): 
to anew A.S.T.M. metho.’ 
The committee recommends that the 
ADOPTION OF TENTATIVES present tentative revision of Section 7 Sta 
AS STANDARD (d) and the new Section 10 on Bursting 
The committee recommends that the Strength be adopted as standard and I 
following three tentative specifications incorporated in these methods. Sta 
and methods be approved for reference 1 
to letter ballot of the Society foradoption Standard Method of Test for Fiber f 
as standard with revision only in one as Length of Wool (D 519 - 40): _ 
Sta 


indicated: 

Tentative Method of Test for Com- 
patibility of Glass Yarn with Insulating 
Varnish (D 886 - 46 T), 

_ Tentative Specifications for Mechanical 
Roll Felt (D 944 — 48 T), and 
- Tentative Methods for Identification of 


Fibers in Textiles (D 276 - 43 T), re- Standard Methods of Testing and Toler- 


The committee recommends that the 
new Section 9 on Cumulative Fre 
quency Curve and the new Fig. 2 show- 
ing the Cumulative Length Frequency 
Curve be adopted as standard and in- 
corporated in this method. 


vised as follows: ances for Single Jute Yarn (D 54!- 
Figures 1 and 2.—Substitute the accompany- 41): 
ing Fig. 1 on Cotton Fibers and Fig. 2 on Mer- : b 
_cerized Cotton Fibers for the present Figs. 1 The committee recommends that the 
and 2. tentative revisions of Sections 11 an¢ 


16 be adopted as standard and incor 


Tentative Definitions of Terms Relating ' 
porated in these methods. 


to Textile Materials (D 123-48T): 


The committee recommends that the 
definitions of the following terms be 
_ approved for reference to letter ballot Standard Method of Test for Strengtt 
» 3 This method is ange as a suggested method in of Rayon and Estron Woven Fabrics 


ndix VIII of A.S.T.M. Standards on Textile Mate- 
October, 1949. (Issuedasa separate publication.) When Wet (D 415 38), 


WITHDRAWAL OF STANDARD 
AND TENTATIVES 


x 
| 
al 


RECOMMENDATIONS ON STANDARDS FOR TEXTILE MATERIALS — 


Tentative Specifications for All Wool, 
All Cotton, and Wool and Cotton 
Blanketing (Household) (D576- 
40T), 
Tentative Specifications for Medium- 
Weight Cotton Corduroy Fabrics 
(D 625 - 41 T), and 

Tentative Specifications for Finished, 
All-Cotton, Upholstery Tapestries 
(D 678-42 T). 


Committee D-13 recommends that 
the standard and tentatives listed above 
e withdrawn. The withdrawal of 
Standard Method D 415 is being recom- 
mended since a method for determining 
the strength of fabrics when wet is being 
recommended for incorporation in Stand- 
ard Methods D 39. 


REAFFIRMATION OF STANDARDS 


Standard Specifications and Methods of 
Test for Tire Fabrics Other than Cord 
Fabrics (D 122 — 37), 

Standard Specifications and Methods of 
Test for Certain Heavy Cotton Fabrics 
for Manufacture of Hose and Belting 
(D 181-42), 

Standard Methods of Testing and Toler- 


| 
4 3 2 


ances for Certain Light and Medium 
Weight Cotton Fabrics (D 274-36), 


Standard Method of Determining Rela- 


tive Humidity (D 337 - 34), 

Standard Methods of Testing and Toler- 
ances for Tubular Sleeving and Braids 
(D 354-41), 

Standard Specifications and Methods of 
Test for Holland Cloth (D 376-35), 

Standard Methods of Testing Pile Floor 
Covering (D 418-42), 

Standard Method of Test for Resistance 
to Yarn Slippage in Silk, Rayon, and 
Estron Woven Fabrics (D 434-42), 

Standard Method of Test for Shrinkage 
in Laundering of Woven Cotton Cloth 
(D 437 — 36), 


Standard Methods of Testing and Toler- 


ances for Yarns Spun from Mixed 
Fibers (D 508 — 43), and 

Standard Methods of Testing Woven 
Asbestos Cloth (D 577 - 42). 


Committee D-13 recommends that 
the standards listed above which have 
been published for six years or longer 
without revision be reaffirmed as there 
are no immediate changes contemplated 
in these standards. 
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Committee D-14 on Adhesives held 
two meetings during the year. A three- 
day meeting was held in Washington, 
D.C. on November 10, 11, and 12, 1948. 
At this session a talk was given by Saul 
Moses of Johns Hopkins University on 
a theoretical approach to adhesion. A 
two-day meeting was held at Chicago, 
Ill., on April 7 and 8, 1949 at which a 
talk was given by John H. Wills of the 
Philadelphia Quartz Co. on properties 
of sodium silicate as an industrial adhe- 
sive. 

At the present time, Committee D-14 
consists of 86 members, of whom 43 
are classified as producers, 30 as con- 
- sumers, and 13 as general interest mem- 
bers. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1948 Annual Meet- 
ing, Committee D-14 presented to the 
Society through the Administrative 
Committee on Standards the proposed 
Tentative Method for Testing the 
Strength Properties of Adhesives in 
Shear by ‘Tension Loading (Metal-to- 
Metal) (D 1002-49 T). This recom- 
_mendation was accepted by the Stand- 
ards Committee on May 2, 1949, and 
the new tentative will appear in the 1949 
Book of A.S.T.M. Standards. 


* Presented at the Fifty-second Annual Meeting of the 
Society, June 27-July 1, 1949, 


NEW TENTATIVE 
Tentative Method of Test for Cleavay 
Strength of Metal-to-Metal Adhesives: 
This proposed tentative was presented 
to the Administrative Committee on 
Standards on July 2, 1948. It was te. 
ferred back to Committee D-14 with 
the suggestion that a statement be in- 
serted covering the repeatibility and re. 
producibility limits of the test. Com 
mittee D-14 reviewed the method quite 
carefully at both the November and 
April meetings in the light of the sug. 
gestion, but believe that the proposed 
method should be accepted for publica- 
tion as tentative in its present form an( 
the committee so recommends. 


ADOPTION OF TENTATIVES AS 
STANDARD 


The committee recommends that the 
following four tentatives be approve! 


for reference to letter ballot of the Sx 


ciety for adoption of standards withou! 
revision: 


Tentative Methods of Test for: 
Tensile Properties of Adhesives (D 897 - 461,’ 
Peel or Stripping Strength of Adhesives (D 903 - 
46 T)? 
Strength Properties of Adhesives in Shear ») 
Compression Loading (D905 - 47 T),? an¢ 
Strength Properties of Adhesives in _Plywow 
Type Construction in Shear by Tension Low 
ing (D 906 - 47 T).8 
a This method was accepted as ten 
and appears in the 1949 Book of A 
Part 4. LB 
21946 Book of A.S.T.M. Standards, Part IIL 
21947 Supplement to Book of A.S.T.M. Stao#” 
Part III-B. 
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tative by the Socie!? 
S.T.M. Standards 


« REPORT OF COMMITTEE D-14 
ON 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 

lowing five tentatives be continued in 
their present status without revision 
sending further evaluation work and 
revision : 

entative Methods of Test for: 
eistance of Adhesive Bonds to Chemical Re- 
agents (D 896 - 46 T),? 
pplied Weight Per Unit Area of Dried Adhesive 
Solids (D 898 - 47 T) 3 
pplied Weight Per Unit Area of Liquid Ad- 
hesive (D 899 — 47 T) 3 
termining the Effect of Artificial (Carbon-Arc 
Type) and Natural Light on the Permanence 
of Adhesives (D 904 — 46 T),? and 
Impact Strength of Adhesives (D 950 — 47 T).3 

Committee D-14 has adopted by letter 
allot the standard laboratory atmos- 
heric conditions set forth in the Tenta- 
ive Definitions with Procedures Relat- 
og to Conditioning and Weathering 
AS.T.M. Designation: E 41) for all 
methods where applicable that are under 
ts jurisdiction. 

The recommendations in this report 
wave been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Strength Properties 
M. H. Bigelow, chairman) continues 
very active. The Section on Tensile 
Strength is working on a_ simplified 
method of tension testing. The present 
lentative Method of Test for Tensile 
Properties of Adhesives (D 897 — 46 T) 
's being used successfully in a number of 
aboratories. Three test procedures de- 
veloped by the Section on Shear Strength 
‘ave already been published as tentative, 
‘wo for wood and one for metal, and 
the section is now evaluating a proposed 
to Book of A.S.T.M. Standards, 


fit. letter ballot vote on these recommendations was 
Heit: the results of the vote are on record at A.S.T.M. 
tadquarters, 


On ADHESIVES 


method for use with plastic materials. 
The Section on Impact Strength is re- 
vising the Tentative Method of Test for 
Impact Strength of Adhesives (D 950 — 
47 T) to modify the jig for holding speci- 
mens. Round-robin tests are continuing 
on flexural test specimens. A suggested 
method for fatigue testing is being pre- 
pared. A Tentative Method of Test for 
Cleavage Strength of Metal-to-Metal 
Adhesives has been prepared, as appended 
hereto.!. Round-robin work continues 
on peel testing. A new section on Creep 
and Flow has been formed to prepare 
methods of testing for these properties. 

Subcommillee II on Analytical Tests 
(L. Repsher, chairman) has been reacti- 
vated to work on methods of deter- 
mining solids content of adhesives. 

Subcommittee III on Permanence (R.F. 
Blomquist, chairman) is making progress 
toward its goal of establishing methods 
of testing permanence of adhesives for 
specification purposes. The Section on 
Effect of Moisture and Temperature is 
conducting round-robin tests on cyclic 
exposure procedures, and a method for 
determining the effect of continuous ex- 
posure is out to letter ballot of the sub- 
committee. The Section on Effect 
of Chemical Reagents is revising the 
Tentative Method of Test for Resistance 
of Adhesive Bonds to Chemical Reagents 
(D 896-46T) to include a screening 
test and has submitted the revision to_ 
letter ballot of Committee D-14, with 
returns on the letter ballot incomplete at | 
this time. The Section on Effect of Light _ 
is continuing round-robin work on the — 
Tentative Recommended Practice for 
Determining the Effect of Artificial — 
(Carbon-Arc Type) and Natural Light ; 
on the Permanence of Adhesives (D 904— 
46 T). The Section on Effect of Biologi- 
cal Factors has run extensive tests on 
several proposed methods and is now 
trying to choose the most effective and 
practical test procedure. 
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Subcommittee IV on Working Proper- 
lies (D. L. Swayze, chairman).—The 
“Section on Consistency has submitted 
a cup method, an adaptation of the 
Standard Methods of Testing Nitro- 
cellulose Clear Lacquers and Lacquer 
Enamels (D 333 — 40), to letter ballot, 
and several additional methods of de- 
termining consistency are receiving con- 
sideration in this section. The Section on 
Coating and Spreading Rate is request- 
ing members of Committee D-14 to use 
Tentative Methods D 898 and D 899 
and report the suitability of the methods. 
The Section on Slippage and Flow and 
the Section on Penetration are to be 
reactivated. The Section on Gap Filling 
Properties is preparing a method for 
submission to the subcommittee. The 
Section on Rate of Strength Develop- 
_ ment is now ready to submit a proposed 
method to letter ballot of Committee 
D-14. A great deal of work has been done 
; by the Section on Tack and Blocking; 
a tentative method on blocking is ready 


to be submitted to Subcommittee IV; 


- the work on Tack is in the stage of final 
evaluation, and on completion a pro- 
- posed method of test will be written. 
_ The Section on Storage Life is rewriting 
proposed method for submission to 
subcommittee ballot. 

Subcommillee V on Specifications (G. 
-Reinsmith, chairman).—The work of 
this subcommittee has been retarded to 
some extent by a lack of approved 
methods of test. However, the subcom- 
mittee has assumed the task of writing 


EDITORIAL NOTE 


specifications on a general purpose ad. 
hesive and an acoustical tile adhesive. 

Subcommittee VI on Nomenclature (F. 
Moser, chairman) has submitted 4 
second set of definitions to the Adminis. 
trative Committee on Standards and 
is continuing work on the definitions of 
other terms. 

Subcommittee VII on Research (R. C. 
Platow, chairman) has been investigating 
the problem of pure shear testing. and 
has been studying methods for deter. 
mining the corrosion resistance of ad- 
hesives. At the April meeting, N. J. 
DeLollis described work under way at 
the National Bureau of Standards on an 
investigation of the fundamentals of 
adhesion. 

Subcommittee VIII on Electrical Prop- 
erlies is temporarily without a chairman 
due to the resignation of G. A. Olsen. 
Proposed methods for determining arc 
resistance, power factor, insulation resist- 
ance, and dielectric constant are being 
written at the present time. 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 86 members; 60 members returned 
their ballots, of whom 56 have voted af- 
firmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
F. W. 


C ha irman. 


6 See Editorial Note below. 


G. W. Koehn, 
Secrelary. 


Subsequent to the Annual Meeting, Committee D-14 presented to the So- 
ciety through the Administrative Committee on Standards the recommenda- 
tion that the Tentative Definitions of Terms Relating to Adhesives (D 907 - 47 
T) be revised. This recommendation was accepted by the Standards Committee 


on September 22, 1949, and the revised tentative definitions appear in the 1949 


Book of A.S.T.M. Standards, Part 4. 
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REPORT OF COMMITTEE D-15 


ON 


ENGINE ANTIFREEZES* 


Committee D-15 on Engine Anti- 

freezes has held two meetings during the 
ar, both in Washington, D. C.; the 
rst on October 29, 1948, and the second 
» February 22, 1949. The Advisory 
ommittee and subcominittee meetings 
ere held concurrently. Active study 
roups of subcommittees have, in many 
stances, he!d separate meetings. 

The Ordnance Department, through 
ne A.S.T.M. Ordnance Advisory Com- 
mittee, expressed an urgent need for 
test methods to be used in the prepara- 
tion of a performance type specification 
or glycol antifreeze. This request was 
ccepted by Committee D-15 as a 
problem for immediate study. 

In order to assist the subcommittees 

in the selection of pertinent test methods, 
Subcommittee VII on Specifications has 
been activated. In addition, a special 
study group has been appointed to 
formulate standard conditions for sam- 
pling and testing antifreeze materials in 
order that test data on the properties of 
antifreezes may be more readily cor- 
related, 
_ There have been four resignations and 
lour additions to the list of committee 
members during the year. At present, 
there are 40 mernbers serving on the 
committee of whom 20 are classified as 
producers, 10 as consumers, and 10 as 
general interest members. 

The following changes in subcom- 
mittee chairmanships occurred during 
the year: R. E. Mallonee, vice D. B. 
Brooks as chairman of Subcommittee I 
on Freezing Point Determination; and 
K J. Harker, vice R. A. Willihnganz as 
“airman of Subcommittee IV on Chemi- 


"Presented at the Fift i 
y-second Annual Meeting of 
‘at Society, June 27 - July 1, 1949. 


cal Properties. J. M. Clark was elected 


chairman of the newly formed Subcom- 
mittee on Specilications. 


ACTIVITIES OF SUBCOMMITTEES © 


Subcommittee I on Freezing Point 
Determination (R. E. Mallonee, chair- 
man) has conducted extensive collab- 
orative tests on three proposed test 
methods for the determination of the 
freezing point of antifreeze solutions. 
It is the feeling of the subcommittee 
that suggested modifications to the 
procedure warrant further careful evalu- 
ation before the method is submitted to 
the Society as tentative. The group 
believes, however, that the information 
it has accumulated to date is of sufficient 
value to warrant its publication as in- 
formation only. The data are accord- 
ingly being assembled for submission 
to the Society. 

Subcommittee II on Antifreeze Field 
Testers (J. D. Klinger, chairman).—As 
the result of concerted effort on the part 
of its members, this subcommittee has 
completed the preparation of a proposed 
specification for a hvdrometer-thermom- 
eter antifreeze field tester. This will 
be submitted to the main committee 
for approval with the recommendation 
that it be published as information. 
Since it is necessary to know accurately 
the freezing point of antifreeze solutions, — 
for this specification, publication will 
be delayed until the tentative method of 
determining freezing point has been 
completed by Subcommittee I. 

With the approval of the Advisory 
Committee, this subcommittee has 
changed its name from “Hydrometers 
for Field Testing” to its present title 
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because the latter is believed to be a 
more general one and more descriptive of 
the functions of the group. 

Subcommillee III on Physical Prop- 
erlies (II. S. Nutting, chairman) has 
appointed subgroups to study methods 
for determining boiling point and specific 
gravity of antifreezes. Both groups 
have undertaken cooperative test pro- 
grams and have prepared test methods 
for approval by this subcommittee. 
Further work is in progress to determine 
the boiling point of mixed antifreezes 
and the specific gravity of aqueous anti- 
freeze solutions. ‘The proposed methods 
will be modified, if necessary, to include 
these broader scopes. 

Subcommittee IV on Chemical Prop- 
erlies (R. J. Harker, chairman) is con- 
ducting a series of cooperative tests on 
the following chemical properties of 
antifreezes and their aqueous solutions: 
pH and reserve alkalinity, water con- 
tent, and ash and solids on evaporation. 

Work on the classification of anti- 
freezes, assigned to the subcommittee 
for study has been postponed pending 
the development of necessary test meth- 
ods currently under investigation by 
other subcommittees. 

Subcommittee VI on Simulated and 
Actual Service Testing (E. Keller, 
chairman) has been assigned the specific 
task of preparing a circulating corrosion 
test method based on the procedure used 
by the National Bureau of Standards. 
This method was selected by the main 
committee as the one best suited to 
rapid development for Ordnance De- 
partment use in the time allotted. 
When completed and approved by the 
committee, it will be submitted to the 
Society for publication as information. 

Although it is not proposed at present 
to offer this method as tentative, the 
Study Group, on Corrosion and Foam- 
ing has startéd a limited amount of co- 
operative test work to establish optimum 
operating conditions. This study group 
is currently investigating other proce- 


dures for corrosion and foaming whic 
have been proposed for consideration a: 
tentative methods by fifteen cooperating 
laboratories and includes a test metho¢ 
based upon the procedure outlined j; 
Navy Department Specification 51-C.39 

The Study Group on Recommended 
Cooling System Practices is preparing 
a short article for publication. 

Subcommiltee VII on Specification; 
(J. M. Clark, chairman) was activated 
to consider important properties for 
which test methods should be developed 
by the other subcommittees. This sub- 
committee has recommended that im- 
mediate consideration be given to the 

Boiling point, 


following properties: 
Field testing, 


pH and reserve alkalinity, | 
Corrosion, 

Foaming, 
Storage stability, and 
Solids on evaporation. 
Other properties were considered, but 
recommendations to the committee were 
temporarily withheld for the following 
reasons. It was felt that difficulty would 
be encountered in preparing suitable test 
methods for heat transfer, seepage, and 
flammability in the foreseeable future. 
Viscosity and effect on car finish were 
believed to be irrelevant to the problem 
under consideration. It was agreed that 
toxicity was beyond the scope of A‘ 
T.M. and was more properly the col 
cern of qualified health organizations 


Freezing point 


This report has been submitted 1 
letter ballot of the committee, whic: 
consists of 36 voting members; 29 mett- 
bers returned their ballots, of whom 2* 
have voted affirmatively and 0 neg 
tively. 

Respectfully submitted on behalf 0! 
the committee, 


H. R. WoLr?, 
Chairman. 


E. H. KELLER, 
Secretary. 
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REPORT OF COMMITTEE D-17 


ON 


NAVAL STORES* 


Committee D-17 on Naval Stores held 
ne meeting on June 24, 1948, in con- 
ection with the Annual Meeting of the 
Society at Detroit, Mich. A joint in- 
formal meeting of all subcommittees was 
eld the previous day for the purpose of 
onsidering the reports from the sub- 
ommittee chairmen on the previous 
year’s work, deciding what actions should 
be recommended regarding methods 
inder study, and planning for further 
york to be done. 

Two changes in the committee By-laws 
were approved for submission to letter 
allot. One change would increase the 
number of members-at-large on the 
Advisory Committee from four to six; 
the other would eliminate a requirement 
that at least two members of such a com- 
mittee be selected from those serving as 
subcommittee chairmen. 

Additions and changes in the general 
committee membership bring the voting 
membership to 41, of whom 15 are 
classified as producers, 14 as consumers, 
and 12 as general interest members. 


New TENTATIVES 


Subcommittee IV on Chemical Analy- 
8 of Rosin has prepared three test 
methods for rosin that are considered 
tealy for publication. The committee 
therefore recommends for acceptance as 
'entative the following three methods: 


Tentative Methods of Test for: 


Ash in Rosin, 
Iron in Rosin, and 


she esented at the Fifty-second Annual Meeting of 
“te Society, June 27 - July 1, 1949. 

Seen methods were accepted as tentative by the 
pe + how appear in the 1949 Book of A.S.T.M. Stand- 
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represents a revision of the Proposed Method 
of Test for Unsaponifiable Matter in Rosin, 
which was published as information with the 


1944 report of the committee. oO 


Unsaponifiable Matter in Rosin. This method | 


REVISION OF TENTATIVE 


Tentative Methods of Testing Tall Oil ; 
(D 803 - 44 T).2—Based on comparative 
tests by several members of Subcommit- 
tee V on Tall Oil, it is recommended that , 
this method be revised as follows, and | 
retained as tentative: 

Section 30.—Delete the word ‘“modi- 
fied” in line 2 and change the numeral 
“1” at the end of the formula to a “2”; 
also delete the words ‘“‘corrected (Note)” 
in the legend of R,, and the note at the © 
end of this section. 


ADOPTION OF TENTATIVES AS STANDARD _ 


The committee recommends that the ~ 
following two tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard, with revisions 
as indicated: 


Tentative Methods of: 


Sampling and Testing Pine Oil (D 802-46 T),?_ 
revised as follows: 

Section 7(b).—Delete the last sentence and 
substitute the following: “Observe and record 
the temperature when 5 ml. has been collected 
in the receiving cylinder, and thereafter when 
the level of the distillate reaches each 10-ml. — 
division on the graduate, including a 95-ml. — 
reading. Discontinue the distillation when the — 
temperature reaches that specified for the : 
minimum percentage requirement after cor- 
recting for barometric pressure. Allow the 
condenser to drain and record the percentage 


2 1946 Book of A.S.T.M. Standards, Part II. 
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distilled. Should the thermometer reading 
start to fall before the temperature specified 
for the minimum percentage requirement is 
reached, discontinue the distillation, record 
the maximum temperature reached, allow the 
condenser to drain, and record the percentage 
distilled.” 

Section 10 (c).—Add “and increase the rate 
of boiling” to the end of the ninth sentence. 
Delete the last four sentences and substitute 
the following: “At 15 to 20-min. intervals 
during the test, raise the mercury reservoir 
slowly to return the supernatant dipentene to 
the flask, retaining the water in the trap, and 
again lower the mercury level to collect addi- 
tional distillate. Discontinue the distillation 
at the end of 4 hr., and bring down any drop- 
lets of water in the condenser with the brush.” 


Testing Pine Tar and Tar Oil (D 856 - 46 T),? 
revised as follows: 


Section 17.—In the third sentence change 
“distill” to “reflux.” Change the fourth sen- 
tence to read as follows by the addition of the 
italicized words and the omission of those in 
brackets: “When most of the water has been 
trapped, |distilled| increase the rate of reflux 
[distillation] to 200 drops per min. and main- 
tain this [distillation] rate until no more water 
is collected. In the fifth sentence, change 
“distillation” to “refluxing.” 

Section 20.—In the second sentence, delete 
the words “a small quantity,” and substitute 
therefor “about 15 to 20 mg. of Alkali Blue 
6 B (dry powder).” At the end of this section 
add a note reading as follows: ‘“Note.— 
Alkali Blue 6 B for use as an indicator in this 
test is the dye identified in the Color Index 
as No. 703, being the sodium salt of triphenyl- 
pararosaniline monosulfonic acid. A dye often 
sold as Alkali Blue is Alkali Blue 4 B (Color 
Index No. 704), a mixture of the above with 
the sodium salt of diphenyl rosaniline mono- 
sulfonic acid. Although the latter undergoes 
the same color change in the transition from 
acid to alkaline solution, the 6 B indicator is 
the one recommended for use in this test.” 


REVISION OF STANDARDS AND 
REVERSION TO TENTATIVE 


The committee recommends that the 
following standard methods be revised 
and reverted to tentative: 

Standard Method of Test for Acid Num- 
ber of Rosin (D 465 - 42).2—The method 
of determining the titration end point in 
the test for acid number of dark rosins, as 


given in the Tentative Method of Teg 
for Acid Number of Dark Rosin (D 465 - 
45 T), which was published as a tentatiye 
revision of Standard Method D 465, 
proved to be unsatisfactory for 4 
standardized procedure. Subcommittee 
IV has developed a more suitable method 
using an electrometric titration pro. 
cedure. The committee feels that the 
present standard and the revised tenta- 
tive should be combined as appended 
hereto® for publication as a single method 
of test applicable to all rosins. 
Standard Method of Test for Saponifica- 
tion Number of Rosin (D 464 -42)2—As 
in the case of the acid number test, 
Standard Method D 464 for saponifica- 
tion number of rosin was found unsuitable 
for testing the darker grades. The elec- 
trometric titration method was found 
oatisfactory for all grades of rosin, In 
nrder to have available both procedures 
is a single A.S.T.M. method, the com- 
mittee recommends that the electro- 
metric method be incorporated with the 
standard method into the combined 
method appended hereto* and published 
as tentative until it can again be recom- 
mended for adoption as standard. 


STANDARD CONTINUED WITHOUT 
REVISION 


The committee has reviewed the 
Standard Method of Test for Toluene 
Insoluble Solid Matter in Rosin (Chiefly 
Sand, Chips, Dirt, and Bark) (D 269- 
30)? and recommends that it be com 
tinued as standard without revision. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
Tentative Methods of Test for Volatile 
Oil in Rosin (D 889 — 46 T)? and the Test 
for Water in Liquid Naval Store 
(D 890 - 46 T)? be continued as tentative 

2 These revised methods were accepted by heed 


and appear in the 1949 Book of A.S.T.M. BS) 
Part 4. 
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as these tentatives are still under col- 
lborative study, and no recommenda- 
tions can be made at this time. 

The recommendations appearing in 
this report have been submitted to letter 
allot of the committee, the results of 
hich will be reported at the Annual 
Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


Since wooden barrels are no longer 
sed as commercial containers for rosin, 
onsideration is being given by the com- 
mittee to changes in the Standard Meth- 
ods of Sampling and Grading Rosin (D 
509-45). This revision will be presented 
in the 1950 report of the committee. 

Subcommilteee I on Soflening Point of 
Rosin (J. M. Schantz, chairman).— 
Efforts are being made through Com- 
mittee E-1 on Methods of Testing, and 
with the cooperation of other interested 
technical committees, to work out a basis 
for combining the two Ring-and-Ball 
Softening Point Methods, E 28 and 
D 36, into a single A.S.T.M. standard 
applicable to all resinous and bituminous 
materials, with flexibility to permit such 
variations as may be necessary with dif- 
ferent types of material. The incorpora- 
tion of an optional bath heating method 
using a submerged resistance coil with 
voltage control is also under consid- 
eration, 

Subcommittee III on Volatile Oils in 
Rosin (S. R. Snider, chairman).—Col- 
laborative work is now under way to 
study the present Tentative Method of 
Test for Volatile Oil in Rosin (D 889 - 
T) by running this test on three 
samples of gum rosin with high volatile 
ol content that were produced acci- 
‘entally on commercial turpentine dis- 
tiling equipment of various types. No 
— has been made on this work. 
IV on Chemical Analysis 


‘ 
The letter ballot vote on these recommendations was 


fay 
orable; the results of the vote are on record at A.S.T.M. 
quarters, 


of Rosin (W. D. Pohle, chairman) has 
been very active in studying methods 
that can be used for determining acid and 
saponification numbers of both light and 
dark rosins, also other determinations. 
The results of this work are embodied in 
the recommendations affecting Standard 
Methods D 464 and D 465 and the three 
new tentatives presented for publication, 
as appended hereto.! 

Subcommittee V on Tall Oil (A. Pollak, 
chairman).—Several members of the 
committee have been doing some work in 
an effort to determine the relationship 
between the results obtained on rosin 
acid number of tall oil by the alternative 
modified Wolfe and McNicoll esterifica- 
tion methods. While consideration is 
being given to withdrawing the McNicoll 
method from Tentative Methods D 803, 
no final decision has been reached. A 
correction in the McNicoll formula for 
computing rosin acid number is being 
recommended.’ Tests are also being made 
of an electrometric titration method in 
the Wolfe procedure for rosin acid 
number. 

Subcommittee VI on Pine Tar (J. P. 
Bain, chairman).—While no collabora- 
tive work was done last year on pine tar 
samples, a careful study of previous col- 
laborative tests seemed to warrant a rec- 
ommendation for adoption as standard 
of the Tentative Methods of Sampling 
and Testing Pine Tars and Pine-Tar Oils 
(D 856 - 46 T) with some minor revisions. 

Subcommiltee VII on Terpene Hydro- 
carbons and Pine Oil (R. E. Price, chair- 
man).—This subcommittee, in addition 
to making the tests that led to the recom- 
mendation for adoption as standard of 
Tentative Pine Oil Methods D 802, has 
been working on two methods of test 
applicable to turpentine, namely, for 
determining evaporation residue and 
acidity, calculated as acid number. 
Evaporation residue is a test applied to 
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turpentine in some European countries, 
and it was thought advisable to have 
_ available a standard A.S.T.M. test pro- 
cedure, even though it is not customary 
for American buyers and users of tur- 
pentine to make this determination. 
_ High acidity in turpentine, especially in 
gum turpentine, has been found to have a 
detrimental effect on its keeping quality, 
and rate of discoloration after being 
1 stored in tanks or shipped in steel drums. 
The acidity consists of a water-soluble 
y sO 
‘portion, and a water-insoluble portion, 
the latter being the more troublesome, 
_ and caused by too rapid distillation of the 
pine gum. The test procedures, given in 
_ Appendix I will be referred to Commit- 
tee D-1 on Paint, Varnish, Lacquer and 
Related Products through its Subcom- 
mittee V on Volatile Solvents, as soon as 
_ they receive final approval of Committee 
~D-17. A change in the specifications 
covering specific gravity of destructively 
distilled wood turpentine is also being 
considered. 
Subcommittee VIII on Rosin Oil (V. E. 
Grotlisch, acting chairman).—At the 
1944 meeting, the committee voted to 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee D-17 presented to the So- 


authorize a subcommittee on rosin oj, 
Due to war conditions and other cir. 
cumstances, it has been impossible t 
organize this subcommittee and to finda 
chairman who could devote the neces. 
sary time to the work. In order, however 
to bring the subject of rosin oil into more 
active status, the general committee 
chairman has collected information on 
rosin oil test methods and has prepared 
a set of suggested methods for further 
study. These methods are published in 
Appendix IT as information to elicit sug- 
gestions. 


This report has been submitted t 
letter ballot of the committee, which 
consists of 41 voting members; 30 men- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
V. E. 
Chairman 
W. A. KiIRrKLIN, 


Secretary. 


ciety through the Administrative Committee on Standards the recommenda- 
tion that the Tentative Methods of Testing Tall Oil (D 803 — 44 T) be re- 
vised. This recommendation was accepted by the Standards Committee on 
September 22, 1949, and the revised tentative methods appear in the 1949 
Book of A.S.T.M. Standards, Part 4. 
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Since turpentine comes within the 
cope of interest of Committee D-17, al- 
though the Standard Methods of Sam- 
ling and Testing Turpentine (D 233) 
ze published under the jurisdiction of 
‘ommittee D-1 on Paint, Varnish, Lac- 
wer and Related Products, Committee 
D-17 has developed the following pro- 
posed tests for evaporation residue and 
acidity of turpentine. These proposed 
tests are published as information only. 
When these tests have been approved 
w Committee D-17, they will be recom- 
mended to Committee D-1 for inclusion 
n Methods D 233. 


EVAPORATION RESIDUE 
Procedure 


15. (a2) With a small pipet, deliver 
approximately 10 g. (12 ml.) of turpen- 
tine into a tared, flat-bottom, straight- 
side aluminum (milk evaporating) dish 
73mm. in diameter and 20 mm. in depth. 
Weigh to the nearest 0.01 g. 

(b) Place the dish on a boiling water 
or steam bath for exactly 60 min. Re- 
move the dish, wipe off the outside, and 
place in an oven maintained at 105 + 
1C. for an additional 60 min. Remove, 
(ool in a desiccator, and weigh. 

c) Replace the dish in oven for an 
additional 15 min. and again cool and 
weigh. If the loss in weight for such an 
additional heating period does not exceed 
0g. record this last weight as the 
tnd point of the test. If the loss in weight 


during such an additional period exceeds 
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APPENDIX I 


PROPOSED TESTS FOR EVAPORATION RESIDUE AND ACIDITY OF — 
TURPENTINE! 


0.02 g., repeat the 15-min. reheating 
periods until the loss in weight for such 
a period does not exceed 0.02 g. 


Calculation and Report 


dish from the last weight to obtain the 
weight of residue. Calculate and report 
the percentage of evaporation residue to 
the nearest 0.1 per cent. 


16. Subtract the tare weight of the f 


Precision 


17. Duplicate tests should agree within 


0.2 per cent. 
Reagents 


18. (a) Sodium Chloride Solution.— 
Dissolve 100 g. of U.S.P. or c.p. NaCl 
in 1 liter of distilled water. 

(b) Standard Alcoholic Potassium Hy- 
droxide Solution (0.1 N).—Prepare 
solution of 6.6 g. potassium hydroxide 
in either 82 per cent isopropyl alcohol 
or 90 per cent methyl alcohol, as follows: 
Dissolve 6.6 g. of KOH in 100 ml. of 
CO,-free water, then dilute to 1 liter 
with either 91 per cent isopropanol or 
99.5 per cent methanol; or dissolve 6.6 
g. of KOH in 170 ml. of water and dilute 
to 1 liter with 99 per cent isopropanol. © 
Standardize against a standard 0.1 N 
acid. 

(c) Solvent.—Neutral isopropyl alcohol, 
of either the 99 per cent (preferred) or 
91 per cent grade. Prepare by adding 
alcoholic KOH solution dropwise until 
a pink color is obtained with phenol- 
phthalein. 

(d) Phenolphthalein Indicator Solution. 
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rocedure 


19. (a2) Measure 100 ml. of turpentine 
in a graduated cylinder and transfer to a 
500-ml. separatory funnel. Add 100 ml. 
of NaCl solution, stopper, and shake 
vigorously for about 20 sec. Allow to 
settle and draw off all the salt solution 
into a 250-ml. Erlenmeyer flask. Do not 
wash the turpentine. Titrate the salt 
solution with KOH solution, using 0.5 


. ml. of phenolphthalein indicator. 


(b) Draw the turpentine into a 300-ml. 
Erlenmeyer flask and wash the sepa- 
ratory funnel twice with 50-ml. portions 
of isopropy] alcohol solvent, adding these 
washings to the turpentine. Shake to 
effect solution of the turpentine in the 
solvent, add 0.5 ml. of phenolphthalein 
indicator, and titrate with KOH solution 
to a light pink end point that persists 
for 1 min. or more, keeping the flask 
stoppered. 


Calculation and Report 

20. (a) Calculate separately the water. 
soluble acid number and the alcohol- 
soluble acid number, in milligrams of 
KOH per gram of sample, as follows: 


AN X S6.1 


Acid number = 
1 mv 86 


where: 

A =milliliters of KOH solution re. 
quired for titration (Paragraph (a 
for water-soluble acid number and 
Paragraph () for alcohol-solubl 
acid number), 

N = normality of the KOH solutior 
and 

86 = assumed weight in grams of the 
100-ml. sample used. 

(b) Report the results to the second 
decimal! place. 


Precision 


20. Duplicate results should agre 
within 0.02. 
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APPENDIX II 
_ SUGGESTED METHODS OF TEST FOR ROSIN OILS | 


PROPOSED BY V. E. Gror.iiscu! 


scope a a ard, using a vessel similar to that in which 
|. These methods of test are intended the reference Standard is contained. 
for use in determining whether a rosin When non-liquid standards are used, the 
‘il conforms with any of the specifica- container shall be specified in terms of 
tions and requirements usually applied the distance between two opposite faces 
to ensure its suitability for any given use. through which the oil is viewed, and such 
In general, not all of the tests will be re- distance shall be shown on the report. 
quired to determine the fitness of an oil (c) For oils of such dark color that ac- 
jor a specific use. The term “rosin oil” curate and satisfactory color comparisons 
includes the oils obtained by dry destruc- ©" not be made, a portion of the oil shall 
tive distillation of rosin, with or without >¢ diluted with an equal quantity of re- 
subsequent redistillation, and also certain distilled toluene, and the color shall be 
compounded oils prepared from a rosin determined on such diluted oil. In such 
oll base. It has no relationship to the C4°¢ the report shall carry the notation 
product formerly known as liquid rosin, 50 per cent toluene dilution. 
for which the term “tall oil” has been  $pecific Gravity 


4, Determine the specific gravity of the - 
Appearance oil at 25 C. (77 F.) by means of any con- 
2. Examine a sample of the oil in a venient apparatus that has been cali- | 


dear glass tube by transmitted light, to brated at 15.56 C. (60 F.). Repor t the 
sertain whether any separated water, specific gravity to the third decimal as: 


tystals, or insoluble foreign matter are Specific gravity, 25/15.56 C. (77/60 F.) 


in Such observed specific gravity may be- 

Color converted to the 25/25 C. (77/77 F.) 
3. (a) Determine the color of the oil basis by multiplying the observed read-— 

btyreference to the A.S.T.M. Color Num- ing by the factor 1.002. 


bers, according to the Standard Method Note.—If a Hubbard pycnometer or weigh- 


of Test for Color of Lubricating Oil and ing bottle is used, the weight of water contained 
Petrolatum by Means of A.S.T.M. Union _ by the pycnometer at 25 C. shall be determined, 
Colorimeter (A.S.T.M. IT Yesignation: D in which case the ratio of oil to water will be 
155)2 ; the specific gravity at 25/25 C. To convert this 


to the 25/15.56 C. (77/60 F.) basis, multiply by 
(b) Compare the color of the oil with the factor 0.998. 7 


any suitable or specified reference stand- 


Viscosily 


‘Production and Marketing Administration, Depart- 
Comm teficulture, Washington, D. C., Chairman of 5. (a) Determine the viscosity of the 


‘Vi90 Beck of AST. Standards, Part 5. oil at 25 C. (77 F.) by comparing the rate 
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the oil in a closed tube with the move- 
ment of similar size bubbles in any suita- 
ble liquid reference standards. The iden- 
tity of such standards shall be shown in 
the report. 

(b) Determine the viscosity of the oil 
by means of a standard viscosimeter by 
one of the following procedures: 

(1) At 130 F. or 210F., using a Say- 
bolt Universal Viscosimeter, in ac- 
cordance with the Standard Method of 
Test for Saybolt Viscosity (A.S.T.M. 
Designation: D 88).? Report the vis- 
cosity in seconds. 

(2) At 30 or 50 C., using a Stormer 
Viscosimeter, in accordance with Sec- 
tions 9 to 11 of the Tentative Methods 
of Sampling and Testing Pine Tars and 
Pine-Tar Oils (A.S.T.M. Designation: 
D 856).* Report the viscosity in sec- 
onds per 100 revolutions, or convert 
the observed reading to centipoises by 
means of the formula given in Section 


12 of Methods D 856. oe 
Flash Point 


6. Determine the flash point of the oil 
either in accordance with the Standard 
Method of Test for Flash and Fire 
Points by Means of Open Cup (A.S.T.M. 
Designation: D 92),? or in accordance 
with the Standard Method of Test for 
Flash Point By Means of The Pensky- 
Martens Closed Tester (A.S.T.M. Desig- 
nation: D 93). Report the method used. 


Acid Number 


7. Weigh 4.95 to 5.05 g., to the nearest 
0.01 g., of the sample into a 300-ml. 
Erlenmeyer flask. Add 100 ml. of a sol- 
vent containing equal parts of acetone 
and either 95 per cent ethyl alcohol 
(Formula No. 3A or No. 30 denatured) 
or methyl alcohol. Place on a steam bath 
and dissolve the oil in the solvent, con- 
necting an air-tube condenser to the neck 


of A. T. M. Standard ¢ Past 4. 
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of movement of an air bubble through 


of the flask and heating for not more than 
15 min., if necessary. Cool, add 1 ml, of 
phenolphthalein indicator solution, and 
titrate with either aqueous or alcoholic 
0.2 N standard alkali solution. Calculate 


the acid number, in milligrams of KOH 
per gram of sample, as follows: 


. ml. alkali solution X N x 56 
Acid number = ——— : 


where JN is the normality of the standard 
alkali solution. 


Free Rosin Acids 


8. Calculate the percentage of fre 
rosin acids in the oil, on the basis of a 
molecular weight of 346 for such acids, as 


follows: 


ml. alkali solution x N x0 346 X 10 
5 
= acid number X 0.617 


Rosin acids, per cent 


Note.—If the sample is a compounded o 
containing tall oil or other fatty acid component 
it will be necessary to determine the rosin ac 
number by an esterification process such as the 
modified Wolfe procedure given in the Standar 
Methods of Testing Tall Oil (A.S.T.M. Designs 
tion: D 803),? after which the percentage 0 
rosin acids present is determined by multiplying 
the rosin acid number by the factor 0.617. 


Volatile Maller 


9. Weigh 5.0 g. of the oil into a taret 
flat-bottom straight-side metal dish hav- 
ing a diameter of approximately 3 i 
Place in an oven at 105 + 2C. for 2b 
Remove to a desiccator, cool, and weigh. 
The loss in weight shall be ‘reported as 
volatile loss on heating, to the nearest! 
per cent. 


Moisture 


10. (2) Determine the moisture.in rosit 
oil on a 200-ml. sample in accordant 
with Sections 15 to 17 of AST. 
Methods D 856, or as described in the 
Standard Method of Test For Water 2 


| 


4 


Petroleum Products and Other Bitumin- 
us Materials (A.S.T.M. Designation: 
) 95),3 using either xylene or a petroleum 
naphtha as the solvent. 

(6) Alternate Method.—Determine 
moisture in the oil in accordance with the 
Standard Method of Test for Water and 
Sediment in Petroleum Products by 
Means of Centrifuge (A.S.T.M. Desig- 
nation: D 96).? 


Ash 
11. Determine the ash in rosin oil ac- 
wording to the Tentative Method of Test 


for Ash In Rosin (A. S. T.M. Designation: 
D 1063). 


Mineral Oil 


12. Transfer 10 ml. of e rosin oil to 
a 300-ml. round-bottom Florence flask, 
and cool by immersion of the body of the 
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flask in an ice bath. Introduce dropwise 
into the sample from a dropping pipet, 
40 ml. of fuming nitric acid, starting at 
a rate of 1 drop per 2 sec. and shaking 
the flask after each drop falls into the 


sample. When the reaction becomes less __ 


violent, the interval between drops may | 
be shortened. When all the acid has been 
added, shake the contents of the flask 
vigorously for a few seconds, keeping it 
cool until the reaction is complete. 

(6) Transfer the sample to a 50-ml. 
graduated cylinder and allow to stand. 
Unreacted mineral oil will rise to the 
surface of the mixture. The refractive 
index of the mineral oil should be less 
than 1.500. 

(c) Read the volume of mineral oil and ~ 
calculate the percentage to the nearest | 
0.2 per cent. 
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REPORT OF COMMITTEE D-18 
ON 


SOILS FOR ENGINEERING PURPOSES* 


Committee D-18 on Soils for Engi- 
neering Purposes held one meeting dur- 
ing the past year at the Annual Meeting 
of the Society in Detroit, Mich., on 
June 22, 1948. A joint meeting of the 
Executive Subcommittee and the sub- 
committee chairmen was held in 
Washington, D. C., on December 6, 
1948. 

Five new members were appointed to 
the committee and nine members were 
separated from the committee during 
the year. 

Committee D-18 was represented by 
E. J. Kilcawley and F. J. Converse at 
the Second International Conference 
on Soil Mechanics and Foundation En- 
gineering held in Rotterdam, Holland, 
during June, 1948. A paper on “The 
Activities of the American Society for 
Testing Materials in Soil Testing and 
Research,” was prepared for the Con- 
ference by Messrs. Kilcawley and 
Housel. 

The chairman of the Administrative 
Committee on Research brought to the 
attention of Committee D-18 certain 
suggestions and proposals relating to the 
furtherance within the committee of 
research on materials and testing. The 
subcommittee chairmen have been ad- 
vised of this request and are preparing 
lists of probable research projects in 
their sphere of activities. 

Inasmuch as there is some overlapping 
of work being handled by the D-4-D-18 
Joint Subcommittee and the “R” sub- 


*Presented at the Fifty-second Annual Meeting of the 
Society, June 27-July 1, 1949. 


committees of Committee D-18, H. | 
Clemmer and Harold Allen were a 
pointed during the 1948 Annual Meeting 
to discuss the problems arising wit 
members of the D-4 and D-18 subcon 

mittees involved. Mr. Clemmer report 

that after a discussion with the officer 
of Committee D-4, it was agreed that 
any research work being done by th 
“R” subcommittees would not confli 

with the activities of Committee D-4 or 
the joint subcommittee, but that whe 

the results of such work is referred t 

the “S” subcommittees for use in cor 

nection with standards, they should | 

processed through the joint subcommit 

tee. Committee D-4 further believe 

that Committee D-18 should hand 

any research work in stabilized soi 

that it desires, but that the standard 

for such work relating to highways shoul 

definitely be handled through the join 

subcommittee. It was felt by the mem 

bers of the Executive Subcommittee tha 

the joint subcommittee should be liste 

under the “S” subcommittees and th 

designation of “S-2” was given to thi 

subcommittee. 

The Special Subcommittee on Pro 
cedure in Soil Testing which was 4p 
pointed to revise the 1944 edition © 
“Procedures for Testing Soils,” has beet 
working throughout the year on th 
revision. The subcommittee canvassed 2. 
available sources to secure numero: 
suggested tests for this book. Thirty- 
nine new suggested test procedures " § 
revisions of present test procedures ¥e" 
received. Eight of the old procedut 
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were withdrawn. It is expected that the 
vork of the special subcommittee will 
completed by early fall and that the 
new edition of “Procedures for Testing 
Soils” will be ready for general distribu- 
tion by early winter. 

Committee D-18 plans to hold a 
regular meeting during the Pacific Area 
National Meeting in San Francisco, 
Calif., during October, 1949. Mr. F. J. 
Converse, who is a member of the West 
Coast Committee for Securing Papers, 
is arranging the program with the aid 
of C. W. Allen, chairman of the Special 
Papers Committee. 


CONTINUATION OF TENTATIVES 
WitrHout REVISION 


The committee recommends that the 
following tentatives be continued in 
their present status without revision: 


Method of: 


Test for Moisture-Density Relations of Soils 
(D 698 - 42 T), 

Test for Specific Gravity of Soils (D 854 — 45 T), 

Testing Soil-Bituminous Mixtures (D 915-47 T), 

Test for Shear Strength of Flexible Road Sur- 
faces, Subgrades and Fills by the Burggraf 
Shear Apparatus (D 916 - 47 T), 

Mechanical Analysis of Soils (D 422 - 39), and 


Definitions of Terms and Symbols Relating to: 
Soil Mechanics (D 653 - 42 T). 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee G-2 on Special Papers 

F. Bennett, chairman) made the 
hecessary arrangements to have the 
following papers presented at the 1949 
Annual Meeting of the Society: 


“The Procedure and Significance of Chemical 
aid Mineralogical Tests on Soils,” by T. 
William Lambe and V. F. B. de Mello. 

“Subsurface Explorations by Geophysical 
Methods,” by E. Raymond Shepard. 

“Study on Mechanical Oscillators,’ by R. 


K. Bernhard. 


Sorts ror ENGINEERING PURPOSES 


preparation of a new method of test 


This subcommittee is also assisting 
in securing papers for the Pacific Area 
National Meeting. 

Subcommittee G-3 on Nomenclature 
and Definitions (E. A. Abdun-Nur, 
chairman).—Definitions needing revi- 
sion and new terms and symbols have | 
been listed and distributed to the sub- 
committee members for development. 
Research work necessary to develop a — 
complete list is now being carried out by | 
the members who will make recom- 
mendations as to their findings. The 
final list will be coordinated with the © 
similar committee of the American > 


Society of Civil Engineers and then 


will be circulated for comment. 
Subcommittee R-1 on Surface and Sub- 
surface Reconnaissance (L. E. Gregg, 
chairman).—The activities of this sub- 
committee have been limited to the 
clarification of the scope of its work with 
relation to other subcommittees and 
sponsorship of papers for the 1949 annual 
and fall meetings of the Society. 
Subccmmiltee’ R-2 on Borings and 
Sampling for Soil Investigation (J. O. 
Osterberg, chairman) held its first meet- 
ing in Detroit on June 21, 1948, during 
which time the sections were organized. 
This subcommittee has approved the 
proposed rev:sion of the Standard Meth- 
ods of Surveying and Sampling Soils 
for Highway Subgrades (D 420 — 45). 
Section C on Embankment Materials 
(E. A. Abdun-Nur, chairman) held an 
organization meeting in Detroit on June 
21, 1948, and formulated a _ working 
plan. A tentative procedure for the 
sampling of embankment materials is 
being formulated. 
Subcommittee R-3 on Physical Charac- 
teristics of Soil (Harold Allen, chair- 
man): Section A on Grain Size and 
Specific Gravity, E. E. Bauer, chairman, 
was given the responsibility for the 
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for the amount of material finer than 
the No. 200 sieve for soil and the revi- 
sion of the Standard Method of Mechan- 
ical Analysis of Soils (D 422 ~-39) and 
the Tentative Method of Test for 
Specific Gravity of Soils (D 854-45 T). 

Committee members now have the 
second draft of the proposed method of 
testing soil fractions finer than the No. 
200 mesh sieve. The section will recom- 
mend to Subcommittee R-3 that the 
present Standard Method D 422 be re- 
verted to tentative and that the tentative 
revision of this standard submitted in 
August, 1942, be included. Research 
studies on air dispersion cups, dis- 
persing agents, and hydrometer design 
are currently being carried out by the 
section. 

Several changes in the ‘Tentative 
Method D 854 are being recommended 
to the committee for approval. Provi- 
sion is made in the revised version for 
the method of test for particles larger 
than the No. 4 sieve and for the use of 
kerosine when desired instead of water. 
The provision for pulverizing particles 
larger than the No. 4 sieve has been 
eliminated. 

Subcommillee R-5 on Structural Proper- 
lies of Soil (D. M. Burmister, chair- 
man): Section A on Consolidation, D. 
M. Burmister, chairman, has been carry- 
ing out research during the year on: 

1. The preparation of undisturbed and 
compacted samples and the effect of 
sample disturbance. 

2. Methods of loading specimens by 
progressive versus uniform increments. 
This includes the study of sensitivity of 
soils to the method of loading. 

3. Direct permeability test methods 
for the determination of time-consolida- 
tion relations. 

Section B on Direct Shear (F. J. 
Converse, chairman) prepared a revised 
edition of the “Method of Test for 
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Shearing Resistance of Soil by a Direct 
Shear Method” for inclusion in the 


new edition 


of the 


“Procedures for 


Testing Soils.” This section plans to 
study the shearing resistance of clays 
by the direct shear method during 1949 
on Methods of Testin; 
Soils under Triaxial Loading (W. G 
Holtz, chairman) will sponsor a roun 
table discussion on triaxial testing dur 
ing the June, 1949, meeting to includ 
triaxial testing equipment, triaxial test 
procedures, triaxial test data analysis 
and a discussion of recent findings, 
Subcommittee R-6 on Physico-Chemica 
Properties of Soils (E. F. Preece, chair 
man) plans to hold an_ organizatio 
meeting during the Annual Meeting 
of the Society in June, 1949, 
Subcommittee R-8 on Special and Con 
struction Control Tests (H. F. Clemmer 
chairman).—-Although this subcommi 
tee or its sections have held no meeting: 
during the year, considerable progres 
has been made toward completing its 


Section C 


organization. 


Subcommiltee R-9 on Dynamic Proper 
ties of Soil (R. K. Bernhard, chairman 
will hold a joint meeting with Subcom 
mittee R-1 to discuss the overlapping 
scopes of their activities. A comprehen: 
sive list of publications referring ¢ 
soil dynamics has been started. 

Subcommittee R-10 on Bearing Tes 
of Soil in Place (L. A. Palmer, chai 
man): Section B on Pile Load Bearing 
Tests (A. E. Cummings, chairman).—4 
tentative method covering pile |0 
tests has been prepared and submitte 
to the subcommittee members for cot 
sideration and comment. 

Subcommittee S-1 on Specification: 
and Methods of Tests (F. J. Convers 
chairman) recommends that the pi 
posed revision of Standard Method D 
420, prepared by Subcommittee R-? be 


referred to letter ballot of Comm! 


D-18. 


Wy 
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This report has been submitted to Respectfully submitted on behalf of E 7 
letter ballot of the committee, which the committee, 

consists of 98 voting members; 72 E. J. Kitcaw_ey, 
members returned their ballots, of whom a. 
it have voted affirmatively and 0 R. F. BLANKs, 


Chairman. 
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REPORT OF COMMITTEE D-19 


ON 
INDUSTRIAL WATER* 


Committee D-19 on Industrial Water 
and all of its subcommittees held meet- 
ings at the Annual Meeting of the 
Society in Detroit, Mich., June 24 and 

25, 1948, and at the Spring Group meet- 
ings of A.S.T.M. committees in Chicago, 
Ill., March 3 and 4, 1949. 
Organization changes include the fol- 
_ lowing: In Subcommittee ITI on Methods 
of Sampling, Section B on Sampling of 
‘ Water-Formed Deposits becomes a sub- 
section of Section A on Water, and in 
Subcommittee V on Classification, a new 
Section on Nomenclature and Terminol- 
-oBy has been established. The newly 
formed Subcommittee VII on Water- 
Borne Industrial Waste was organized 
on October 19, 1948, in Pittsburgh, Pa., 


with four sections: 
_ A on Critical Constituents of Water-Borne 


Industrial Waste, 

B on Methods of Analyses for Water-Borne 
Industria] Waste, 

C on Methods of Sampling, Gaging, and 
Preservation of Samples, and 

D on Methods of Reporting Analytical Re- 
sults. 


The committee sponsored jointly with 
the Joint Research Committee on Boiler 
Feedwater Studies a Session on Water 
which was presented at the Annual 
Meeting of the Society on June 24, 1948, 
in the form of a Panel Discussion on 
“The Influence of Non-ferrous Metals 
and Their Compounds on the Corrosion 
of Pressure Vessels.’”! 

Committee D-19 is sponsoring a Ses- 
sion on Water at the Annual Meeting 


* Presented at the Fifty-second Annual Meeting of the 
Society, June 27—July 1, 1949. 


1 Proceedings, Am. Soc, Testing Mats., Vol. 48, pp. 
897-941 (1948), 
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of the Society at Atlantic City, N. J, 
on June 30, 1949, in the form of a round 
table discussion on “The Need for 
Standards for the Examination of Water. 
Borne Industrial Wastes,” at which 
the following papers? will be presented: 


Introduction by L. Kermit Herndon, Chemi- 
cal Engineering Dept., Ohio State University, 
Columbus, Ohio. 

“Gaging and Sampling Water-Borne Indus- 
trial Wastes,” by C. F. Hauck, Hall Labora- 
tories, Inc., Pittsburgh, Pa. 

“Analysis of Water-Borne Industrial Wastes: 
the Need for Uniformity in Methods of Analysis 
and Reporting,” by G. D. Beal and S. A. Braley, 
Mellon Institute of Industrial Research, Pitts- 
burgh, Pa. 


The Subcommittee on the Care of 
Steam Boilers and Other Pressure Vessels 
in Service, Chemical Section (formerly 
called the Feedwater Subcommittee), of 
the A.S.M.E. Boiler Code Committee. 
on which the A.S.T.M. is represented, 
held no meetings during 1948. Com- 
ments that have been supplied on 
the “Proposed Revisions and Addenda 
to Suggested Rules for the Care of Power 
Boilers, Section VII of A.S.M.E. Boiler 
Construction Code,’ are being reviewed. 

The Executive Committee of the 
Joint Research Committee on Boiler 
Feedwater Studies, on which A.S.T.M. 
is represented, met at the Annual 
Meeting of the A.S.T.M. on June 24, 
1948, and at the Annual Meeting of the 
A.S.M.E., in New York, N. Y., 
Dec. 2, 1948. The major activities 4 
the Joint Research Committee durin: 


2 ASTM No. 162, December, 1949, 
' Mechanical Engineering, pp. 557-560, June, 1%. 
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1948 included the co-sponsorship of 
sograms of technical papers with vari- 
5 national engineering societies and 
, organization of three subcommit- 
son Deposits, Corrosion, and Steam 
ntamination. 


NEW TENTATIVES 


The committee recommends for publi- 
tion as tentative the following four 
thods as appended hereto:* 

Tentative Method of Sampling Sleam.— 
This method includes theory of sam- 
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VOLUME MILLILITERS. 
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automatic control, as well as a procedure 
for evaporation of industrial water. 
Tentative Method of Test for Iron in 
Industrial Water.—A colorimetric proce- 
dure is described for the determination 
of iron. 


REVISION OF TENTATIVE 


Tentative Methods of Test for Dissolved 
Oxygen in Industrial Water (D 888 - 
46 T).»—Committee D-19 recommends 
the following revisions in this method: 

Section 1.—In the second sentence, 
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. Fic. 1.—500-ml. Sample Tube for Dissolved Oxygen Determination. 


vling, procedure, and apparatus required 
secure samples for determining steam 


“tamination using the calorimeter or 


chemical and 
ver methods. 


electrical analytical 


Tentative Methods of Test for Acidity 
im Alkalinity in Industrial Water.— 


methods include the application 
let ip procedures as well as other proce- 
M. dures utilizing indicators to establish 
point of titration. 


ind Dissolved Solids in Industrial Water. 


“Gravimetric procedures are described 
. 

‘or conducting evaporation of relatively 
“ue water in a protected system with 


‘These me 
and 
rds, Part 5. 
46 Book of A.S.T.M. Standards, Part III-A. 


Tentative Methods of Test for Suspended 


thods were accepted as tentative by the 
appear in the 1949 Book of A.S.T.M. 


change “four” to “three.” Delete the 
references to Non-Referee Method C. 

Section 5.—Change the introduction 
to this section to read as follows: “The 
following apparatus is required.”” Add 
a new paragraph (e) to read: “(e) 
Graduated Cylinder —A 10-ml. graduated 
cylinder with 1-ml. divisions.” Re- 
letter the subsequent paragraphs ac- 
cordingly 

Add a new note at the end of this sec- 
tion to read as follows: 


Note 2.—The end point may also be detected 
by means of “dead-stop” titration apparatus.* 


@ See the paper by R. C. Ulmer, J. M. Raynar, and J. 
M. Decker, ‘‘Applicability of the Schartz-Guerney Method 
for Determining Dissolved Oxygen in Boiler Feedwater 
and Modification of the Method to Make It Especially 
Applicable in the Presence of Such Impurities as Are En- 
countered in Power Plants,” Proceedings, Am, Soc. Testing 
Mats., Vol. 43, p. 1258 (1943). 
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Fig. 1.—Replace this figure with the enable electrodes and solution to come 
accompanying new Fig. 1. to equilibrium.” 

Seciion 7(a).—Change the first sen- Renumber “Note 4” as “Note 5” and 
tence to read as follows: ‘Arrange the renumber “Note 5” as “Note 7,” and 
two sample tubes in a support so that add anew Note 6 to read as follows: 
they are vertical, with their upper out- 
lets free of hose connections and at a Nore 6.—If the larger tube of a pair of sample 
higher level than the valve for adjust- tubes is used for the sample, the small volume 
ment of sample flow.” In the fifth sen- withdrawn and discarded frequently may be 

v3 . », selected to equalize the volume of sample an 
tence, change “sample flow adjustment blank, thereby improving accuracy of calcula 
to read “adjusting the flow of sample.” tion by the rapid method. 

Section 7 (b).—In the second sentence, 
add a reference to Note 6 after the word Section 8.—In the legend under the 
“tubes.” Delete the third sentence. calculations, change the definition of 
Add a reference to Note 3 at the end of “V,” to read as follows: “V, = volume 
the sixth sentence. In the eighth sen- of sample in milliliters (volume of sample 
tence, add ‘“2.0-ml.” before the word tube minus volume of portion discarded 
“calibration.” In the third sentence immediately before titration (Sectior 
from the end of the paragraph change 7(c)).” ° 
the reference to “Note 3” to “Note 4.” Section 11.—Change the introduction 
Change the next to the last sentence to to read as follows: “The following ap- 
read as follows: “Add to the sample an  paratus is required.” 
amount of H»sSO, solution to fill the Seclions 16 to 21.—Delete these sec- 
nipple to the upper calibration point, tions which cover the present Non- 
rinse both ends of the flask, and again Referee Method B, renumbering the 
mix thoroughly.” subsequent sections accordingly. 

Add the following new note: “NOTE Section 22.—Change the center hea¢- 
3.—An error is introduced in the deter- ing preceding this section to read: “Non- 
mination if precisely the same point on Referee Method B.” 
the meniscus at upper and lower calibra- Section 23.—Change the introduction 
tion marks is not used.” to this section to read: “The following 

Renumber “Note 3” as “Note 4.” apparatus is required.” Change the 
In the last line of this note, change note following Paragraph (a) to read 4 
“MnSO,’ to read follows: 

Section 7 (c).—At the beginning of Note.—The use of a single sample 
this paragraph, add a new sentence to tube (Section 5 (a)) is optional, if the 
read as follows: “Invert the sample tube appropriate procedures of Section 7(0) 
and drain out 4 to 10 ml. of the sample and (d) and Section 13(c) are followed. 
(Note 6) into the 10-ml. graduated Change the reference to “Section 5(/) 
cylinder. Record the volume withdrawn _ to “Section 5(i).” 
and discard it.” 

Add the words “rest of the” before ADOPTION OF TENTATIVES 
“sample” in the present first sentence. AS STANDARD 
Change the reference to “Note 4” to , 
“Note 5.” In the eighth sentence, The committee recommends that 
delete the present reference to Note 5 following six tentatives be approved fa 
and add the following at the end of the reference to letter ballot of the Societ} 
sentence: “(Note 7), allowing a suffi- for adoption as standard, with revisio™ 
cient interval between additions to infourasindicated: 


| 


Tentative Methods of: 


‘ampling Water for Industrial Uses (D 510 - 47 
T),S revised as follows: 

Tille—Change to read: ‘Methods of 
Sampling Industrial Water.” 

Section 12.—Add a new Paragraph (a) to 
read as follows: . 

(a) The rate of flow shall then be regu- 
lated to not more than £00 ml. per min., 
after first flushing the sample line at a rate 
high enough to remove all sediment and 
gas pockets. In special cases where dis- 
solved gases are released from solution by 
the drop in pressure, this should be noted 
on the label. 

Reletter the present Paragraph (a) as 
(b) and delete present Paragraph (b). 

Change Note 2 to read as follows: 

Nore 2.—The following constituents re- 
quire the above precautions: 

Oxygen Hardness and pH 
Total carbon Hydrogen 

dioxide Sulfur dioxide 
Total ammonia Ammonium 
Hydrogen sulfide Iron 
Free chlorine Acidity and alkalinity 

Field Test for Tendency of Boiler Water to Cause 
Embrittlement Cracking of Steel (D 807 - 
48T),7 with a change in title to read: 
“Method of Corrosivity Test of Industrial 
Water; (USBM* Embrittlement Detector 
Method).”’ 

Corrosion Tests in Industrial Waters (NDHA 
Method) (D 935-48 T),? with a change in 
title to read: “Method of Corrosivity ‘Fest of 
Industrial Water (NDHA Method,’ 

Test for Manganese in Industrial Water (D 858 
-48T)? revised by the addition of the fol- 

lowing note to Section 7 (a): 


Nore 1.—If there is evidence of man- 
ganese adhering to the sample container, 
it shall be dissolved with a minimum of 
sulfuric acid and added to the sample. 
Taking the original sample directly in a 
small container and using the entire sample 
for the determination of total manganese 
is advantageous in such cases. 


field Sampling of Water-Formed Deposits (D 
887-48 T),7 and 

Method of Reporting Results of Chemical 
one of Water-Formed Deposits (D 933 - 
iT), 


but ty puPPlement to Book of A.S.T.M. Standards, 


hae jupplement to Book of A.S.T.M. Standards, 


revised methods were accepted by the Society 
‘*tappear in the 1949 Book of A.S.T.M. Standards, Part 5. 
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REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


Standard Method for Determination of 
the Chloride Ion in Industrial Waters 
(D 512-—42)' and Standard Method for 
Determination of the Sulfate Ion in 
Indusirial Waters (D516-42).5—The 
committee recommends that these two 
methods be revised, as appended hereto,® 
and requests the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that these recommendations may 
be referred to letter ballot of the Society 
for immediate adoption. 

Standard Method of Reporting Results 
of Analysis of Industrial Waters (D 596 - 
46).°—The committee recommends the 
following revisions in this standard and 
requests the necessary nine-tenths affirm- 
ative vote at the Annual Meeting in 
order that this recommendation may be 
referred to letter ballot of the Society for 
immediate adoption. 

Section 2.—Add the following as a new 
Paragraph (f), relettering the subsequent 
paragraphs accordingly: “Total solids 
include both suspended and dissolved 
solids.” 

Add the following as a new Paragraph 
(7) to this section: 


(j) Specific Electrical Conductance.—Specific 
electrical conductance of an aqueous solution at 
a specified temperature is the reciprocal of the 
resistance in ohms of a cube of solution 1 cm. on 
edge. The specific conductance shall be ex- 
pressed in micromhos per centimeter at ¢ C. 


directly proportional to the cross-sectional area, 
A, inversely proportional to the length of the 
path, J, and directly proportional to constant, L, 
called the specific conductance. 


| 
| 


The actual resistance, R, of the cell is 


1 
measured in ohms; the conductance, rs 


The latter 
the conductance of a cube 1 cm. on edge. 


Mathematically, 


1 
= —orL= 
R 1 


cm 
sq. cm. X ohms 


= mhos per cm 


The numerical value of this expression multi- 
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plied by 1,000,000 is the specific electrical con- 
ductance in micromhos per centimeter. 


Table I.—Under Chemical Tests, Mis- 
cellaneous, change: “Oily matter ex- 
tractable by suitable solvents” to read: 
“Matter extractable with chloroform.” 


The recommendations in this report 
have been submitted to letter ballot 
of the committee, the results of which 
will be reported at the Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II, Editorial (E. P. 
Partridge, chairman) edited the proposed 
revisions and new proposed methods 
originating in the other subcommittees. 

Section A on the A.S.T.M. Manual 
on Industrial Water continues to make 
progress with the Manual. First drafts 
of most of the chapters have been pre- 
pared and reviewed but a publication 
date cannot be anticipated. 

Subcommittee III on Methods of Sam- 
pling (Orrin M. Elliott, chairman) pre- 
pared the proposed Tentative Method of 
Sampling Steam referred to earlier in 
this report. 

This subcommittee also prepared the 
revisions of Method D 510 and recom- 
mended the adoption as standard of 
Methods D 887 without revision. 

The Tentative Method for Sampling 
Boiler Water from Stationary Boilers 
(D 860 - 48 T)’ has been referred to the 
sponsoring subsection for a complete 
revision of title, technical content, and 
editorial form. 

Work in progress and as yet not re- 
ported to the subcommittee includes 
proposed Methods of Test for Sampling 
Water at Subatmospheric Pressures. 
A preliminary draft includes four pro- 
posed procedures which are being studied 
by the subsection members. 

The subsection on Specifications for 


* The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at A.S.T.M. 
Headquarters. 
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Sampling Equipment reports that j 
studies are continuing on this 4. 
signment. 

Subcommittee IV on Methods of Anal; 
sis (Frank E. Clarke, chairman) prepare 
the proposed Tentative Methods 
Test for Acidity and Alkalinity j 
Industrial Waters, the Tentative Meth. 
ods of Test for Iron in Industrial Water 
and the Tentative Methods of Test for 
Suspended and Dissolved Solids in In. 
dustrial Waters, referred to earlier 
this report. It submitted proposed r 
visions of Standard Methods D 512 a 
D516. This subcommittee also pr 
pared proposed revisions of Tentati 
Methods D 888 which consist of t! 
inclusion of the requirements of a 
improved sample tube instead of t 
present requirements. This revision i 
based on data reported in two papers 
The subcommittee recommended th 
adoption as Standard of Tentati 
Methods D 858 with no revisions. 

Section A on Analytical Methods h 
completed first drafts of proposed met 
ods for alkali metals, for nonreferee pr 
cedure for carbon dioxide to be addedt 
Tentative Methods D 513, for hardne 
and for nitrites. Considerable progres 
has been made in the revision of t 
Tentative Methods of Test for Sili 
in Industrial Waters (D 859-477 
and the Standard Method for Deter 
mination of the Total Orthophosphatt 
and Calculation of the Respective Orth 
phosphate Ions in Industrial Wate 
(D 515 - 43),5 for improvement of the 
referee and colorimetric _procedutt 
The section abandoned attempts 
develop a method for oil in water 
favor of a method for determination 
J. F, Sebald, “An Evaluation of Test Methods for' 
Determination of Dissolved Oxygen in Deaerated l 
Feedwater,’’ Proceedings, Am. Soc. Testing Mats., : 
47, p. 1121 (1947) and J. R. McDermet, “The Determ 
tion of Dissolved Oxygen in Deaerated Boiler Feedwate' 
presented at the Eighth Annual Water Conference 0’ 
Engineer's Society of Western Pennsylvania, Pittsbu’ 


Pa. on November 13,1947. (A limited supply of this p4 
is available at the Engineer’s Society.) 


t 
cn in 
; 


for 


matter extractable with chloroform. 
Consideration is being given to the 
jesirability of developing methods of 
test for color and organic matter in water. 

Section B on Electrometric Methods 
has completed a proposed method for 
determination of electrical conductance. 

Section C on Special Methods has 
made considerable progress in revising a 
recommended practice on X-ray diffrac- 
tion examination for publication as 
tentative. Progress has also been made 
in the development of a method for 
detection of algae. The subsection on 
spectroscopy promises a proposed spec- 
trographic procedure in the near future 
and the first draft of a method for 
polarized microscopy is being studied 
by that subsection. 

Section D on Analysis of Deposits has 
completed the first draft of instructions 
for laboratory preparation of ana!ytical 
samples. ‘This will be incorporated in a 
method for complete chemical analysis 
of deposits. The section has been re- 
organized and reduced to a simple work- 
ing group. It is estimated that a first 
draft of the analytical procedure will be 
teady by June, 1949. 

Subcommittee V on Classification (S. K. 
love, chairman) recommended minor 
tevisions of Standard Method D 596 as 
given earlier in this report. 

During the year the organization of 
the subcommittee was altered, and it now 
consists of two sections: (A) on Classi- 
fication and (B) on Nomenclature and 
Terminology. ‘The latter section has 
‘€ responsibility for securing approval 
if definitions as may be required by all 
other subcommittees. 

This subcommittee was assigned by 
the Advisory Committee to study and 
bepare a proposed specification for 
agent grade water. ‘This specification 
‘intended for application of water 
Wed in chemical analysis, physical 
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testing, and biological examination. A 
preliminary draft has been placed in | 
the hands of the subcommittee members _ 
for study and comment. = 

Subcommittee VI on Methods of Test- — 
ing (V. V. Kendall, chairman) recom- 
mended the adoption as standard of 
Tentative Methods D 807 and D 935. 


tion of reference, that the methods be > 
given coordinated titles, as previously 
given in this report. : 

The subsection on Substitute Ocean | 
Water (formerly called Synthetic Sea 
Water) is awaiting some results of test, __ 


which will be completed this spring, — 
before proceeding further with a speci- __ 
fication. 
The subsection on Service Testing of 
Pipe and Tubing has made an extensive — 
survey of background information before 
proceeding with the development of 
specifications. 
Subcommittee VII on Water-Borne 
Industrial Waste (L. D. Betz, chairman). 
—The major activity during the year 
was devoted to effecting the organiza- 
tion of this subcommittee. The sub- — 
committee membership consists of 59 — 
individuals and organizations. A pre 
liminary meeting held in June, 1948, was 


followed by a special meeting of the — 
subcommittee in October, 1948, at 
Pittsburgh, Pa. Four sections have 
been organized with the scopes of each 
section as indicated below: 

The scope of Subcommittee VII on 
Water-Borne Industrial Waste ‘“com- 
prises the preparation of standard meth- 
ods for sampling of water-borne in- 
dustrial wastes, the preservation and 
analysis of samples, and the methods 
of reporting the results of such analyses.” 

The scope of Subcommittee VII is 
limited to water-borne waste developed 
or produced within an industrial estab- 
lishment. This limits the activities to 
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analysis procedures for intake and out- 
fall water, together with various process 
steps within the plant. 

Section A on The Critical Constit- 
uents of Water-Borne Industrial Waste 
whose scope is the selection of a key 
determination on a specific waste by 
which it may be evaluated. 

The function of Section A is to pre- 
pare a list of the type of wastes produced 
by a given industry, together with 
the most important constituents which 
may be considered as typical of all plants 
in that industry, and hence, may be 
used as evaluation of such wastes as 
objectionable discharges. This section 
is considered a very important one for 
outlining the activities of other sections, 
as well as performing a highly informa- 
tive and educational function for all 
groups or bodies dealing with the control 
of such wastes. 

Section B on Methods of Analysis for 
Industrial Wastes whose scope is the 
preparation of all analytical methods to 
be used in the detection, identification, 
and evaluation of the components of 
water-borne industrial wastes. 

Section C on Methods of Sampling, 
Gaging, and Preservation of Samples 
whose scope is to prepare methods of 
sampling, gaging of flow, and preserva- 
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tion of samples during the period of 
transportation and analysis. 

Section D on Methods of Reporting 
Results of Analysis whose scope is to 
prepare methods of reporting analyses 
dependent upon the type of waste, etc. 

Chairmen and secretaries have been 
appointed for each of these sections, 
and each will be divided into subsections 
for the development of specific projects. 

The committee through its Subcom- 
mittees III and IV _ has developed 
methods for sampling and analysis of 
industrial waters. When feasible, Sub- 
committee VII may sponsor procedures 
that will fit into the published tentative 
and standard methods designed for use 
in the examination of water-borne in- 
dustrial waste and they will be so 
specified. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 98 members; 773 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


Max HEcat, 
Chairman. 


R. E. Hatt, 
Secretary. 
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Committee D-20 on Plastics and its 
subcommittees held three meetings dur- 
ing the year: in Detroit, Mich., on June 
24, 1948; in Atlantic City, N. J., on 
November 16 and 17, 1948; and in Wash- 
ington, D.C., on March 22 and 23, 1949. 
The Advisory Committee also met at 
these meetings. 

The committee records with sorrow 
the death of two members, M. L. Macht, 
former vice-chairman, whose activities 
will long be remembered and R. W. E. 
Moore, who was active on a number of 
subcommittees. 

W. C. Goggin has been appointed 
chairman of Subcommittee V to succeed 
J. H. Teeple; D. E. Northrop was ap- 
pointed chairman of Subcommittee VII 
to succeed P. D. Brossman, and A. C. 
Webber as chairman of the Joint D-9 and 
D-20 Subcommittee on Conditioning, in 
place of M. L. Macht, deceased. 


RECOMMENDATIONS ACCEPTED BY THE 


ADMINISTRATIVE COMMITTEE 


ON STANDARDS 
_ Subsequent to the 1948 Annual Meet- 
ing, Committee D-20 presented to the 
Society through the Administrative 
Committee on Standards the proposed 
Tentative Method of Test for Bond 
Strength of Plastics and Electrical Insu- 
lating Materials. This recommendation 
Was accepted by the Standards Com- 
mittee on July 16, 1948, and the new 
tentative appears in the 1948 Supplement 
to Book of A.S.T.M. Standards, Part 
HIL-B, as well as in the 1948 Compilation 


_ * Presented at the Fift i 
: y-second Annual Meeting of 
Society, June 27-July 1, 1949. 
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of A.S.T.M. Standards on Plastics, under 
the designation D 952 - 48 T. 

On May 9, 1949, the Standards Com- 
mittee accepted the Tentative Method of 
Test for Tear Resistance of Plastic Film 
and Sheeting. The new tentative has been 
assigned the designation D 1004 — 49 T. 
On May 13, 1949, the Standards Com- 
mittee accepted two other recommenda- 
tions: namely, a revision of the Tentative 
Method of Test for Tensile Properties of 
Thin Plastic Sheets and Film (D 882 - 
46 T), and the addition to the Tentative 
Definitions of Terms Relating to Plastics 
(D 883-46T), of definitions of the 
terms thermoplastic, thermoset, and 
thermosetting. These new and revised 
tentatives are appended to this report.! 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee is presenting for publi- 
cation seven new tentatives and is recom- 
mending the revision of ten tentatives, 
adoption as standard of thirteen tenta- 
tives with revisions in two of them, revi- 
sion of one standard for immediate 
adoption, and the reaffirmation of two 
standards. The standard and tentatives 
affected, together with the revisions 
recommended, are listed in detail in the 
Appendix. 

The committee has considered all of 
the other tentatives not mentioned in 
the Appendix which are under its juris- 
diction and which have been issued for 
two years or longer and recommends 
that they be continued in their present 


11949 Book of A.S.T.M. Standards, Part 6. 
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status as further revisions in them are 
contemplated. 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES | 


All of the subcommittees have been 
very active during the year. The Sub- 
committees on Specifications and on Ana- 
lytical Procedures have expanded their 
work. The Subcommittee on Research is 
still attracting large attendances at its 
meetings. 

Subcommittee I on Strength Properlies 
(M. E. Marks, chairman).—The Section 
on Tensile and Compressive Strength has 
been very active during the year. This 
has resulted in the changes as given in 
the Appendix of the tension test (D 638) 
and the compression test (D 695) and a 
more extensive revision of the Test for 
Tensile Properties of Thin Plastic Sheets 
and Films (D 882). The Section on Tear 
Resistance completed the new Tentative 
Method of Test for Tear Resistance of 
Plastic Film and Sheeting (D 1094). Both 
the tension test and the tear test for 
sheets and film were prepared in coopera- 
tion with the Society of the Plastics 
Industry. 

The falling-ball impact test has been 
revised and will soon be prepared for 
publication. The Fatigue Section has 
been cooperating with Committee E-9 on 
Fatigue. A new Section on Creep Prop- 
erties has been established. A new Section 
on Bursting Strength has been formed to 
set up a method for the determination of 
bursting strength of laminated tubes. 
The Section on Shear Strength is still 
working on the evaluation of a double 
shear method. A Section on Determina- 
tion of Dynamic Modulus and Damping 
Characteristics will be set up during the 


2 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at A.S.T.M. 
Headquarters. 
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coming year. A large group attended the 
special meeting of the subcommittee held 
at the Massachusetts Institute of Tech- 
nology during the last year. 
Subcommittee II on Hardness (R. B, 
Rice, chairman).—The Method of Test 
for Resistance of Transparent Plastics to 


Surface Abrasion, appended to this re- 


port,’ was prepared by the section on 
Abrasion Resistance (Optical Effects), 
This section is still conducting tests and 
studies on other abrasion methods. The 
Section on Abrasion Resistance (Me- 
chanical Effects) is starting a round- 
robin test to formulate a method. It is 
expected that data on abrasive effects 
on plastics by water-borne sand will be 
available, in order that a method may be 
written. 

Work on scratch resistance is still 
continuing and the Section on Rockwell 
Hardness Testing was reinstated for 
further study of the test method now in 
use. 

Subcommillee III on Thermal Proper- 
lies (E. B. Cooper, chairman) has been 
quite active. The flammability test for 
thin plastic film is being developed in 
cooperation with a committee of the 
Society of the Plastics Industry. 

The new section formed last year on 
Postformability has made progress to- 
wards developing a test method. 

A consilerable amount of work is 
contiiuing on the improvement of both 
the Tentative Method of Test for Co- 
efficient of Cubical Thermal Expansion 
of Plastics (D 864 - 45 T) and the Tenta- 
tive Method of Test for Heat Distortion 
Temperature of Plastics (D 648 - 451) 

During the year a new section has 
been set up to revise the Tentative 
Method of Test for Brittle Temperature 
of Plastics and Elastomers (D 746- 
44 T). 

Subcommittee IV on Optical Properties 


These methods, recommended practices and defini 
tions were accepted as tentative by the Society and appe" 
in the 1949 Book of A.S.T.M. Standards, Part 6. 
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G. W. Ingle, chairman) completed the 
sew Tentative Method of Test for Haze 
snd Luminous Transmittance of Trans- 
parent Plastics, appended to this re- 
sort? The Section on Gloss and Gonio- 
shotometry is revising the method of 
st for diffusion of light by plastics. 
Another Section is studying luminous 
reflectance and the transmittance charac- 
teristics and color of plastics with round- 
robin work still continuing. 

Subcommittee V on Permanence Proper- 
ties (W. C. Goggin, chairman) has been 
quite busy this year. A study will be 
made on methods for mounting films and 
samples for exposure to light. The 
method of test for weight loss of plastics 
mn heating is under further study. The 
Section on Effect of Water plans to work 
with Committee D-6 on Paper and Paper 
Products on a method for measuring 
moisture vapor transmission. Further 
work will be carried on by the Section 
on Accelerated Service Tests. A method 
to measure warpage of plastic sheet in- 
tended for glazing and also a test for gas 
permeability of plastic will be given con- 
sideration during the year. 

Subcommittee VI on Specifications (F. 
W. Reinhart, chairman) prepared the 
revisions for the Standard Specifications 
lor Urea-Formaldehyde Molding Com- 
pounds (D 705), the Tentative Specifica- 
tions for Phenolic Molding Compounds 
D 700), for Polystyrene Molding Com- 
pounds (D 703), and for Laminated 
thermosetting Materials (D 709) as given 
in the Appendix. 

Revisions of a large number of other 
‘pecifications for molding materials are 
teing prepared and will be ready in the 
near future for letter ballot. 

Specifications for cellulose propionate 
plastics are now being considered by a 
lew section. 

_ Work on polyethylene, several plas- 
cizers, and alkyd molding materials, the 
atter by a recently formed section, is 
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progressing favorably and specifications 
are being prepared. A new section to 
write specifications for base resin mate- 
rials was organized. 

Subcommiltee VII on Analytical 
Methods (D. E. Northrop, chairman) 
completed the new Tentative Method of 
Test for Sampling and Testing Plasti- 
cizers Used in Plastics, appended hereto.’ 
There are a number of new methods 
under consideration, namely, the testing 
of cellulose ester plastics for plasticizers 
as well as tests for pigment and residual 
solvents. 

Subcommittee VIII on Research (J. D. 
Ryan, chairman) is continuing its work 
on the fundamental aspects of impact 
and flow properties as well as on the 
degradation of plastics. The subcommit- 
tee has also been continuing its function 
of assisting educational institutions in 
an advisory capacity on research prob- 
lems suitable for investigation by gradu- 
ate students. 

At the November, 1948, meeting of 
this subcommittee, the following papers 
were presented: 


“Tgnition Temperatures of Plastic Materials,” 
by J. J. Lamb, Nat. Bureau of Standards, 

“Method for Weight Loss of Plastic Films 
and Sheets on Heating,’”* by M. E. Marks, 
Pittsburgh Plate Glass Co., 

“The Significance of the Charpy and Flexure 
Tests in Evaluating the Impact Resistance of 
Plastics,”"* by H. M. Quackenbos, Jr., J. M. 
Hill, Jr., and C. E. Staff, Bakelite Corp., and 

“Some Notes on the Effect of Testing Ma- 
chines on the Tensile Properties of Plastic 
Films,’’® by L. Boor, U. S. Department of the 
Army, Quartermaster Corps. 


After presentation of the above papers 
a color sound film was presented through 
the courtesy of the Society of the Plastics 
Industry showing the operation of the 
special universal testing machine at the 
Massachusetts Institute of Technology. 

The subcommittee also arranged for 

4 ASTM Buttetrn, No. 159, July, 1949, p. 53; p. 56. 

5 ASTM Buttetin, No. 162, December, 1949, p. 47. 
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the following papers which were pre- 
sented at its March, 1949, meeting: 


“Complex Stresses in Polyethylene,” by I. L. 
‘Hopkins, 

“Dynamic Rheology of Polymers,” 
O. Baker, and 
“Wear Resistance of Plastic Materials,’® by 
F. Schiefer. 


by W. 


H 


Subcommittee 1X on Molds and Mold- 
ing (L. A. Sontag, chairman) is continu- 
ing work on molding procedures for 

thermosetting molding compounds as 
well as thermoplastic molding materials. 
_ The new Tentative Recommended Prac- 


— tice for Transfer Molding of Specimens 


of Phenolic Materials, appended hereto, 
completed this year. 

Revisions in the Tentative Specifica- 
tions for Molds for Test Specimens 
(D 647) cover the addition of a new in- 


jection mold and a new transfer mold. 

a The Section on Transfer Dies for Test 

Specimens is working on a bar mold as 

_ well as a 4-in. disk mold. A recommended 

practice for making test specimens by 
an injection mold is being prepared. 

A study will be undertaken to combine 
the Tentative Recommended Practice 
for Molding Specimens of Phenolic 
Materials (D 796 — 48 T) and the Tenta- 
_ tive Recommended Practice for Molding 
Specimens of Phenolic Materials for 
Use in Electrical Tests (D 949 — 47 T) 
when adopted as standard this year. 

Subcommitlee X on Definitions, Nomen- 
—clature, and Significance of Test (G. W. 
Clark, chairman) is continuing work on 
definitions of additional terms besides 
those which are being recommended for 
inclusion in the Tentative Definitions of 
Terms Relating to Plastics (D 883- 
46 T), as appended hereto.* 

Further consideration is being given 
to the publication as a tentative recom- 


¢ The information presented has been included in the 
more complete paper “Improved Single-Unit Schiefer 
Abrasion Testing Machine,” by H. F. Schiefer, Lawrence 


E. Crean, and John F. Krasny, AST M BuLietin, No. 159, 
July, 1949, p. 73. 


— 


mended practice comprising a code for 
designating form of specimen and direc. 
tion of testing plastics.’ 

The subcommittee plans a revision of 
the Descriptive Nomenclature of Objects 
Made from Plastics (D 675-45) with 
the addition of pictures illustrating the 
visible characteristics of a plastic object. 

All definitions prepared by Commit. 
tee D-20 and now appearing in several 
methods of test will be studied with the 
view of combining them for publication 
as a part of Definitions D 883. 

Joint Subcommittee, of Committees D-9 
and D-20, on Conditioning (A. C. Webber, 
chairman).—During the past year this 
subcommittee has been reorganized and 
now includes in its membership the 
chairmen of all subcommittees of Com- 
mittees D-9 and D-20. Activities have 
centered on the revision of thestandard 
laboratory test temperature in Tenta- 
tive Methods (D 618), also on further 
changes now under consideration. 

The Tentative Method for Maintaining 
Constant Humidity by Means of Aque- 
ous Solutions, as appended hereto,’ was 
prepared by this subcommittee. 

The subcommittee contemplates the 
study of the problem relating to humidity 
measuring apparatus, standardization of 
subnormal and supernormal test condi- 
tions as well as standard conditioning 
time. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 157 members; 93 members te- 
turned their ballots, of whom 86 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf 


the committee, 
G. M. Kine, 


Chairman. 
7 See Editorial Note, p. 487. a : 


B. L. Lewis, 
Secretary. 
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EpItoRIAL NOTE 


Subsequent to the Annual Meeting, Committee D-20 presented to the So- 
ciety through the Administrative Committee on Standards the recommenda- 
tion that the Recommended Practice for Describing Form of Specimen and 
Direction of Testing Plastics be accepted for publication as tentative. This 
recommendation was accepted by the Standards Committee on September 
14, 1949, and the new tentative recommended practice appears in the 1949 
Book of A.S.T.M. Standards, Part 6, bearing the designation D 1009-49 T, 

Revisions of the Tentative Specifications for Nonrigid Vinyl Chloride Plas- 
tics (D 744-44 T) were accepted by the Standards Committee on January 
17,1950. The revised tentative specifications appear in the 1949 Book of 
A.S.T.M. Standards, Part 6. 
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In this Appendix are given a list of 
seven new tentatives, proposed revisions 
in one standard and 10 tentatives cov- 
ering plastics, which are recommended 
as referred to earlier in this report. In 
addition it includes 13 tentative; recom- 
mended for adoption as standard, and 
proposals to reaffirm two standards. The 
one standard and the tentatives to be 
revised appear in their present form in 
the 1946 Book of A.S.T.M. Standards, 
Part III-B or its 1947 and 1948 Supple- 
ments to Part III-B, as indicated by 
the final number in the A.S.T.M. desig- 


nation. 
NEw TENTATIVES 


The committee recommends the fol- 
lowing seven new tentatives for publica- 
tion as tentative, as appended hereto.! 


Tentative Method of Test for Haze 
and Luminous Transmittance of 
Transparent Plastics: 

This method is suitable for evaluating 
haze and for measuring light transmis- 
sion through transparent plastics by 
new and improved equipment. 


Tentative Method for Measuring 
Changes in Linear Dimensions of 
Plastics: 


A suitable test method for measuring 
such changes using a minimum of equip- 
ment has been required for a considerable 
length of time and therefore this new 


1These methods and recommended practices were 
accepted as tentative by the Society and appear in the 
1949 Book of A.S.T.M. Standards, Part 6. 
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tentative is being recommended {fo 
publication. 


Tentative Method of Test for Stiffness 
Properties of Nonrigid Plastics as 
a Function of Temperature by Means 
of a Torsional Test: 


This torsion stiffness method is being 
recommended for publication as tent 
tive because of its simplicity and ease; 
operation where testing at low temper: 
ture is particularly desired on nonrigid 
plastics. 


Tentative Method of Test for Resistance 


of Transparent Plastics to Surface 


Abrasion: 


This abrasion method is being recom 
mended for use on plastics used for of 
tical surfaces. It is recommended for 
publication as tentative for the follov- 
ing reasons: (1) There is practicall 
unanimous agreement that a test of this 
type is necessary or desirable, (2) this 
test, in essence, is being written into 4 
code for automotive glazing material 
by the American Standards Associatio 
and it is felt that it would be highly de 
sirable for A.S.T.M. to have a similar 
method, and (3) no other suitable tes! 
for this particular property has bee 
developed to a useful point. The com 
mittee realizes, in view of the comple 
nature of abrasion, that further stud 
is necessary and it believes that suc 
continued effort will lead to the desire 
improved reproducibility of test results 
or to the development of a better te! 


m 
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Tentative Methods of Sampling and 
Testing Plasticizers Used in Plastics: 


These methods are being recommended 
for testing plasticizers since uniform 
test procedures are necessary. These 
methods are particularly adapted for use 
in sampling and testing such materials 
from tank cars or large vessels and other 
containers. 


Tentative Recommended Practice for 
Transfer Molding of Specimens of 
Phenolic Materials: 


There are, at present, methods for 
molding specimens by other means and 
it was felt that the transfer mold, which 
is quite popular, should be included. 


Tentative Recommended Practice for 
Maintaining Constant Humidity by 
Means of Aqueous Solutions: 


It sometimes becomes necessary to 
obtain relative humidities over a large 
range of percentages in closed containers 
and therefore Committee D-20 joins 
with Committee D-9 on Electrical In- 
sulating Materials in submitting this 
recommended practice for publication 
as tentative. 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
in the following ten tentatives: 


Tentative Methods of Conditioning Plas- 
tics and Electrical Insulating Materials 
for Testing (D 618 - 47 T): 


Committee D-20 joins with Com- 
inittee D-9 in recommending that these 
methods be revised by changing the 
standard laboratory temperature in Sec- 
tion 2 (a) from “25 + 1 C. + + 1.8 

FY” to “23 + 1.4 C. (73.4 + 2. F.),” 
and in Section 2 (c) in the eB listing 
the lest temperatures, changing “25 C. 
‘7 F)” to “23 C. (73.4 F.).” This 
change is nema in order to 
bring these methods into agreement with 

requirements for a standard labora- 
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tory atmosphere as covered in the 
Tentative Definitions with Procedures 
Relating to Conditioning and Weather- 
ing (E 41-48 T). 


Tentative Method of Test for Tensile 
Properties of Plastics (D 638 —- 46 T): 


The committee recommends the addi- 
tion of the following statement on signi- 
ficance of test and a revision of the test 
procedures for rods and tubes: 

New Section.—Add the following as a 
new Section 3 on Significance, renumber- 
ing the subsequent sections accordingly: 


3. Significance.—Tension tests, properly in- 
terpreted, provide reasonably accurate informa- 
tion with regard to the tensile properties of 
plastics when employed under conditions ap- 
proximating those under which the tests are 
made. 

Tensile properties include modulus of elas- 
ticity, yield stress, elongation beyond yield 
point, tensile strength, elongation at break, and 
energy absorption. Materials possessing a low 
order of ductility may not exhibit a yield point. 
Stress-strain data at several levels of tempera- 
ture, humidity, time, or other variables usually 
furnish reasonably accurate indications of the 
materials behavior. 

Tension tests may provide data for research 
and development, engineering design, quality 
control, acceptance or rejection under specifica- 
tions, and for special purposes. The tests cannot 
be considered significant for applications dif- 
fering widely from the load-time scale of the 
standard test. Such applications require suitable 
tests such as impact, creep, and fatigue. 


Section 4 (b) and (c).—Change to read > 
as follows: 


(b) The test specimen for rigid tubes shall be 
as shown in Fig. 2. The length, L, shall be as 
shown in the table under Fig. 2. A groove shall 
be machined around the outside of the specimen 
at the center of its length to a depth of 40 per 
cent of the nominal wall thickness. This groove 
shall consist of a straight section 2} in. in length 
with a radius of 3 in. at each end joining it to the 
outside diameter. Steel or brass plugs having 
diameters such that they will fit snugly inside 
the tube and having a length equal to the full 
jaw length plus 1 in. shall be placed in the ends 
of the specimen to prevent crushing. They can 
be located in the tube conveniently by separating 
and supporting them on a threaded metal rod. 
Details of plugs and test assembly are shown in 
Fig. 2. 
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Metal Plugs 


3” Rad. — 


Undercut - Undercut- 
-40 per cent of 20 per cent of 
Wall Thickness Outside Diameter 


i 


DIMENSIONS OF TUBE SPECIMENS : = ! 


| ‘Total Standard DIMENSIONS OF ROD SPECIMENS 
Length of | Calculated Length, L, of ae 
Nominal Wall Radial | Minimum | Specimen to Total | Standard 
Thickness, in. Sections | Length of | be Used for Calculated ‘Length, L,¢ 
2RS, in. | Specimen, | 314 in. jaws,* Masiinal Minimum | Specimes to 
- mad Diameter, in. | Sections 2 | Length of | be Used for 
— RS, in. Specimen, |3} in. Jaws’ 
in. in. 
.547 
.670 
.7173 
946 | 
333 | 
536 | 
714 
.873 | 
| 


= 


| 


14.02 


-019 
2.154 


“For other jaws greater than 3% in., the standard 
length shall be increased by twice the length of the jaws 
minus 7 in. The standard length permits a slippage of 
approximately 14 to 14 in. in each jaw while maintaining 
maximum length of jaw grip. 


| 
| 
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For ocher jaws greater than 33 in., the stasdué 
length shall be increased by twice the length of the 
Fic. 2.—Diagram Showing Location of Tube 


1G minus 7 in. The standard length permits a slippage 
Fension Test Specimen in Testing Machine. approximately 14 to ¥ in. in each jaw while maintaiat 


OO 


maximum length of jaw grip. 


Fic. 3.—Diagram Showing Location of Roe 
Tension Test Specimen in Testing Machine. 
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(¢) The test specimen for rigid rods shall be 
ss shown in Fig. 3. The length, L, shall be as 
shown in the table under Fig. 3. A groove shall 
machined around the specimen at the center of 
slength to a depth of 20 per cent of the original 
ominal diameter. This groove shall consist of a 
straight section 2} in. in length with a radius of 3 
in.at each end joining it to the outside diameter. 


Tentative Specifications for Molds for 
Test Specimens of Molding Materials 
Used for Electrical Insulation (D 647 - 
45 T): 


A transfer type mold as well as a new 
injection type mold are being added. 
At the same time, the title and scope 
are being revised to meet present re- 
quirements. 

Title—Change to read as follows: 
“Tentative Specifications for Molds for 
Test Specimens for Plastic Molding 
Materials.” 

Section 1.—Change to read as follows: 


1. These specifications cover the design of 
standard molds to be used to mold test specimens 
from plastic molding materials. The press and 
mold cycle used in molding test specimens should 
be agreed upon by the purchaser and the seller 
of the materials. 


New Sections.—Add the following as 
new Sections 5 and 6: 


5. Mold for Injection Molding of Test S peci- 
mens: (a) Tension Specimens, 4 by § by 5 in., 
} by} by 5 in., and } by 2 in. in diameter.—The 
mold for these specimens shall be of the design 
and dimensions shown in Fig. 4 and also con- 
form to the requirements prescribed in the 
following Paragraphs (b) to (e): 

(b) Gate Sizes.—The gate sizes shall be: 

(1) § in. in width by maximum depth of 
cavity, 

(2) t in. in width by maximum depth of 
cavity, and 

(3) in. in width by maximum depth of 
cavity, 

(6) Tension Specimen, 3 by 2 by } in. Reduced 

ton.—The cavity for the tension specimens 
‘omake specimens for the Tentative Method of 
Tet for Tensile Properties of Plastics (A.S.T.M. 
Designation: D 638) shall have dimensions as 


Stown in that test for type I specimen, except 
lor the following: 


Thickness, in 0.125 +0.003 


Width, M.. 


(d) Bar Specimens.—The cavities for the bar 


specimens shall have dimensions as follows: 


5 
Thickness, in........ 0.125 +0.003 
—0.000 
0.500 +0.005 
—0.000 

5 
Thickness, in........ 0.250 +0.003 
—0.000 
0.500 +0.005 
—0.000 


(e) 2-in. Disk Specimen.—The cavity of the 
2-in. disk shall have the following dimensions: 


Diameter, in........ 2 
Thickness, in........ 0.125 +0.003 
—0.000 


6. Mold for Transfer Molding Test Specimens 
+ by 4 by 5 in., and by by 5 in.—The transfer 
mold for molding specimens 3 by 3 by 5 in. and 
1 by 3 by 5 in. shall be of the design and dimen- 


sions shown in Fig. 5. 


Footnote 3.—Add references to Figs. 


4 and 5. 


Tentative Method of Test for Repeated 
Flexural Stress (Fatigue) of Plastics 


(D 671-42 T): 


New Section.—Add the following as a 
new Section 3 on significance of test, 
renumbering the subsequent sections ac- 


cordingly: 


3. Significance of Test.—The flexural fatigue 
test is expected to provide information on the 
ability of rigid plastics to resist the develop- 
ment of cracks or general mechanical deteriora- 
tion as a result of a relatively large number of 
cycles of nearly constant amplitude-of-strain. 
It does not measure certain other mechanical 
properties such as stiffness and damping which 
indirectly affect the ability of a material or 
structure to withstand conditions tending to — 


promote vibration. 


The method is primarily a research tool which © 
may be used for determining the effect of varia- 
tions in material, stress conditions, or environ- 
mental conditions, etc., on the ability of a 
material to resist deterioration resulting from 
repeated stress. The method may also be used 
to provide data for use in selecting materials 
for service under repeated stress conditions. 

The results are suitable for direct application 
in design only when all design factors, such as" 
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loading, size, and shape of part, frequency of 
_ stressing and environmental conditions, closely 
_ parallel the test conditions. The test is generally 
unsuitable for an inspection test or quality con- 
trol test, owing to the amount of time and effort 
required to cellect the data. 

The results obtained from tests made on 
other fatigue testing machines, other sizes and 
shapes of specimens, other testing speeds, etc., 
will usually not agree with the results obtained 
from this test method. The method yields re- 
sults which may be reproduced within the limits 
of variability of the material being tested if 
care is taken to follow exactly the test procedure 
outlined and to eliminate all extraneous vari- 
ables. 


_ Tentative Method of Test for Compres- 
sive Strength of Plastics (D695- 
44 T): 


New Section.—Add the following as a 
new Section 3 on significance of test, re- 
numbering the subsequent sections ac- 
cordingly: 


3. Significance.—Compression tests, prop- 
erly interpreted, provide reasonably accurate 
information with regard to the compressive 
properties of plastics when employed under 
conditions approximating those under which the 
tests are made. 

Compressive properties include modulus of 
elasticity, yield stress, deformation beyond yield 
point, compressive strength, (unless the mate- 
rial merely flattens but does not fracture), and 
energy-absorption (toughness). Materials pos- 
sessing a low order of ductility may not exhibit 
a yield point. Stress-strain data at several levels 
of temperature, humidity, time, or other vari- 
ables usually furnish reasonably accurate indi- 
cations of the behavior of the material. 

Compression tests may provide data for re- 
search and development, engineering design, 
quality control, acceptance or rejection under 
specifications, and for special purposes. The 
tests cannot be considered significant for appli- 
cations differing widely from the load-time 
scale of the standard test. Such applications 
require suitable tests such as impact, creep, 
and fatigue. 


Tentative Specifications for Phenolic 
Molding Compounds (D 700-45 T): 


Committee D-20 concurs with Com- 
mittee D-9 in recommending that these 
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specifications be revised as appended 
hereto.? These specifications are being 
revised by the addition of two new types, 
12 and 13, and the deletion of the ob. 
solete type 1. 


Tentative Specifications for Polystyrene 
Molding Compounds (D 703-481): 


The following revision consists of 
changes in requirements for the designa- 
tion of three types of materials. The pro- 
posed new type 1 material is essentially 
the same as the present type 2. 

Section 2.—Change to read as follows: 


2. These specifications cover the following 
three types of polystyrene molding compounds 

Type 1.—A general purpose compound con- 
sisting of an unmodified form of polystyrene 
with or without the addition of pigments an 
colors, as may be required, and may contait 
small amounts of lubricants. 

Type 2.—A lubricated general-purpose com 
pound consisting of polystyrene with or without 
pigments and colors, as may be required. 

Type 3.—A polystyrene molding materia 
characterized by improved heat-distortion tem 
perature, with or without pigments and colors 
as may be required. 


Section 4. Revise to read as follows 


4. (a) Molding Compounds.—The compounds 
covered by these specifications shall conform t 
the following requirements: 

Type 1 Type 2 Types 
Methanol-soluble con- 

tent,,max., percent.. 3.5 5.0 3.5 
Viscosity of 10 per cent 

solution in toluene, 

min., centipoises 20 


* Changed or added requirements. 


(b) Molded Test Specimens.—Test specimens 
molded by injection under conditions specie 
by the manufacturer for these three type ° 
compounds shall conform to the requirement: 
as to physical and electrical properties prescn™™ 
in Table I. 


2 These revised specifications and definitions 
accepted by the Society and appear in the 194 


A.S.T.M. Standards, Part 6. 
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Table I.—Revise to read as follows: Table III.—Add the following require- 


ments for type IV: 

TABLE I.—DETAIL REQUIREMENTS FOR 
INJECTION MOLDED TEST 7 
SPECIMENS. Type IV 


Type 1 - Grade | Grade 
(For- G G3 GS 
Tensile strength, min., psi. ... 17 000 | 20000 


strength, pei... 17 000 | 25 000 

neei ity, 25/25 C. ompressive strength, min., 

psi. (flatwise) 38.000 | 50 000 

(71/77 F.)\ min Impact strength (Izod), ft-lb. 
per in. of width: 


6.0 12.0 


5.0 5.5 

Power factor at 
cycle, max 0.035 0.020 
Dielectric constant at 1,000,000 
cycles, max. 6.0 
Heat-distortion temperature at Loss factor at 1,000,000 cycles, 
264 psi. fiber stress, min: : 0.21 0.15 
5S by by %-in. specimen 


Norte.—All values are based on tests at room temper- 
ature of approximately 25 C. (77 F.). The above require- 
ments are for sheets in thicknesses of }% to 1 in., inclusive. 
Deformation under load, max., The minimuin requirements for mechanical properties for 

per cent. . sheets from 1 to 2 in., inclusive, shall be 10 per cent lower 
Dene footer a/60 than those given in this table. 


Table IV.—Add the following require- 
ments for type IV: 


acum 
mama 


Sby % by %-in. specimen... 


{60 cycles 


Dielectric 


Strength Perpen- 
; dicular to Lami- 
nations min., 
Type IV Thickness, in. v. per mil 


RN NN RN 


°Of uncolored, unpigmented, unfilled specimen. 
*Changed or added requirements. Test "Test. 


Tentative Specifications for Laminated ©"*4** 


to'%, incl... 200 120 
Thermosetting Materials (D 709-48 {| 180 | 


T): to %, incl 350 210 
Overly to %, incl...| 275 170 


Committee D-20 concurs with Com- ind. 27s | 170 
mittee D-9 in recommending the follow- wliicaitaintsodsonesiid 


ng revisions to include glass-base ma- F Table V.—Add the following require- 
terials: ments for type IV: 


Table I.—Add the following for a new Water Absorption After 24-hr. 
. Immersion, max., per cent 


type IV: 
Type IV. 


Grades G1, G2, G3, and GS. 
Sheets, add reference letter a. 


a 4.—Add the following to the : 

€ in Note 9: . Tentative Method of Test for Flexural 
Type IV Properties of Plastics (D 790-45 T): 


Grades G1, G2, G3, and GS. Committee D-20 concurs with Com- 
Color, natural. mittee D-9 in recommending the follow- 
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ing revisions which provide for the test- 
ing of thinner specimens than in the 
present method: 


Section 3 (a).—Change the fourth 
sentence to read as follows: ‘“The width 
of the specimen shall be in accordance 
with Table I.” 

Note 1.—Delete this note, renumber- 
ing subsequent notes accordingly and 
add a new Note 4 as follows: 


Note 4,—The rate of crosshead motion in 
inches per minute for flatwise tests of #,-in. 
sheet materials may be chosen as 0.025 in. per 
min. to shorten the time of test. 


Table I.—Change to read as follows: 


TABLE I.—SUGGESTED DIMENSIONS FOR TEST 


SPECIMENS. 
Flatwise Edgewise 
| Width 
Nominal Span, of Spec- 
Thickness of} min., | Depth | Width | Depth | imen 
Sheet, in. in. Spec- of Spec-\of Spec-) (Nom- 
imen, | imen, | imen, | _ inal 
in. in. in. Thick- 
ness), 
1 % | 1 vA 
1% % 1 % 
6 % % 
8 % % 
12 % % % 
16 1 1 
Rabat 24 1% | 1% 1% 1% 
Dicacsnceaua 32 | 2 2 2 


Section 6 (b).—Insert a reference to 
Note 4 at the end of this paragraph. 
Add a note to this section as follows: 


Note.—The breaking loads of certain sheet 
materials in #;-in. thickness may be lower than 
60 lb. Some testing machines have poor ac- 
curacy at such loads, and it may be advisable 
to obtain a greater degree of accuracy by mag- 
nifying the load about 10-fold by a lever system. 
Details of such a lever system are given in the 
University of Delaware Report UD-P-12 of 
October 6, 1948, entitled “Flexure Testing of 
Thin Laminated Plastics.” 


Insert a reference to this note at the 
end of Section 2 (a). 


Tentative Definitions of Terms Relating 
to Plastics (D 883 - 46 T): 


The committee recommends the re. 
vision of these definitions by the addition 
of a number of new terms, as appended 
hereto.” 


ADOPTION OF TENTATIVES AS STANDARD 


The committee recommends that the 
following 13 tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard, with revision 
in two as indicated: 


Tentative Specifications for: 

Cellulose Nitrate (Pyroxylin) Plastic Sheets 
Rods, and Tubes (D 701 - 46 T), 

Enclosures for Small Testing Machines for 
Tests at Subnormal and Supernormal Ten 
peratures of Electrical Insulating Materia 
and Plastics (D700-44T), jointly wi 
Committee D-9, 

Servicing Units for Tests at Subnormal and 
Supernormal Temperatures of Electrica 
Insulating Materials and Plastics (D 
44 T), jointly with Committee D-9, 

Celluluse Acetate Plastic Sheets (D 786-46T 


Tentative Methods of Test for: 

Colorfastness of Plastics to Light (D 620-45T 

Flammability of Plastics, Self-Extinguishin 
Type (D757 - 44 T), 

Short-Time Stability at Elevated Temperatur 
of Plastics Containing Chlorine (D793 
44T), 

Acetyl and Butyryl Content of Cellulose Ace 
tate Butyrate (D 817-44 T), 

Ammonia in Phenol-Formaldehyde Molde 
Materials (D 834 - 45 T), revised by the add 
tion of the following new Section 2 on % 
nificance of test, renumbering the subseques! 
sections accordingly: 

2. Significance.—The method is intended 
give semiquantitative information regarcing 
the free ammonia content of phenolic molde 
parts, as an index of the likelihood that foor 
stuffs and similar items in the proximity of th 
molded material might become contaminate 
with ammonia, or that metal parts might b 
come corroded. It is not intended as an absolut 
measure of the free ammonia present. 


Tentative Recommended Practices for: 
Determining Permanent Effect of Heat on Plas 
tics 794-44 T), 
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iccelerated Weathering of Plastics Using S-1 
Bulb and Fog Chamber (D795-44T), 
\olding Specimens of Phenolic Materials for 
Use in Electrical Tests (D 949-47 T), and 
Molding Specimens of Phenolic Materials (D 
796-48 T), with the following revisions: 
Section 1.—Under each of the three headings 
or molding test specimens of phenolic materials, 
dd “water absorption” to the kinds of test spec- 


mens. 

Section 2(a).—Add the following as a new 
tem (3): 

(3) For molding water-absorption specimens 
of general purpose, mica-filled and shock- 
resistant phenolic molding materials, the 2-in. 
positive mold shown in Fig. 2 of the Tentative 
Specifications for Molds for Test Specimens of 
Plastic Molding Materials (A.S.T.M. Desig- 
nation: D 647) shall be used. 

New Table-—Add the accompanying new 
Table II: 


TABLE I1—MOLDING CONDITIONS FOR 
WATER ABSORPTION SPECIMENS OF 
PHENOLIC MATERIALS. 


WATER ABSORPTION SPECIMENS 


Molding | 
Conditions General 


Purpose 
Phenolic 
Materials | 


Shock 
Resistant 
Phenolic 
Materials 


| Mica-Filled 
Phenolic 
Materials 


Molding 
pressure, 
Moldi 


| 
| 
| 
| 


| 
| 2500 + 500 2500 + 500 
| 


100+3C. | 15043C. 

(320045 (3300+ 5F.) 
powder powder 

eee 5 min. 5 min. 


150+3C. 
(300 + 5 F.) 
powder 
5 min. 


193 - mold... yes yes yes 


Note.—For the bulkier shock resistant materials it 
may be necessary to use preforms. 


RECOMMENDATIONS AFFECTING STANDARDS ON PLASTICS 497 > 


REVISION OF STANDARD, IMMEDIATE _ 
ADOPTION 


Standard Specifications for Urea-For- 
maldehyde Molding Compounds — 
(D 705 — 46): 


The committee recommends the fol- _ 
lowing revisions in these specifications — 
for immediate adoption and accordingly 
asks for a nine-tenths affirmative vote 
at the Annual Meeting in order that this" 
recommendation may be referred to 
letter ballot of the Society. 

Section 2.—Delete grade 3 and 
references to it wherever they occur. _ 

Table I.—Delete grade 3 and change 
the water absorption (24-hr. immersion) 
maximum weight gain for grades 1 and 
2 from ‘‘2.0” to “3.0” per cent. Add an 
arc resistance of “100 sec. minimum” 
for grade 1. 


REAFFIRMATION OF STANDARDS 


The committee recommends reaffirma- 
tion of the following two standards 
which have been published for six years 
without revision and which are to be 


continued as standards. ee 


Standard Methods of Test for: 


Flammability of Plastics 0.050 in. and Under © 


in Thickness (D 568-43), and 
Surface Irregularities of Flat Transparent 
Plastic Sheet (D 637-43). 
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Committee E-1 on Methods of Testing 
held two meetings during the year at 
_A.S.T.M. Headquarters in Philadelphia, 
as follows. on November 3, 1948, and 
April 28, 1949. 
The Board of Directors of the Society 
_has appointed Messrs. P. G. McVetty, 
Sam Tour, and F. D. Tuemmler each for 
a term of three years as members of Com- 
mittee E-1. 
At the November meeting the commit- 
tee completed revised Regulations Gov- 
erning Committee E-1 which were 
_ subsequently approved by letter ballot 
of the main committee as well as by the 
_ officers of the E-1 technical committees 


sections. 
_ In accordance with the new Regula- 
tions action was taken at the April 


meeting to reconstitute the present E-1 
technical committees and sections as 
subcommittees. This change will be put 
into effect at the close of the annual 
meeting. The revised Regulations also 
provide for the appointment of Task 
Groups to handle specific assignments. 


Task Groups: 


As the result of its annual review of 
new areas of testing the committee 
decided at its April meeting to appoint 
task groups to review the following sub- 
jects looking toward the possibility of 
_ establishing E-1 subcommittees on these 
projects: 

Bend Test 

Shear and Torsion Tests 

Thermocouples and Emf. Instruments 


_ * Presented at the Fifty-second Annual Meeting of the 
Society, June 27-July 1, 1949. 
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At the request of Committee D-11 on 
Rubber and Rubber-Like Materials, Com 
mittee E-1 has appointed a Task Groy 
to review the subject of low-temperatur 
testing of elastomeric and plastic ma 
terials. Representation will be included 
from Committee D-11, and Committees 
D-9 on Electrical Insulating Materials 
and D-20 on Plastics; also  special- 
adviser members from industry and from 
various Government agencies. It is hopec 
that the first meeting of this group may 
be held in June during the Annual Meet- 
ing of the Society. 

Task Group on Dislillation Tests (H. P 
Ferguson, chairman).—This task group 
was appointed during the year to con- 
sider the several distillation methods and 
apparatus now covering by A.S.T.M. 
standards with a view to their further 
simplification and standardization. The 
task group is made up of representatives 
of the interested A.S.T.M. technical 
committees and will hold its first meeting 
in June. 

Task Group on Water Vapor Permea- 
bility (Robert Burns, chairman).—A sur- 
vey of methods of test in the field of water 
vapor permeability, transmission, ¢tc. 
has been made with a view to determining 
possible areas of simplification. Several 
technical committees have expressed will 
ingness to take part in a simplification pro 
gram and have designated representativ 
to participate in this project. A meeting 
of this task group will be held in June. 


ADOPTION OF TENTATIVE AS STANDARD 


The committee recommends the adop- 
tion as standard of the A.S.T.M. 
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Calorimeter Inlet Thermometer (50F - 
47T) and the Gas Calorimeter Outlet 
Thermometer (51F - 47T) appearing in 


Tentative Specifications E 1 - 48 aan 
REVISIONS OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption the revised Specifica- 
tions for A.S.T.M. Tung Oil Thermom- 

e eter shown in Table I to replace those 

for Thermometer 32C — 44 in A.S.T.M. 

Standard Specifications E 1 — 47. 


TABLE I.—PROPOSED REVISED SPECIFICATIONS 
FOR A.S.T.M. TUNG OIL THERMOMETER. 


AS.T.M. Thermometer............ 32 C-49 
Filling above liquid............... nitrogen gas 
Temperature range:...............| 240 to 320C. 
t- 195 to 200 mm. 
Stem diameter....................| 6.0 to 7.0 mm. 
Bulb diameter....................] not less than 5.0 
. mm. to not great- 
P. er than stem 
7.0 to 9.0 mm. 
up Kottom of bulb to graduation line{| Distance to 282 C. 
n- ced 77 to 79 mm. 
Distance to 320C 
nd P 101 to 111 mm. 
Contraction chamber............ 
h Longer graduation lines at each ...| 10 C. 
ne Graduations numbered at each mul- 
165 tiple of Aesniaeomnuones 20 C. 
cal Special marking on thermometer ASTM TUNG 
: Scale error at any point when stand- 
ing ardized, shall not exceed. ........| 1C. at 282 C. 
: 2C. at any other 
int 
Standardization.................. 20 282 C., 300 
Marking on A.S.T.M Tung Oil 
Thermometer 32C, 
ster 240 to 320 C. 
tC., “The contraction chamber shall be not less than 13 _ 
low 240 C 
ins : The expansion chamber or capillary extension shall 
era aie ne to 380 C. If capillary above 320 C. is 


ciently long, expansion chamber may not be necessary. 
sé The stem shall be made with an enlargement having 
“A ‘ameter approximately 3 mm. greater than the diameter 
pr the stem, the bottom of the enlargement being 150 mm. 
tom the bottom of the bulb. 


As the result of a careful study and 
thorough review of all the specifications 
DARI ior A.S.T.M. Thermometers a number of 
changes will be made this year in order to 
‘liminate various minor inconsistencies 
and in the interest of greater simplification 
and standardization. While the major 
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portion of these changes are of an edi- 
torial nature there are some which 
involve slight changes in substance. The 
committee desires to have all of these 
changes incorporated this year and 
accordingly recommends immediate re- 
vision of the Standard Specifications for 
A.S.T.M. Thermometers (E 1 — 47). The 
changes which involve substance are as 
follows: 


Terminal Numbers.—A revision of the pro- 
posed rule governing the marking of terminal 
numbers in full is proposed, as follows: 

“Tf there are one or more numbered lines be- 

tween the last full number and the terminal 

number, the terminal number also shall be in 
full. 

This rule need not necessarily be followed for: 
(a) Saybolt Viscosity Thermometers 17C, 

17F, 18C, 18F, 19C, 19F, 20C, 20F, 


QC, 21F, 22C and 22F. 


Kinematic Viscosity Thermometers 
28F, 29F, 30F, 44F, 45F, 46F, 47F and 
48F.” 

Low Temperature Differentiation —A rule is 
proposed also covering the use of minus signs to 
designate temperatures below zero. This rule is 
to be a part of Section 6 of the general require- 
ments, with reference to it to be made in the 
table under “graduations numbered at each 
multiple of”: 

“When a scale extends both above and below 

0 C. or O F., the two parts of the scale shall be 

differentiated by some means. Examples of 

suitable means are: 
_ (a) Different colors for the two parts of the 
scale. 
_ (b) Different style of numerical characters 
for the two parts of the scale. 
_ (c) Use of minus signs before appropriate 
numbers below 0 C. or 0 F.” 

Emergent Stem Tem peratures.—It is proposed 
to include in the tables the missing values for 
emergent stem temperatures as furnished by the 
National Bureau of Standards. 

Expansion Chambers.—These are provided 
for in most of the thermometers and it is pro- 
posed to add them to Thermometers 1C, 1F, 4C, 
4F, 12C, 12F, and 55F. A footnote regarding a 
permissible small enlargement at the top end of 
the base will be added to Thermometers 2C, 2F, 
3C, 3F, and 7C. 

Permanency of Range requirements of Ther- 
mometers 3C and 3F will be revised to read the 
same as for 8C and 8F. 


: 
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Method of Specifying Expansion Chambers 


_ will be changed to the form now used for Ther- 


mometer SC. 
Limiting Range Dimensions.—Adoption of 


- revised limiting dimensions for range position 


for Thermometers 1C, 1F, 4C, 4F, 9C, 9F, 10C, 
10F, 11C, 11F, 12C, 12F, 14C, 14F, and 16F. 

Limiting Bulb Dimensions.—Adoption of 
limiting bulb dimensions for Thermometers 5C, 
5F, 10C, 10F, 11C, 11F, 14C, 14F, and 32C. 

Redefinition of Bulb Length to read as follows: 
“‘The length of the bulb is the distance from the 
bottom of the bulb to the junction of bulb and 
stem, that is, the point where the internal bulb 
diameter begins to decrease as the bulb merges 
into the stem.” 

Marking on Case.—It is proposed that the 
A.S.T.M. Thermometer number be marked on 


the case. 


REVISION OF TENTATIVE 


The committee recommends that the 
same changes to eliminate minor in- 
consistencies as proposed above for 
Standard E-1 be also incorporated in the 
appropriate thermometers in the Tenta- 
tive Specifications for A.S.T.M. Ther- 
mometers (E 1-48 T). In addition the 
following revision is recommended in the 
Kinematic viscosity thermometers: 


For all thermometers except the Kinematics, 
28F, 29F, 30F, 44F, 45F, 46F, 47F and 48F, the 
scale error when standardized is specified for the 
entire scale. For the Kinematics, it is specified 
only for the test points. This is an inconsistency 
and should be corrected. 

It would be very difficult to guarantee the 
present tolerance of 0.10 F at all points. These 
thermometers are used always with corrections, 
therefore, it is recommended that thermometers 
accurate to 0.2 F. certified to 0.02 F. should be 
suitable for the purpose. 


REAFFIRMATION OF STANDARDS 


The committee recommends that the 
following standards be reaffirmed without 
change as they are considered to be up to 
date: 


Standard Specifications for Sieves for Testing 
Purposes (E 11 - 39). 

Standard Hardness Conversion Tables for Car- 

tridge Brass (E 33 - 


ReEpoRT OF COMMITTEE E-1 a 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting! 


Report OF SEcTION ACTIVITIES 


Section on Tension Testing (R. L 
Templin, chairman).—This section held 
a meeting in Chicago, Ill., on March 1, 
1949. During the past year the section 
has reviewed a number of proposed 
specifications involving tension testing 
methods and has submitted comments 
and suggestions to the Technical Com- 
mittees responsible for the specifications. 
These proposed methods include tension 
tests of thin metallic materials, method 
for testing the strength properties of 
adhesives in shear by tension loading, 
elongation measurement of wire, and the 
interpretation of Johnson’s apparent 
elastic limit as related to specifications 
for white metal bearing alloys. 

There was considerable discussion of 
the mechanical testing of thin metallic 
foils in which data showing the correla- 
tion of the Mullen bursting test and 
tension test were considered. The need 
for further data was emphasized and 
solicited for consideration by the section. 

A Task Group under the chairmanship 
of G. R. Gohn was appointed to revies 
and make specific recommendations for 
incorporating in the Standard Methods 
of Tension Testing of Metallic Materials 
(E 8-47) appropriate additions to take 
care of tension tests of copper-base alloy 
rods and to consider combining certain 
phases of the Tentative Method of Ter- 
sion Testing Steel Spring Wire (A 318- 
48 T) into Standard E 8 looking toward 
the elimination of additional specifica 

tions for such tests. 
Section on Effect of Speed of Testing 

(P. G. McVetty, chairman).—This 
1 The letter ballot vote on these recommendations ™° 


favorable; the results of the vote are on record at ASTM. 


Headquarters. 
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tion held a meeting in Chicago on March 
1, 1949. During the past year the section 
has collected notes on speeds actually 
used in the testing of a wide variety of 
materials and these will be included in 
the separate publication of the 1948 
Symposium on Speed of Testing. 

The Bibliography on Speed of Testing 
which was brought up to date by mem- 
bers of the staff of the National Bureau 
of Standards in 1947 is being revised by 
the same group with the expectation of a 
revision in 1950 covering references 
through December, 1949, 

A Task Group responsible for collect- 
ing information on commercially avail- 
able equipment for controlling speed of 
testing is continuing to provide the sec- 
tion with the latest information on this 
subject. 

Active cooperation with subcommit- 
tees interested in the speed requirements 
for tests of various materials is con- 
tinuing. An elapsed-time method of 
specifying speed not now included in 
Section 20 of Standard E 8 - 46 is being 
studied in several subcommittees and 
recommendations have been made for its 
consideration by the Sections on Tension 
and Compression Testing. A Task Group 
has been appointed to work with Com- 
mittee E-9 on Fatigue on the effect of 
speed of testing for fatigue tests. An- 
other Task Group to develop any possible 
general testing specification, correlating 
as far as possible the speed requirements 
of Committees D-6, D-9, D-11, D-13 and 

D-20, is being considered. 

Section on Flexure Testing (H. F. 
Clemmer, chairman).—This section held 
nO meetings this year. However, the 
“ction has been active and is expecting 
‘0 complete methods of test for flexural 
‘trength of brick, refractory shapes and 
block-type insulating materials, and 
‘on-metallic pipe. 

Section on Elastic Strength of Materials 


. M. Howell, chaitman).—This section 
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held one meeting during the year at 
which consideration was given to the 
definitions of terms contained in five 
specifications concerned with plastics. 
The differences between these definitions 
and those given in the Standard Defini- 
tions of Terms Relating to Methods of 
Testing (E 6 — 46) were considered likely 
to cause confusion. For that reason a 
joint task group made up of members of 
Committee D-20 on Plastics and mem- 
bers of this section was suggested to 
consider the elimination of unnecessary 
differences. In cooperation with Com- 
mittee D-20 such a task group has been 
formed. 

Section on Calibration of Testing Ma- 
chines and Apparatus (B. L. Wilson, 
chairman).—At a meeting held in Chi- 
cago, on March 1, 1949, a proposed Ten- 
tative Method of Verification and Clas- 
sification of Strainometers was discussed. 
The task group which prepared the 
method is giving further consideration to 
the proposed method in the light of this 
discussion. 

The appointment of a task group to 
survey the need for work on electric- 
resistance wire strain gages was author- 
ized. Changes in Tentative Methods 
E4-47T and E74-—47 T are under 
consideration in a task group. 

Section on Soflening Point (W. A. 
Kirklin, chairman).—The proposed con- 
solidation of the Standard Method of 
Test for Softening Point of Bituminous 
Materials (Ring and Ball Method) 
(D 36-26) and Tentative Method of 
Test for Softening Point (Ball and 
Shouldered Ring) (E 28 — 42 T) has been 
generally accepted by the interested 
committees. Exceptions are: (J) Com- 
mittee D-4 on Road and Paving Ma- 
terials which is currently collecting data 
on the effect of mechanical stirring which 
will determine whether this feature 
should be included in the method for 
application to D-4’s materials, and (2) 
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Committee D-1 whose Subcommittee XI 
on Resins is currently studying the 
application of the Ball and Ring Method 
to synthetic resins along with other 
suggested softening point methods. It 
now appears doubtful if the proposed 
consolidated method can be made ready 
for printing in the 1949 Book of Stand- 
ards, though special effort is still being 
directed toward this end. 

Section on Sub-Sieve Testing (C. E. 
Barnett, chairman).—The revision of the 
Tentative Method of Test for Particle 
Size Distribution of Sub-Sieve Size 
Particulate Substances (E 20 — 33 T) was 
accepted on September 29, 1948, by the 
Administrative Committee on Standards 
as a Tentative Recommended Practice 
for Analysis by Microscopical Methods 
for Particle Size Distribution of Particu- 
late Substances of Sub-Sieve Sizes. It 
was published in Parts III-A and III-B 
of the 1948 Supplement to Book of 
A.S.T.M. Standards. Aside from the 
activity in connection with the accept- 
ance of the above Recommended Practice 
the committee considered other A.S.T.M. 
procedures for the measurement of 
particle sizes in the sub-sieve range. 
These are under active review by the 
specific committees in charge of the 
methods. 

Section A on Thermometers (R. M. 
Wilhelm, chairman).—This section held 
meetings on October 19, 1948, and 
March 8, 1949, and has been very active 
during the fiscal year. 

After approval by Section A and con- 
firmation by letter ballot, specifications 
for the following thermometers were 
adopted as tentative on September 29, 
1948, by action of the Standards Com- 
mittee: A.S.T.M. Bomb Calorimeter 56C 
and 56F; A.S.T.M. Tag Closed Tester, 
Low Range 57C and 57F; A.S.T.M. 
Tank Low 58F; Tank Medium 59F and 
Tank High 60F. 


Gas calorimeter thermometers 50F-47T 
and 51F-47T are proposed for adoption 
as standard. 

The special committee assigned to th 
investigation of inconsistencies in AS 
T.M. thermometer specifications re 
ported on additional changes, give 
earlier in this report, which were a] 
proved by letter ballot. 

New and revised specifications for the 
following thermometers are being cor 
silered: Benzene freezing point;? Petr 
latum melting point,’ nitrocellulose sta 
bility test. 

Considerable progress has been mad 
in the writing of specifications for a set 
of precision fractionally graduated ther 
mometers. These are primarily intende 
for use as standards in testing the 
mometers but they will be availabl 
for general use in measuring temperatures 
to a high degree of accuracy. 

Proposed methods for testing liquic 
in-glass thermometers which have been 
under consideration for several years 
were approved by the Section this year 
and will be presented to the Society a 
tentative through the Standards Com 
mittee later in the year.’ 

Section on Conditioning and Weatherin 
(Robert Burns, chairman).—This sub- 
committee has completed a revision i 
the Tentative Definitions with Proce 
dures Relating to Conditioning an 
Weathering (E 41 - 48 T) which specilie 
the standard laboratory atmosphere @ 
that having a relative humidity 

50 + 2 per cent at a temperature ol 
23 + 1.1 C. (73.4 + 2 F.). This revision 
was approved by the Society and is pub. 
lished in the 1948 Supplement to Book ! 
Standards. 

A tabulation of requirements for 00% 
ditioning and weathering appearing i 
A.S.T.M. standards is being prepare’ 
by the Secretary. The subcommitte 


2 See Editorial Note, p. 503. 


‘ 
! 
‘ 
4 
| 
| 
| 
| 


On MeEtTHODs oF TESTING 503 


plans to inform the responsible technical their ballots, all of whom have voted 
committees of instances of overlapping affirmatively. . 
or duplication and to inaugurate proce- 
dures leading to their elimination. Respectfully submitted on behalf of 

the committee, 


J. R. TowNsEnpD, 


This report has been submitted to Chairman. 


letter ballot of the committee, which con-_P. J. Smitu, 
sists of 12 members; 12 members returned Secrelary. 


‘ 


| 


EDITORIAL NOTE 


- Subsequent to the Annual Meeting, Committee E-1 presented to the Society 
through the Administrative Committee on Standards the following recom- 
mendations: 

ca Vew Tentative Methods of: 

er Testing and Standardization of Etched Stem Liquid-in-Glass Thermometers (E 77 - 49 T), and 

| Compression Testing of Metallic Materials in Sheet Form (E 78 - 49 T). 


Revision of Tentative Specifications for: 


A.S.T.M. Thermometers (E 1 - 48 T). 
Revision of Tentative Methods of: 


ee Compression Testing of Metallic Materials (E 9 - 46 T). 
ars These recommendations were accepted by the Standards Committee on 
ear September 22, 1949. Tentative Specifications E 1 and Tentative Methods E 77 


appear in the 1949 Book of A.S.T.M. Standards, Parts 3, 4, 5, and 6, and Tenta- 
tive Methods E 78 and E 9 in Parts 1 and 2 of the 1949 Book of A.S.T.M. 
Standards. 
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REPORT OF COMMITTEE E-2 
ON 


SPECTROGRAPHIC ANALYSIS* 


Committee E-2 on Spectrographic 
Analysis held one meeting during the 
past year at Detroit, Mich., on June 21 
and 22, 1948, with 46 members attend- 
ing. Meetings of all subcommittees and 
of the Advisory Committee were held 
at this time. Meetings of the Advisory 
Committee also were held at Detroit, 
Mich., on October 22, 1948, and at 
Pittsburgh, Pa., on February 18, 1949. 

The membership of the committee 
is now 106, representing a net gain of 4 
members over last year. 

The committee will recommend at a 
later date to the Administrative Com- 
mittee on Standards the withdrawal of 
the Tentative Method of Quantitative 

Spectre Analysis of High Grade 
Pig Lead (E 25-37 T) and the Tenta- 
Method of Spectrochemical Analysis 
of Lead Alloys for Minor Constitutents 
_ and Impurities (E 49 43 T).! 


_ Committee E-2 recommends that the 


CONTINUED WITHOUT 


REVISION 


TENTATIVES 


following three tentatives be retained as 
tentative without revision: 


Tentative Method of: 


Spectrochemical Analysis of Zinc for Lead, Iron, 
and Cadmium (E 26-43 T), 
Spectrochemical Analysis of Zinc-Alloy Die Cast- 
ings for Minor Constituents and Impurities 
(E 27 - 43 T), and 
_ Spectrochemical Analysis of Tin Alloys for 


a Minor Constituents and Impurities (E 51- 


43 T). 


* Presented at the Fifty-second Annual Meeting of 
the Society, June 27-July 1, 1949. 
1See Editorial Note, p. 505. 


Because of the primary interest of the 
present members of Committee E-2 in 
emission spectroscopy, the committee 
recommends that references to absorp- 
tion technique and color spectroscopy be 
deleted from the scope of the committee, 
and further, that an _ independent 
A.S.T.M. committee be established for 
the growing field of absorption spectros- 
copy. Committee E-2 accordingly rec- 
ommends the following as its name and 
scope: 


Committee E-2 on Emission Spectroscopy 


Scope.—The formulation of methods of spec- 
troscopic analysis by emission techniques. 


The committee expects to cooperate 
in every way possible with the work of 
the proposed committee on absorption 
spectroscopy and the other intereste 
committees including the Joint Com- 
mittee on Nomenclature in Applie 
Spectroscopy and Committee E-3 a1 
Chemical Analysis of Metals. Close co- 
operation of these committees woul 
appear to be essential to avoid overlap 
ping of activities and to promote prog- 
ress in the preparation of analytical 
methods. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Apparatus an 
Equipment (R. W. Callon, chairman, 
presented the final draft of a report 0 
Location, Installation, and Safety Pre 
cautions for the Spectrographic Labore- 
tory. A preliminary report on the speci 
fication of spectrographic apparatus was 
prepared. A cooperative study 00 the 


e 
be 
= 


quality of photographic materials has 
progressed to the testing of an experi- 
mental emulsion by members of the 
group. 

Subcommittee IIT on Fundamental Meth- 
ods (E. B. Ashcraft, chairman) presented 
a report on the specification of excitation 
sources involving the statement of im- 
portant parameters affecting spark exci- 
tation and describing means of measuring 
the parameters. A report on measure- 
ments of precision is in preparation. 

Subcommittee III, Editorial (C. L. 
Guettel, chairman).—The second prog- 
ress report on Nomenclature in Applied 
Spectroscopy was distributed to members 
of Committee E-2 and others. Suggested 
methods of analysis, totaling 21, were 
reviewed editorially, and 7 additional 
methods are in course of review. 

Subcommittee IV on Standards and 
Pure Materials (C. H. Corliss, chairman) 
has prepared a survey of available high- 
purity materials which are particularly 
useful to spectrographic analysis. 

Subcommittees V, VI, VII, VIII, IX, 
and X are engaged in the revision and 


teview of the 38 suggested analytical Secretary. 
Note 
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methods now on hand. It is expected 
that approximately 25 of the methods 
will be completed in proper form and 
submitted for publication by the Society 
during the coming year. Included in 
this compilation are methods covering 
copper alloys, pure copper, cathode 
nickel (at the request of Committee E-4 
on Metallography), lead, lead alloys, 
aluminum and its alloys, zinc and cad- 
mium and zinc-base die casting alloys, 
low-alloy steel and cast irons, and non- 
metallic materials—the latter including 
ten methods on refractories, cement, and 
salts, such as silver nitrate. 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 106 members; 80 members re- 
turned their ballots, of whom 73 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
_ B. F. ScRIBNER, 


Chairman. 
Mary E. Warca, 


Subsequent to the Annual Meeting, Committee E-2 presented to the So- 
ciety through the Administrative Committee on Standards the following 


recommendations: 


Withdrawal of Tentative Methods of: 


Quantitative Spectrochemical Analysis of High Grade Pig Lead (E 25 - 37 T), and 


Spectrochemical Analysis of Lead Alloys for Minor Constituents and Impuriti¢s (E 49 - 43 T). _ 


These recommendations were accepted by the Standards Committee on 
November 15, 1949. 
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Committee E-3 on Chemical Analysis 
of Metals held two meetings during the 
year: at Detroit, Mich., on June 25, 1948, 
and at Pittsburgh, Pa., on January 19, 
1949. In addition, divisional and sub- 
committee meetings were held in Detroit, 
Philadelphia, Pittsburgh, Newark, and 
Waterbury. Also, there have been several 
meetings of informal groups to discuss 
specific problems. The important work of 
the committee is done through the sub- 
committees and task groups and by the 
cooperation of individuals between meet- 
ings. Activities on the development or 
revision of methods for inclusion in the 
A.S.T.M. Methods of Chemical Analysis 
of Metals, are being intensified, looking 
forward to a new edition of the book. 

With the election of D. R. Evans to the 
chairmanship of the main committee, 
Clarence Zischkau was elected chairman 
of the Non-Ferrous Division to fill the 
unexpired term. 

The Advisory Committee held two 
important meetings: on June 25, 1948, in 
Detroit, and on January 18, 1949, in 
Pittsburgh. This committee not only 
coordinates the activities of the divisions 
but recommends the broad policies and 
objectives for the committee. Along these 
lines the Advisory Committee has re- 
ceived and carefully considered several 
suggestions for improving the procedures 
followed in the organization and ac- 
tivities of the committee. Some of these 
suggestions have been approved and are 
being put into effect as indicated below. 


* Presented at the Fifty-second Annual Meeting of the 
Society, June 27—July 1, 1949. 


REPORT OF COMMITTEE E-3 
ON 
CHEMICAL ANALYSIS OF METALS* 


The Advisory Committee approved the 
policy of having the description of an 
apparatus used in only one place, in- 
cluded in the method in which it is used 
and not in the Recommended Practices 
for Apparatus and Reagents for Chemi- 
cal Analysis of Metals (E 50). 

The plan of designating the divisions 
of Committee E-3 by the first letters of 
the alphabet has led to conflicts with 
similar designations for the technical 
committees of the Society; therefore, the 
Advisory Committee has approved new 
designations as follows: Division F, 
Ferrous Division; Division N, Non- 
Ferrous Division; Division S, Sampling 
Division; and Division G, General Ana- 
lytical Division. 

The By-laws of Committee E-3 have 
been amended by approval through a 
letter ballot to provide for each division a 
vice-chairman who will assist the chair- 
man and will be available to substitute 
for him when desired. 

The Advisory Committee approved 
the following as the scope of Committee 
E-3 in the matter of sampling. After the 
appropriate specification committee has 
decided how the gross sample shall be 
taken and how many pieces shall be 
taken from a lot, Division S of Commit- 
tee E-3 will cover the preparation of the 
sample for analysis from this point. 
General sampling procedures will be 
included in the A.S.T.M. Methods of 
Chemical Analysis of Metals, and specific 
sampling procedures will be included 10 
the specification for the particular 
material. 
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The Advisory Committee accepted the 
policy of having methods for the analysis 
ff metal powders for metallurgical pur- 
poses handled by Committee B-9 on 
Metal Powders and Metal Powder 
Products through Committee E-3. When 
spplied to pigment uses, methods for the 
analysis of metal powders will be handled 
through a pigment committee. 

Committee E-3 is sponsoring a sym- 
posium on quick identification tests, of 
which spot tests are one example, at the 
1949 Annual Meeting of the Society. 

The editorial subcommittee held two 
meetings during the year: one on June 24, 
1948, in Detroit and one on October 29, 
1948, in Philadelphia. On the election of 
D. R. Evans to the chairmanship of 
Committee E-3, S. E. Q. Ashley was 
named chairman of the editorial sub- 
committee. 

The editorial subcommittee decided on 
a procedure by which photometric 
methods, now in a separate section of the 
AS.T.M. Methods of Chemical Analysis 
of Metals, will be moved and inserted 
adjacent to other methods for the same 
material but not included within these 
methods. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


_ Subsequent to the 1948 Annual Meet- 
ing, Committee E-3 presented to the 
Society through the Administrative Com- 
mittee on Standards the recommendation 
that additional Recommended Practices 
lor Apparatus for Chemical Analysis of 
Metals be accepted for publication as a 
lentative revision of Recommended 
Practices 50-48. This recommenda- 
lion Was accepted by the Standards Com- 
mittee on September 29, 1948, and the 
iew tentative has been assigned the des- 
nation E 50 — 48 T. 

The proposed Tentative Methods for 
the Analysis of Copper-Nickel and 
Copper-Nickel-Zinc Alloys were accepted 


as tentative by the Standards Committee _ 
on May 9, 1949, and have been assigned 
the designation E 75 — 49 T. 


ADOPTION OF TENTATIVES 
ro AS STANDARD 

Committee E-3 recommends that the 
following three tentatives be approved 
for reference to letter ballot of the 
Society for adoption as standard, two 
without revision and one with revisions — 
as indicated: 


Tentative Methods of Chemical Analysis of: 


Special Brasses and Bronzes (E 54-46 T), 

White Metal Bearing Alloys (E 57-46 T), and 

Lead- and Tin-Base Solder Metal (E 46 - 46 T), 
revised by the deletion of Section 16 (/) to (j) 
and the inclusion instead of a footnote refer- 
ence to the Tentative Photometric Method 
for Determination of Iron in Lead- and Tin- 
Base Alloys (E 67 - 46 T). 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


Committee E-3 recommends revisions | 

for immediate adoption in the following 
two standards and accordingly asks for a 
nine-tenths affirmative vote at the 

Annual Meeting in order that these rec- . 


ommendations may be referred to letter 
ballot of the Society. 


_ Standard Methods of Chemical Analysis of: 

-Aluminum and Aluminum-Base Alloys (E 34- 

45), revise by deleting Sections 10 to 15, which 
cover visual colorimetric methods for deter- 
mining iron and titanium subject to comple- 
tion of new tentative photometric methods for 
these elements. Also delete Sections 24 to 26 
covering the bismuthate procedure for man- 
ganese, since Methods E 34 also include a 
persulfate method which is more generally 
used, and a photometric method for man- 
ganese will soon be completed. 

Magnesium and Magnesium-Base Alloys (E 35 —_ 
45), revise by deleting Sections 31 to 33 and 
36 to 41 which cover visual colorimetric meth- 
ods for silicon and iron. Insert, instead, foot- 
note references to Sections 25 to 31 and 11 to 
24, respectively, of the Tentative Photometric 
Methods for Chemical Analysis of Magnesium 
and Magnesium-Base Alloys (E 61-46 T), 
which cover photometric procedures for the 
sameelements. 
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TENTATIVES CONTINUED 
WitHout REVISION 

The committee recommends that the 
remaining tentatives which have stood 
for two years or more without revision be 
retained in their tentative status for 
further study. 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.! 

Activities OF Divisions 
AND SUBCOMMITTEES 

Division F on Ferrous Metals (Arba 
Thomas, chairman) held two well-at- 
tended meetings during the year: one at 
the Annual Meeting of the Society on 
June 24, 1948, at Detroit, and another in 
Pittsburgh on January 19, 1949. 

The main subject of discussion at both 
meetings was the revision of the methods 
published in the 1946 edition of the Book 
of A.S.T.M. Methods of Chemical 
Analysis of Metals. The subgroups re- 
sponsible for these revisions have given 
the problem considerable study, and it 
appears that in many instances rapid 
photometric methods may be considered 
for replacing some of the present time- 
consuming volumetric and gravimetric 
procedures. The task groups will prob- 
ably not be able to give these new 
methods sufficient analytical study so 
that they can be incorporated in the next 
edition of the book; however, all neces- 
sary modifications of the published 
methods will be made before the next 
edition. 

The present published tentative com- 
bustion sulfur method has been subjected 
to considerable criticism by analysts who 
have tried out the procedure on plain 
carbon, low-alloy steels, and cast iron in 
that the method as written does not 


1 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at 4.S.T.M. 
Headquarters. 
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overcome the objectionable iron oxide fog 
that forms during the combustion of 
these materials, especially cast iron. This 
is a valid criticism as the deposition of 
the iron oxide in the cooler portion of the 
combustion tube at the exit end makes 
the use of a constant factor impossible. 
The method, as written, however, is 
entirely satisfactory for high-alloy steels 
of the stainless types. The insertion of a 
porous, ceramic filter in the hot com- 
bustion zone may eliminate this diff- 
culty, and certain members of the Divi- 
sion are collecting data on this point. 

The subgroup responsible for a method 
for beryllium in steel has completed its 
work and has submitted the proposed 
procedure to the Editorial Committee 
and Division G for their comments and 
criticisms. It is expected that by the 
June, 1949, meeting this method will be 
ready for letter ballot. 

The subgroup responsible for a method 
for tin in steel has also completed its 
work, and the proposed procedure and 
supporting analytical data will be sent 
to the Editorial Committee and Division 
G for their comments and criticism. It is 
hoped that this proposed method will be 
ready for letter ballot by the June, 1949, 
meeting. 

The subgroup in charge of the de- 
velopment of a method for the determina- 
tion of aluminum in stainless steels has 
not yet completed its work. It is e- 
pected, however, that by the June, 1949, 
meeting this subgroup will have made 
sufficient progress so that it can recom- 
mend a satisfactory method. 

The subgroup developing a method for 
the determination of zirconium in alloys 
containing tungsten and cobalt has ¢- 
perienced considerable difficulty, and 
more time is needed before a satisfactory 
method will be forthcoming. 

All task forces or subgroups and stand- 
ing committee chairmen have been 


7 


dre 


| 
a 
( 
I 
t 
; A 
re 
K 
st 
4 
. | 19 
mee 
Whi 
Anz 


een 


On CHEMICAL ANALYSIS OF METALS 509 


methods and revised published methods 
with supporting analytical data in stand- 
ard editorial form in order to expedite the 
submission of the methods to letter bal- 
lot by the Division and Committee E-3. 

The question of whether the Methods 
for Chemical Analysis of Steel (E 30) are 
applicable to malleable iron has been 
raised by Committee A-7 on Malleable- 
Jron Castings. It is the concensus of the 
Division that practically all of the latest 
edition of E 30 methods are applicable to 
malleable iron. This question will receive 
further consideration at the June, 1949, 
meeting. 

The Method for the Sampling of Ferro- 
Alloys (E 32 — 42) is being reviewed with 
the intention of expanding its scope to 
include the sampling of ferro-boron and 
ferro-titanium. 

John J. Furey was appointed chairman 
of standing Subcommittee F-1 (Ferro- 
Alloys) replacing T. R. Cunningham who 
resigned from the Division. Also, H. 
Kirtchik was appointed Chairman of 
standing Subcommittee F-2 (Elec- 
trical Heating Alloys) replacing Mr. 
Cunningham. 

Mr. T. R. Cunningham has been 
lected an honorary consulting member 
of Division F. 

Division N on Non-Ferrous Metals 
(Clarence Zischkau, acting chairman) 
held meetings at Detroit during June, 
1948, and at Pittsburgh in January, 1949, 

During the year H. V. Churchill with- 
drew as chairman of Subcommittee N-3 
which covered aluminum and magnesium 
and their alloys. This subcommittee has 
since been replaced by two subcommit- 
tees, one on aluminum and its alloys and 
the other on magnesium and its alloys. 

Subcommittee N-1 on Copper and Its 
Alloys (R. P. Nevers, chairman) held a 
meeting in June, 1948, at Detroit at 
Which the main subject of discussion was 
the Proposed Tentative Methods of 

ysis of Copper-Nickel and Copper- 


Nickel-Zinc Alloys. Special task group 
meetings were held at Waterbury and 
Newark and the final draft was agreed 
upon at the January Meeting at Pitts- 
burgh. This method has since been 
accepted by’ the Standards Committee 
as mentioned earlier in this report. 

The present program calls for develop- 
ment of methods for the determination of 
sulfur and small amounts of aluminum 
in special brasses and bronzes and also 
for methods of analysis for copper- 
beryllium alloys. 

Subcommittee N-2 on Lead, Tin, 
Antimony, Bismuth, and Their Alloys 
(C. L. Luke, chairman) was relatively 
inactive during part of the year. Pro- 
posed methods are under consideration 
covering the analysis of antimony metal. 
Two samples are to be submitted to 
members cooperating in this work with 
the hope that data and methods will be 
discussed at the annual meeting in June. 

Methods are being prepared for the 
photometric determination of copper, 
bismuth, arsenic, iron, and zinc in pig 
lead. Two samples will be submitted to 
the active members of the committee in 
time to obtain some data for presenta- 
tion at the coming annual meeting. 

Subcommittee N-3 on Aluminum and 
Its Alloys (K. C. Braun, chairman).— 
The main activity of this committee 
during the year has been the cooperation 
with Subcommittee N-7 in devising 
photometric methods for copper, nickel, 
iron, chromium, manganese, and ti- 
tanium. These methods are in the 
process of being submitted to letter 
ballot.? 

Methods E 34 are under review and 
the method for silicon, using sodium 
hydroxide for decomposition and _ per- 
chloric acid for dehydration, will be 
investigated for possible modification. 

Contemplated work for the future is to 
develop methods for the determination 


2 See Editorial Note p. 512. 
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of small amounts of lead, bismuth, and 
zinc. 

Subcommittee N-4 on Zinc and Its 
Alloys (R. K. Bell, chairman).—The 
present methods have been reviewed 
during the year with an earnest attempt 
to make improvements. No new methods 
have been submitted in that it was felt 
that future work will be along lines of 
instrumentation. 

The program to be considered in this 
committee will be the investigation of 
the application of photometric methods 
for the determination of certain 
elements. 

Subcommittee N-6 on Nickel and Its 
Alloys (Calvin Sterling, chairman).—No 
cooperative work has been accomplished 
since the last annual meeting. Mr. Potter 
has agreed to form a task force to work on 
electronic nickel. The present program 
calls for cooperative work on_nickel- 
copper alloys and draft methods and 
samples are being prepared. 

Subcommittee N-7 on Photometric 
Methods (R. G. Ernst, chairman).—The 
activities of this subcommittee for the 
past year may be listed as follows: 

(1) Preparation, revision, testing, edit- 
ing, and accumulation of cooperative 
data on methods for the analysis of 
aluminum-base alloys. There are six such 
methods now ready for distribution for 
letter ballot. 

(2) Development work on a method for 
the analysis of silicon in copper-base 
alloys. This is an attempt to make an 
existing method applicable to any and all 
possible copper-base alloys and is as yet 
uncompleted. 

(3) A method for the treatment of 
blanks in photometric analyses is being 
considered in connection with its applica- 
bility to the many differing specific cases 
that have arisen or may arise in A.S. 
T.M. methods. 

This committee will continue to co- 
operate with the other committees on 
photometric work. 
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Subcommittee N-8 on Polarographic 
Methods (W. W. Braun, chairman).— 
Proposed methods for the determination 
of certain elements in antimony metal are 
under consideration. Methods are in 
preparation for some of the impurities 
in pig-lead. 

Subcommittee N-9 on Magnesium and 
Its Alloys (V. A. Stenger, chairman) 
held one meeting in January at 
Pittsburgh since it was created by the 
division of the former Subcommittee 
B-3 in December, 1948. Work in progress 
centers around collaboration with the 
National Bureau of Standards in the 
preparation and analysis of a standard 
magnesium-base alloy. 

A photometric method for nickel in 
the range of 1 to 10 ppm. is needed and 
work in this direction is being planned. 
There would also be use for a photo- 
metric aluminum method in the range 
of 2 to 10 per cent. 

Division S on Sampling (W. C. 
Bowden, Jr., chairman) has held two 
meetings during the year: on Thursday, 
June 24, 1948, in Detroit, and on 
January 18, 1949, in Pittsburgh. 

The procedures for the sampling of 
pig lead and antimony metal were 
written in cooperation with Subcom- 
mittee II of Committee B-2 on Non- 
ferrous Metals and Alloys. The procedure 
for sampling of pig lead is being sub- 
mitted as a revision for immediate 
adoption in the Standard Specifications 
for Pig Lead (B 29-43) by Committee 
B-2.3 The procedure for the sampling of 
antimony metal is being submitted as 4 
new tentative specification by Committee 
B-2.3 

The cooperating task forces of Com- 
mittees E-3 and B-5 on Copper and 
Wrought Alloys have held several meet- 
ings, and work is progressing satis 
factorily. Division S has supplied Com- 
mittee B-5 with the requisite sample 
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sizes for the various specifications, and 
these figures will be used in proposed 
revisions of sampling procedure. 

Messrs. Barry and Nevers have been 
appointed as a task group to write a 
method for sampling cast non-ferrous 
metals and alloys, and it is hoped this 
will be ready for consideration at the 
Annual Meeting. It is to supplement the 
Standard Method of Sampling Wrought 
Non-Ferrous Metals and Alloys for 
Determination of Chemical Composition 
(E55-48), and the plans are that the 
specification committees will refer to it 
and the proposed new methods when 
writing future specifications. 

Committee A-9 on Ferro-Alloys has 
prepared specifications for ferro-titanium 
and ferro-boron, and Division S is 
cooperating with Committee A-9 in the 
preparation of methods of sampling these 
ferro-alloys. 

Division G—General Analytical Di- 
vision (S. E. Q. Ashley, chairman) is 
primarily responsible for the correlation 
of the analytical procedures developed 
in the other divisions of Committee 
E-3 and for recommending the use of 
some of the newer analytical techniques, 
where applicable. In line with these 
policies, the subcommittees of Division 
G have been reviewing the analytical 
procedures under the supervision of 
Committee E-3. 

Subcommittee G-1 on the Develop- 
ment, Preparation, or Standardization 
of Reagents (T. C. Bryson, chairman) 
as tabulated the reagents required for 
the analytical procedures and will pro- 
vide uniform descriptions of these rea- 
gents. This committee has also been 
considering safety precautions applicable 
‘0 procedures under the jurisdiction of 


Committee E-3, Secretary. 
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Subcommittee G-2 on the Develop- 
ment and Standardization of Apparatus 
(Thomas L. King, chairman) completed 
the preparation of the Tentative Recom- 
mended Practice E 50, referred to earlier 
in this report, which comprises the re- 
quirements for apparatus for detecting 
the dead-stop end point and revisions 
in the requirements for the mercury 
cathode cell and the apparatus for 
potientiometric titration. Consideration 
has been given to specifications for filter 
papers in cooperation with Committee 
D-6 on Paper and Paper Products 
and to performance specifications for 
analytical balances. 

Subcommittee G-3 on Common tas 


4 


cedures (J. H. Harley, chairman) has 
completed a compilation of those pro-— 
cedures which are common to two or 
more methods and is taking steps to 
resolve differences between them. 
Subcommittee G-4 on Precision and 
Accuracy of Methods for the Analysis 
of Metals (Grant Wernimont, chairman) 
has been relatively inactive but has in 
preparation recommended practices for 
the use of statistical methods in an- 
alytical work. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 100 members; 81 members 
returned their ballots, all of whom voted 
affirmatively. 


Respectfully submitted on behalf of 


the committee, 
D. R. Evans 
Chairman. 


J. W. STILLMAN, 


Report oF CommitTEE E-3 


dations: 
New Tentative Photometric Method for: 
Determination of Cobalt in Nickel (E 39-49 T), and 


Analysis of Aluminum-Base Alloys: Determination of Chromium, Copper, Iron, Manganese, Nickel 
and Titanium (E 34-49 T). 


These recommendations were accepted by the Standards Committee on 
September 22, 1949. 
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ON 


METALLOGRAPHY* 


Committee E-4 on Metallography 
and a number of its subcommittees’ 
held meetings during the spring meetings 
of the Society at Chicago, IIl., on Feb. 
28 and March 1, 1949, 

In addition to the above, a meeting 
was held with the representative of an 
active electron microscope group work- 
ing on metals. This group has since de- 
cided to join their efforts with Commit- 
tee E-4. At the meeting of Committee 
E-4 in June, 1949, it was voted to es- 
tablish the group as a new Subcommittee 
XI on Electron Microstructure of Steels. 
The resulting consolidation should be 
mutually advantageous and provide the 
Society with an already formed group 
which is conducting a very constructive 
program correlating optical and electron 
microscopy on identical metal samples. 
The establishment of still another new 
Subcommittee was decided at the June 
meeting. This group is to be Subcommit- 
tee IT (P. A. Beck, chairman) on 
Nomenclature. It will have the responsi- 
bility of determining the logical and 
proper nomenclature for alloy phases in 
binary and more complex alloy systems. 

Committee E-4 has been enjoying a 
slow but steady growth and has now 
attained a total of 86 members. 


New TENTATIVES 


The committee is preparing proposed 
Tentative Methods of Classification of 
Ferrite Grain Size in Steels which will be 
submitted later to the Administrative 
Committee on Standards for publication 


* Presented at 


the Fifty- Meeti 
ety, June 27. e Fifty-second Annual Meeting of the 


July 1, 1949, 
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as a new tentative. These methods are a — 
revision of the grain size standard now 
in Tentative Methods E-2 incorporating 
recommendations concerning the rela- 
tionship between the grain size measure- 
ments of various non-ferrous metals and 
alloys. 

The following new tentatives have 
been prepared and were approved by 
unanimous vote at the annual meeting 
of Committee E-4: 


Proposed Tentative Methods for Estimating the 
Average Grain Size of Wrought Copper and 
Copper-Base Alloys, 

Proposed Tentative Recommended Practice for 
Dilatometric Analysis of Metallic Materials, 

Proposed Method for Determining the Orienta- 
tion of a Metal Crystal, and 

Proposed Method for Preparing Quantitative 


Pole Figures of Metals. _ 


The committee recommends that the 
Tentative Methods of Preparation of 
Micrographs of Metals and Alloys (In- 
cluding Recommended Practice for Pho- 
tography as Applied to Metallography) 
(E2-44T) be revised as appended 
hereto.! 


REVISION OF TENTATIVE 


REAFFIRMATION OF STANDARDS 


The committee recommends reaffirma- 
tion as standard of the Standard Defini- 
tions of Terms Relating to Metallog- 
raphy (E 7 — 27)? and the Recommended 
Practice for Thermal Analysis of Steel 
(E 14 - 33).3 

1 These revised methods were accepted by the Society 
and appear in the 1949 Book of A.S.T.M. Standards, Part 2. 


2 1946 Book of AS T M. Standards, Part I-B. 
21946 Booc of AS.T.M. Standards, Part I-A. 
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Tentative Methods of: 
Preparation of Metallographic Specimens (E 3 - 

46 T)2 
Tentative Recommended Practices for: 
Identification of Crystalline Materials by the 

Hanawalt X-Ray Diffraction Method (E 43 - 

46 T),? and 
Determining the Inclusion Content of Steel 

(E 45 - 46 T).* 

The recommendations appearing in 
this report have been submitted to let- 
ter ballot of the committee the results 
of which will be reported at the Annual 
Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitlee I on Selection and Prepa- 
ration of Samples (J. R. Vilella, chair- 
man) reviewed Tentative Methods E 3 - 
46T and recommended that they be 
continued as tentative without change. 

Subcommittee II on Definitions (P. A. 
Beck, chairman) was reinstated last 
year and held its first meeting in its 
present form on March 1, 1948, in 
Washington, D. C. At that meeting, it 
was decided to subdivide the field of 
work of the subcommittee into the fol- 
lowing 12 sections: (/) Optical Micros- 
copy; (2) X-Ray Diffraction; (3) Pho- 
tography; (4) Grain Size; (5) Alloy 
Structures (Ferrous); (6) Alloy Struc- 
tures (Non-ferrous); (7) Inclusions; 
Thermal Analysis; (9) Microradiog- 
raphy; (10) Powder Metallurgy; (//) 
Electron Microscopy; (12) Electron Dif- 
fraction. Appointments were made and 
accepted immediately for the various 
task groups to handle the work of each 
section, excepting Sections 11 and 12, 
q which so far have been inactive. Since a 
4 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at A.S.T.M. 
Headquarters, 
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TENTATIVES CONTINUED 
WitnHovut REVISION 
The committee recommends that the 
following three tentatives be continued 
in their present status without revision: 


new Subcommittee XI on Electron 
Microstructure of Steels was established 
by action taken at the June, 1949, meet- 
ing, Section 11 will soon become active. 

In correspondence during the following 
year the various task groups completed 
their assignments and prepared for each 
section tentative lists of terms to be 
defined and abbreviated. At the second 
meeting of the subcommittee, on March 
1, 1949, all of these tentative lists, 
amounting to a total number of approxi- 
mately 450 terms, were re viewed by the 
members of the subcommittee. At this 
time, Sections 8, 9, and 10 were the only 
ones whose assignment was incomplete. 
Since that meeting, the terms on powder- 
metallurgy have been received. 

The assignments of the other missing 
sections were completed and processed 
by the subcommittee and the combined 
list of terms was accepted at the Annual 
Meeting. Work in defining the terms has 
been initiated and will continue through- 
out the coming year. 

The subcommittee has recommended 
the continuation of Standard Definitions 
E7 despite their antiquity and plans to 
have a complete and modern list of 
definitions to replace them by next year. 

Subcommittee IV on Photography (L. 
V. Foster, chairman) held a meeting in 
Chicago, Ill., on February 28, 1949, at 
which it was reported that the Sympo- 
sium on Metallography in Color is almost 
ready for publication.° 

This subcommittee prepared the re 
visions of Tentative Methods E2, re 
ferred to earlier in this report. 

Subcommittee V on Microhardness (Al- 
exander Gobus, chairman) held its first 
meeting on March 2, 1948. It was, m 
general, a fact-find session, to determine 
what the experience of testers has been 
and what must be accomplished in order 
to establish standards or recommended 
practices. 


* Published, in December, 1949. 
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The discussion developed some in- 
teresting opinions, several of which are 
resented as follows: 

1. Cast iron and ingot iron do not give 
eproducible hardness results at high 
oads. 

2. Dead weight loading is reproduc- 
ble, spring loading is not as reliable. 

3. Indention at low load may be bet- 
ter interpreted if a scratch is also made 
and studied. 

At a meeting on June 21, 1948, other 
troublesome factors were developed. 
It was said that due to waviness, elec- 
trolytic polishing was not satisfactory. 
It was indicated that orientation of the 
impression has been found to change the 
apparent hardness up to 28 per cent. 

Probable errors were felt to be: 

1. Calibration of stage micrometer. 

2. Characteristic dimensions of di- 
amond. 

3. Levelness. 

Loading accuracy of tester. 
. Specimen preparation. 

. Errors in optical system. 

. Backlash in filar. 

8. Location of mythical image. 

It was decided that the greatest error 
thus far encountered was due to the fact 
that the stage micrometers used in cali- 
brating filars possess a prohibitive inac- 
curacy. It has been learned that the 
Bausch & Lomb Co. believes it will soon 
te in a position to furnish a stage 
micrometer with an accuracy of 0.1 p. 
lt developed that the Bureau of 
Standards could not rapidly certify such 
lage micrometers but that R. D. France 
at the Frankford Arsenal may be able 
‘0 arrange for such a service. 

Just as soon as the stage micrometer 
question has been solved the committee 
will circulate test blocks to various 
‘eters to determine what further errors 
‘aust be eliminated and what order of 
‘portance they occupy. 

Subcommittee VI on X-Ra y Methods 

- L. Fink, chairman) has reviewed 


Ww 


the Tentative Recommended Practice 
E 43 but is recommending no changes at 
this time. The Joint Committee on 
X-Ray Diffraction has the new editions 
of the card indexes nearly ready for the 
press. This new edition will probably be 
printed on cards which will permit me- 
chanical sorting to be used. 

A Proposed Tentative Method for De- 
termining the Orientation of a Metal 
Crystal and a Proposed Tentative 
Method for Preparing Quantitative Pole 
Figures of Metals have been prepared 
and approved by this subcommittee. 
These were approved by a unanimous 
vote at the June, 1949, meeting of Com- 
mittee E-4 

At the June, 1949, meeting of Sub- 
committee VI it was voted to initiate 
work on the preparation of standard 
methods involving the use of microradi- 
ography. 

Subcommittee VII on Methods of 
Thermal Analysis (L. H. Carr, chairman) 
resumed an active status and held a 
meeting in Chicago, Ill. While recogniz- 
ing the many deficiencies in the Stand- 
ard Recommended Practice E 14 for 
Thermal Analysis of Steel, the subcom- 
mittee recommends its continuance for 
the present. At the same time, a task 
force was appointed to make a thorough 
revision of this standard which would in- 
clude more specific and instructive infor- 
mation and incorporate the best modern 
methods for thermal analysis. This 
assignment is to be completed within a 
year. 

The subcommittee had been active 
previous to the war in establishing a 
recommended practice in the field of 
dilatometric analysis. A Proposed 


Recommended Practice for Dilatometric 
Analysis of Metallic Materials has been 
prepared and approved by subcommittee 
letter ballot during the past year. It was 
approved by unanimous vote at the June 
meeting of Committee E-4. 

In addition to this project, the sub- 
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committee is also considering other 
_ methods of thermal analysis such as 
resistivity, magnetic susceptibility, etc., 
and expects to establish recommended 
practices in these fields. 

Subcommittee VIII on Grain Size 
A. Grossman, chairman).—Section 
A on Austenite Grain Size (M. A. Gross- 

man, chairman) has had no comments on 
the Standard Classification of Austenitic 

Grain Size in Steels (E 19 - 46) and thus 
_ has no recommendations. 

Section B on Ferrite Grain Size (R. E. 
Penrod, chairman) has been very active 
during the past 18 months in preparing 
a ferrite grain size standard which is 
being recommended for publication as 
tentative, as referred to earlier in this 
report. 

Section C on Non-Ferrous Grain Size 
(C. H. Samans, chairman) has put forth 
a tremendous amount of effort in recon- 
ciling the various and sundry grain count 
attempts in several branches of non- 
ferrous metallurgy into a single pattern. 
They have met with hearty cooperation 
in such fields as aluminum, magnesium, 
nickel, etc., and have arrived at a solu- 
tion which will permit a generally uni- 
form method which directly correlates 
with other standards. 

Proposed Tentative Methods for Esti- 
mating the Average Grain Size of 
Wrought Copper and Copper-Base 
Alloys has been approved by subcommit- 
tee letter ballot and was given a unani- 
mous vote of approval at the June 
meeting of Committee E-4. 

Having inherited the “brass” grain 
size standard which was deleted from 
Tentative Method E 2 - 44 T, this Sec- 
tion has corrected several deficiencies in 
the comparison chart such as inadequacy 
of range, deficiency in steps in the series, 
uniformity of structure, etc. In addition, 


it now becomes possible to use this com. 
parison at 75X, or, preferably, at th. 
presently accepted standard of 100 or 
multiples thereof which fit into other 
established grain size comparison charts 

The work involved in establishing a 
logical system of grain size determina- 
tions applicable to non-ferrous metals 
has been a considerable task. It js a 
credit to the Section that it has arrived 
at a system which has all the breadth of 
application necessary, and which also 
finds direct correlation with other recog- 
nized methods. This bids well to ar- 
rive eventually at the only logical con- 
clusion to the end that an acre is an 
acre, whether of woodland or of pasture, 
and is measured by the same yardstick. 

Subcommittee IX on Inclusions (Sam- 
uel Epstein, chairman) has reviewed the 
Tentative Recommended Practice E 45 
for Determining the Inclusion Content 
of Steel and recommends its continua- 
tion as tentative without revision. 

Subcommittee X on Decarburization, 
(J. J. B. Rutherford, chairman) is con- 
sidering several of the suggested methods 
for the determination of decarburiza- 
tion. In addition, liaison is being main- 
tained with the Society of Automotive 
Engineers and other groups interested in 
this same effort. 


This report has been submitted to let- 
ter ballot of the committee, which con 
sists of 86 members; 67 members I 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


L. L. WyMay, 
Chairman. 


Mary Norton, 
Secrelary. 
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Subsequent to the Annual Meeting, Committee E-4 presented to the So- 
ciety through the Administrative Committee on Standards the following re- 
commendations: 


New Tentative Method for: 
' Estimating the Average Grain Size of Wrought Copper and Copper-Base Alloys © 
(E 79 - 49 T), 
Preparing Quantitative Pole Figures of Metals (E 81 - 49 T), and 
Determining the Orientation of a Metal Crystal (E 82 - 49 T). 


New Tentative Recommended Practice for: 


Dilatometric Analysis of Metallic Materials (E 80 - 49 T). 


< Revision of Tentative Recommended Practice for: = 


k. Identification of Crystalline Materials by the Hanawalt X-Ray Diffraction 
1- Method (E 43 - 46 T). 


These recommendations were accepted by the Standards Committee on | 
December 21, 1949, and the new and revised tentatives appear 1 in the 1949 
Book of A.S.T.M. Standards, Part2. 
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now under study in Subcommittee I for 
regarding possible re- General Structural 
Elements (K. F. W endt, chairman) held 
a meeting in Chicago on March 1, 1949. 
‘i RECOMMENDATIONS ACCEPTED BY THE ‘The subcommittee has continued its 


REPORT OF COMMITTEE E-6 
ON 


METHODS OF TESTING BUILDING CONSTRUCTIONS* 


_ Committee E-6 on Methods of Testing Standards, Part I, under the designa- 
Building Constructions held one meeting _ tion E 73 - 48 T. 
during the year, in Chicago, IIl., on 
March 2, 1949, preceded by meetings 
. the Advisory and four other subcom- 
mittees. 

Since the last report, 11 members have 
been elected and there have been 2 re- 
movals. The committee records with 
sorrow the death of A. J. Boase, one of 
the original members of the committee. 
At the present time the committee con- 

sists of 57 members, of whom 50 are 
voting members. The members are not 
classified. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Panels for Light. 
Building Construction (H. L. Whitte- 
more, chairman) is considering comments 
on Tentative Methods E 72 with a view 
to possible revision. 

Subcommiltee II on Connections and 
Assembled Structures (G. M. Rapp, 
chairman) held a meeting in Chicago on 
March 1, 1949, to discuss its program. 

Subcommittee III on Large Structural 
Units (F. E. Richart, chairman) de- 
veloped the Tentative Methods of Test- 


tions concerning standards and tenta- ing ‘Truss Assemblies (E73 
The subcommittee has been considering 
tives to present at this time. The . 


Tentative Methods of Conducting the question of type and scope of testing § ; 

>. procedures required for tests of large § yy, 

Strength Tests of Panels for Building Mec 
“(gieemiaeiien (E72-47T) which has structural members or assemblies and 


stood for two years without revision is will proceed when an objective is clearly 
defined. 


ADMINISTRATIVE COMMITTEE consideration of the proposed Tentative 
ON STANDARDS Methods of Tests for Strength and Stifi- 


Subsequent to the 1948 Annual Meet- ness of Prefabricated Floor and Roo! 
ing, Committee E-6 submitted to the Constructions for Buildings. The pro- 
Society through the Administrative Com- posed methods have undergone sever 
mittee on Standards, the proposed Ten- revisions, and the subcommittee hopes to 
tative Methods of Testing Truss Assem- have a draft ready for action during th 
_blies. The new tentative was accepted yé€ar. 
by the Standards Committee on Septem- Subcommittee VI on Insulation (F. © 
ber 29, 1948, and appears in the 1948 Hechler, chairman) held a meeting 1! 


Supplement to the Book of A.S.T.M. Chicago on March 1, 1949. The sub- 
committee is giving attention to metho 
* Presented at the Fifty-second Annual Meeting of 


the Society, June 27-July 1, 1949. for determining heat and water vap" 
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ms. Methods for determining both 
perties have long been under con- 
jeration by other A.S.T.M. commit- 
es, Acceptable tentative laboratory 
ethods for determining heat trans- 
ission have been developed by Com- 
ittee C-16 on Thermal Insulating 
Materials. The suitability of a small 
expensive heat-flow meter, now com- 
erically available, is being investigated 
ruse in making field checks of heat 
ransmission of constructions. Several 
mmmittees are dealing with vapor 
arriers and water vapor transfer, but no 
enerally acceptable method of test has 
et been developed. The subcommittee 
s keeping in close touch with this work 
and giving its support to a unification 
ii the basic procedures and the eventual 
evelopment of a test method suitable 
or constructions as well as for ma- 
terials, 

Subcommittee VII on Sound Trans- 
mission (R. K. Cook, chairman) has 
‘ompleted preparation of the first draft 
if the Test Method for Laboratory 
Measurements of Airborne-Sound Trans- 
nision Loss of Building Floors and 
Walls. This has been circulated to 14 
aboratories and individuals, in addition 
‘0 members of the subcommittee. 
Numerous comments and_ suggestions 
on the test method have been received 
and as many of these as possible incor- 
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‘ansfer through materials and construc- 


porated into a new draft. This is now 
before the subcommittee for recommen- 
dation as to its approval as tentative. 

Subcommittee VIII on Fire Resistance 
(Harold Perrine, chairman) has been 
largely engaged in a review of the work 
of Committee E-5 on Fire Tests of Ma- 
terials and Construction, to determine 
whether the program of that committee 
is adequate to meet the needs of Com- 
mittee E-6. A subgroup has been es- 
tablished to study the feasibility and 
need of developing a small scale fire test 
of wall panels. This would permit a 
manufacturer to do exploratory work 
with small-size units, thereby obtaining 
a wide range of test data before making 
the official full-size test. A subgroup 
will also be appointed to define the sig- 
nificance of fire tests and outline the 
objective of such tests in relation to 
occupancy requirements. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 50 members; 36 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
J. A. Liska, 

Chairman. 
J. H. Courtney, 


Secretary. 
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Committee E-7 on Non-Destructive 
Testing met at Detroit, Mich. on June 
21, 1948, in conjunction with the Annual 
Meeting of the Society. There have been 
Executive Council meetings on October 
27, 1948, and March 25, 1949. 

In conjunction with the expansion of 
scope of the committee to include non- 
destructive testing for discontinuities 
or structural irregularities, rather than 
radiographic testing alone, the member- 
ship has increased steadily throughout 
the year to 93, including representatives 
of 8 other technical committees interested 
in non-destructive testing as applied in 
their fields of jurisdiction. The members 
are no longer classified. 

REVISION OF TENTATIVE 

The committee recommends that the 
Tentative Definitions of Industrial 
Radiographic Terminology for Use in 
Radiographic Inspection of Castings 
and Weldments (FE 52-45 T) be revised 
as appended hereto.' This revision is 
designed to accomplish two objectives: 
(1) The reorganization of the terms into 


six groups rather than seven, distribu- 


ting the terms formerly grouped under the 
designation “Dispersed Defects” be- 
tween the groups designated ‘Gas” 
and “Shrinkage,” as being more in- 
dicative of the cause of the indications 
than the previous designation, and (2) 
the expansion of the section on welding 
discontinuities to include additional ma- 


* Presented at the Fifty-second Annual Meeting of the 
Society, June 27-July 1, 1949. 
These revised definitions were accepted by the Soci- 
ety and appear in the 1949 Book of A.S.T.M. Standards, 
Parts 1 and 2. 
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terial not included in the original | he 
definitions. Opportunity was taken also be 
to make minor editorial changes, pri- | fo 
marily for purposes of clarification, 


TENTATIVE CONTINUED 
WitHouT REVISION 

A special subcommittee, (N. A. Kahn, J ne 
chairman, Alexander Gobus and 0. R. J Ra 
Carpenter), has considered the possi- J Ca 
bility of revision or adoption as standard J an 
of the Tentative Industrial Radio. § the 
graphic Standards for Steel Castings 
(E 71-47 T). In accordance with the 
subcommittee recommendation to the 
Executive Council, it is recommended 
that this tentative be continued in its 
present form. 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which wil 
be reported at the Annual Meeting.’ 


GENERAL ACTIVITIES OF 
THE COMMITTEE 


Discussion on Ultrasonic Testing.— 
This discussion, held in conjunction with 
the 1948 Annual Meeting at Detroit, has 
been reproduced and circulated to the 
committee. Copies are available for thos 
interested. The two papers delivered a! 
this discussion will be published in 4 
forthcoming book. 

Reorganization.—A permanent sub- 
committee organization to cover the 
expanded scope of the committee ha 


2 The letter ballot vote on these recommendations 87 


favorable, the results of the vote are on record at AS.1. 
Headquarters. 
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not yet crystallized, but is being studied 
by the Executive Council. 


1949 Annual Meeting.—In addition to 
the usual Executive Council and com- 
mittee meetings, the committee is spon- 
sring two technical meetings to be held 
in conjunction with the Annual Meeting 
if the Society one on Ultrasonic Testing 
and the other on Radiography. It is 
hoped that the material presented at 
both sessions can be published in book 
form. 

Steel Weld Standards.—A special sub- 
committee, under the chairmanship of A. 
Gobus, is exploring the possibility of 
producing a set of reference X-ray 
negatives, similar to those in Tentative 
Raliographic Standards E71 for Steel 
Castings covering defects in steel welds, 
and a set of ultrasonic reflectograms of 
the same defects. 
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Radiographic Procedure—A _ special 
subcommittee, under H. E. Seemann, is 
studying the preparation of a standard ; 
radiographic procedure to replace the _ 
obsolete Tentative Methods of Radio- 
graphic Testing of Metal Castings 
(E 15-39T) which was withdrawn in 
1947. 


This report has been submitted to — 
letter ballot of the committee, which ' 
consists of 93 members; 59 members re- 
turned their ballots, of whom 56 have — 
voted affirmatively and 0 negatively. _ 


Respectfully submitted on behalf of 
the committee, 
J. H. Bry, 
Chairman. 
D. TF. O’Connor, 
Secretary. 
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The major project of Committee E-9 
on Fatigue for some time has been the 
preparation of a ‘Manual on Fatigue 
Testing.” ‘This project was initiated at 
a meeting of the committee held during 
the Annual Meeting of the Society in 
Buffalo, N. Y., June, 1946, with the 
assignment of responsibility for various 
sections to individual committee mem- 
bers. Drafts of the several sections 
have been discussed at subsequent meet- 


_ ings of the committee at two Annual and 


three Spring Meetings of the Society, 
with appropriate revisions resulting. 
The Manual manuscript, which repre- 
sents a reasonable consensus of com- 
mittee opinion and experience, is now 
completed and needs only minor edi- 
torial changes. ‘The publication should 


_ be available in the fall of 1949. 


During the past year liason has been 
established between British work in the 
fatigue field and the work of Committee 
E-9. Dr. Herbert J. Gough, Chairman 
of the Properties and Mechanics of 
Materials Committee of the Mechanical 
Engineering Research Board of the De- 
partment of Scientific and Industrial Re- 
search of Great Britain is serving on 
Committee E-9 as a Corresponding 
Member. Some exchange of information 
has taken place; it is expected that this 
activity will be of considerable benefit 
to both participants. 

Mr. Wm. C. Stewart has been ap- 
pointed the Committee E-9 representa- 
tive on the Committee on Corrosion 


_ * Presented at the Fifty-second Annual Meeting of the 
Society, June 27-July 1, 1949. ——— ae 
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Fatigue of the National Association of 
Corrosion Engineers. 

A Papers Review Committee has been 
appointed consisting of the following 
members: J. A. Bennett, C. J. Code, F. 
M. Howell, J. N. Kenyon, D. G. 
Richards, W. C. Stewart, and H. H. 
Zurburg. To date seven potential 
A.S.T.M. papers have been reviewed by 
this committee. These will form the 
basis of a Session on Fatigue at the 1949 
Annual Meeting of the Society. A 
similar Session on Fatigue is scheduled 
at the Pacific Area National Meeting 
to be held in San Francisco, Calif., in 
October, 1949. 

In the past the following surveys have 
been undertaken: (1) Listing of current 
projects dealing with fatigue of engineer- 
ing materials; and (2) listing of subjects 
in the fatigue field where information 
is needed. These surveys have not been 
kept up to date due to the large amount 
of time required for the preparation of 
the Manual on Fatigue Testing, but itis 
planned to review the surveys during the 
coming year. 


This report has been submitted to 
letter ballot of the main committee which 
consists of 34 members; 19 members re 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf 0! 
the committee, 
R. E. PETERSO®, 
Chairman. 
O. J. Horcer, 
Secretary. 
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APPENDIX 


REPORT OF SUBCOMMITTEE ON RESEARCH! 


This report comprises a number of 
hort paragraphs on several significant 
atures of present-day fatigue testing. 
here is no pretense of an exhaustive 
tudy of the field nor anything approach- 
ng a complete list of references. 

In the early days of the study of the 


fatigue of metals, say about up to the 


tun of the century, the mechanical 
strength of metals under repeated stress 
was about the only phase of the problem 
studied, and a “‘true” elastic limit was 
supposed to be the limiting strength of 
any metal. The metal was supposed to 
“crystallize” under stresses above that 
strength. However, in the mid-nineties 
the work of Ewing, Rosenhain, and 
Humfrey (1)* showed that the formation 
of slip lines and of shear-like sliding 
were of prime importance as a phenom- 
chon preceding, but not always followed 
by, the development of spreading cracks 
o fracture. Since about 1925 studies of 
the space lattice structure within crys- 
talline grains, and the behavior of metal 
at the atomic level were recognized as 
important factors in the problem, to- 
gether with some chemical factors. 
Today the yearly publication of data 
of hundreds of fatigue tests and of a 
are number of metallurgical, atomic, 
and mechanical-strength tests have so 
increased the volume ‘of available litera- 
lure that no one man can be familiar 
with the whole field of fatigue-of metals. 
However, it is hoped that the discussion 
of the tests and the references given in 
this report will be of value. 
_The recent study of fatigue problems 
‘as emphasized the fact that our con- 


ip. 

mittee on Reseaychy F. Moore, Chairman of E-9 Subcom- 

list of ¢ boldface numbers in parentheses refer to the 
telerences appended to this report, see p. 531. 


ventional methods of computing stress, 
strains, and energies in stressed material 
are based on the assumption of homo- 
geneity in the metal. The microscopes of 
Ewing, Rosenhain, and Humfrey (1) 
and other metallurgists long ago showed 
us that this is not the case, and we have 
found that Hooke’s law is approximate 
and has definite limits of usefulness in 
stress analysis. We are fast coming to 
regard the results of conventional stress 
analysis as statistical in nature, based 
on probability rather than on rigidly true 
facts (2). This does not mean that we 
have abandoned the conventional formu- 
las for computing stress, strain, and 
strain energy, but that we regard them 
as having, on the whole, proved reliable 


for general use as a basis for design, es-_ 


pecially as they nearly always give re- 
sults on the safe side, as shown by tests. 
The good old engineering principle of 
using the best tools available, even if 
they are imperfect, extends to the meth- 


ods of computation of the probable 


strength of materials. 


The Crystalline Mechanism of Fatigue 


Fracture: 


Assuming that stress may be consid- 
ered as the dominant dangerous agent, 
the present-day view of the progress of 
repeated stress damage and final frac- 
ture of a specimen or of a machine part 
follows, in general, the picture given by 
Ewing, Rosenhain, and Humfrey (1). 
The first change noted in the common 


stress-carrying metals is a change on a 


microscopic scale. There appear series 
of lines (called “slip lines”) across crys- 
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talline grains of the metal. These seem 
to extend in various random directions, 
but studies of the atomic structure of 
such grains show that slip lines follow 
along one or more of a limited number 
of crystallographic planes, and that the 
particular plane in a crystalline grain 
on which the slip lines appear is that 
atomic plane along which the shearing 
component of the applied stress is a 
maximum for that grain. 

As cycles of stress continue to be ap- 
plied, the slip lines widen, and, if the 
stress continues sufficiently great at each 
cycle, a very definite crack opens. Ten- 
sile and compressive stresses (“micro” 
stresses) with components at right angles 
to the slip lines cause fragmentation of 
very small particles and the crack tends 
to continue to spread, finally causing 
fracture. If the crack in its spread en- 
counters a highly resistant arrangement 
of crystalline grains, with such orienta- 
tion of slip planes as make the further 
spread of the crack difficult, the crack 
may be stopped before fracture. A very 
few such cases of stopping a spreading 
crack have been observed, but the 
probability of stopping a fatigue crack 
weil underway was seen to be negligible, 
unless some other crack in another loca- 
tion of the specimen or part starts and 
grows faster than the first crack. Such a 
phenomenon has been observed, but is 
not common. 

In a good many observed cases, fatigue 
cracks take their initial direction along 
a slip plane, but the stresses at the end 
of the crack are greatly intensified, and 
the crack as it spreads tends to change 
its course to a direction at right angles 
to the principal tensile stress in the im- 
mediate vicinity of the point of the 
initiation of the crack, and the final 
direction is generally approximately at 
right angles to the principal tensile 
stress (Note). 
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Note.—Under cycles of compressive force 
the course of the crack is less well known. Higher 
compressive force is required to develop a crack 
than is required under corresponding cycles of 
tensile force. Under cycles of non-reversed stress 
either tensile or compressive, a crack near| 
always develops under a stress above the yield 
strength of the metal, and under succeeding 
cycles of imperfectly elastic action, localize 
tensile stress may be developed in a region of 
nominally compressive stress. If the specimen 
is small or thin, buckling may take place under 


Wheel Load 


The crack was caused by eccentric wheel loads, pro 
bably in curved track. The crack is in a region of nomi- 
nal compressive stress. 

Fig. 1.—Crack at Junction of Head of a Railroad 
Rail. 


compression, with a resulting tensile stress 01 
the convex side. During cycles of compression 
there may occur shearing slip along slip planes 
within a crystalline grain, fragmentation 0 
particles along the slip planes as the compressive 
load is applied, and setting up of tensile stress 
and opening of cracks upon release of the com- 
pressive load. The relative significance of thee 
three potentially damaging actions is still « 
matter of lively debate. 
It is to be remembered that when con- 
h 
sidering the entire stress pattern of the 
specimen or the machine part, the three 
principal stresses and the resulting diag 
onal shearing stresses must be considered. 
Except under triaxial stress with # 
three principal stresses equal in magn 
tude and all either tension or compre 
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jon, there is always shearing stress 
present. The question of the importance 
of the shearing stress is still a subject of 
debate. 

The problem of the starting and spread 
of a fatigue crack in a region in which 
the maximum principal stress would be 
compressive, if the material remained 
dastic throughout, has been raised by 
failures in service of railroad rails (3) 
in which a longitudinal crack develops 
at the junction of head and web of rail 
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suming. If only a few parts are tested 
the S-N diagram is distinctly less reliable 
as a guide for design. 

Another limitation of full-size fatigue 
tests is met in such tests as proving 
ground tests, in which an assembled 
machine is subjected to a period of hard 
service, and, if it stands this period of 
abnormally hard service satisfactorily, it 
is assumed that it will be satisfactory 
under ordinary service for a long lime, 
involving very many cycles of relatively 
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Cycles of Stress For Fracture 
Steel A shows the higher strength up to about 50,000 cycles of stress. 


Steel B shows the higher strength above 50,000 cycles of stress. Short-time repeated-stress tests of two metals 
ate not reliable as a measure of their respective strengths under long-time service. 


Fig. 2.—S-N Diagrams for Two Different Steels. 


under an eccentric wheel load which 


light stress. Now it has been found from 
tends to produce compression in this 


tests of specimens that it is not at all © 
region (Fig. 1). This condition is most certain that specimens which resist 
requently found on curved railroad successfully a few cycles of high stress 
track will show satisfactory endurance under — 
a very large number of cycles of low 
stress. Sometimes the S-N diagrams 
of two metals cross, as is shown in 
Fig. 2 in which metal A shows the 
greater endurance under cycles of high 
stress and metal #8 under cycles of low 
stress. 

One limitation of the usefulness of 
fatigue tests with small prepared speci- — 
mens is the difference in surface condi- — 
tions between such specimens and full- 


im Fatigue Strength of Full-size Struc- 
‘ural or Machine Parts be Predicted from 
lest Results of Small Specimens? 


$ question is still under lively dis- 
n (4). It is obvious that the ideal 
id of fatigue tests would be to 
€ tests on full-size parts, with their 
tural surface conditions. However, 
‘cially for large parts or for assembled 
Ines, this would be extremely ex- 


ve and, what is worse, time-con- 


size parts. In some cases the surface 
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conditions can be made very nearly the 
same, and this should be done if the 
test results are to be used as a basis for 
design. A second limitation is the “size 
effect” which is not fully understood, but, 
in some metals causes large specimens to 
fail under lower calculated stress ranges 
than those which small specimens will 
withstand. A third limitation of labora- 
tory tests is the difficulty of reproducing 
in small specimens the same load pattern 


70000 


elongation at fracture in a tension test 
may show high resistance and good 
length of “life.” Cast iron has been use 
for crankshafts, and high-carbon stee 
hardened shows high values of endurance 
limit for very large numbers of cycle 
of stress, if no occasional cycles of ab. 
normally high stress are allowed | 
occur. 

However, the use of brittle metals 
not advisable if occasional cycles 
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These diagrams are for two precision cast specimens of high-temperature-resistant alloys and were tested ‘ 
F. Note the downward slope of the diagrams at 100,000,000 cycles of stress. 


Fig. 3.—Two Typical S-N Diagrams from the Test Results of Toolin and Mochel. 


as that found in the full-size part under 
service conditions. Then there is the 
difficulty of predicting the shape of the 
S-N diagram for stresses above the 
endurance limit for indefinitely long 
endurance. This part of the diagram 
may be different for the full-size part 
from what it is in the small specimen. 
In many structural parts, such as bridge 
members and railroad rails, and in some 
machines which are only rarely sub- 
jected to their maximum load this upper 
part of the S-N diagram is of more im- 
portance than the endurance limit for 
indefinite “life.” 


Briltileness and Fatigue of Metals: 


It has been found that when subjected 
to cycles of repeated stress of constant 
range of siress, metal which shows little 


Cycles of Reversed Bending Stress 
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high stress do occur, as is the case | 
railroad rails. Rail steel is fairly hig! 
carbon steel, but it is used after slo 
cooling, and then has from 7 to 9 p 
cent elongation in the tension test. 
It has been found (5) that with dee 
carburization and hardening of stee 
the fatigue test results on specimen 
showed very high values of stress, bu 
in a tension test the specimens showe 
less than 1 per cent elongation. Brittl 
ness is to be avoided in metal which! 
to be subjected to cycles of repeat 
stress unless it is reasonably certain tha 
the part will m9 be subjected to oc 
sional cycles of very high stress. This! 
the case with coil springs with posit 
stops to limit deflection, and steel {0 


such springs does not require 4 larg 
elongation in the tension test. 
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stigue Strength at Elevated Temperature: 


The development of the gas turbine 
3 added emphasis to the demand for 
etals which under repeated stress will 
ithstand temperatures up to 1500 F., 
reven higher. A considerable amount of 
tigue testing has been done at tempera- 
res as high as 1500 F. (6). 


Smin/Smax'? 
(b) 


Smin/Smax 
(a) 


Number of Cycles of Stress - 


— 
— 


of Cycles of 


—— 


j Number of Cycles of Stress - 


Maximum stress (Smaz) is shown as the same for each spectrum. 
Fig. 4.—Various Spectrums of Cyclic Stress. 


Some years ago at the University of 
Illinois, fatigue tests under cycles of 
reversed stress at a temperature of 1200 
f. were made on specimens of S.A.E. 
120 plain carbon steel. Tests were 
made at 300 cycles per minute and at 
500 cycles per minute. The ordinary 
SV diagram showed that under 300 
‘yeles per minute the number of cycles 
of stress necessary for fracture at a 
given stress was much smaller than 
the number of cycles necessary at 2500 
‘ycles per minute. However, if the test 
‘iagram was plotted with stress at 
‘dinates and duration of test in hours 
S abscissas the same curve fitted both 
‘he test results for the tests at 300 cycles 
et minute and those for 2500 cycles per 
ninute. This coincidence in the test results 
‘ir carbon steel at 1200 F.. are not be- 
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lieved to be of much significance. Some 
tests of fatigue of lead strip under re- 
versed bending which have been made 
at the University of Illinois indicate 
that, for this very soft metal, as the 
frequency of cycles of stress increases 
the number of cycles necessary for 
fracture increases, but the elapsed lime 


s +05 -05 


min/Smax 
(c) 


Smin/Smox* 
(d) 


for completing a test decreases as the 
frequency of cycles increases. 

It seems probable that, at tempera- 
tures which would cause creep in the 
metal, creep is present as a factor during 
a repeated-stress test. The creep occurs 
only during a portion of the time occu- 
pied by a cycle of stress. The number 
of cycles of stress is a most significant 
factor in determining fatigue life, while 
under creep time is the corresponding 
factor. Under a combination of repeated 
cycles of stress and creep a complex 
rate of damage is set up, which de- 
mands attention. Under high tempera- 
tures the frequency of cycles of stress 
becomes a major factor, while below 
creep temperatures it is usually a minor 
factor. Under ordinary room tempera- 
tures the common ferrous stress-carrying 
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metals do not show much difference in 
the endurance limit for frequencies of 
stress cycle varying from a few hundred 
up to 5000 per minute. 

The influence of creep during fatigue 
tests of metals at high temperature are 
also shown in the very extensive tests 
made by Toolin and Mochel (6). Their 
fatigue tests were run at a speed of 
7200 cycles per minute and at tempera- 
tures of 1200 and 1500 F. (Fig. 3). 
Now in fatigue tests of ferrous metals 
the S-N diagram usually “flattens out” 
to a horizontal line as the number of 
cycles of stress becomes very large, 
while in a creep-test-to-fracture the log 
stress-log time diagram is usually a 
straight line sloping downward. Nearly 
all the Toolin-Mochel S-N diagrams 
show a flattening out, but a flattening 
out to a downward inclined line. 


Fatigue Under a “Spectrum” of Repeated 
Stress Patlerns: 


In laboratory fatigue tests, specimens 
are usually subjected to cycles of stress 
with a constant amplitude and a con- 
stant ratio of minimum to maximum 
stress. This is rarely the case in machine 
parts. Figures 4(a) to (d), inclusive, il- 
lustrates common laboratory ‘“‘spec- 
trums” of stress, and Figs. 4(e) to (i), 
inclusive, illustrates a number of spec- 
trums in which either the amplitude or 
the ratio of minimum to maximum stress 
varies. Obviously the number of possible 
“spectrums” of stress is indefinitely 
large, and all research which seems pos- 
sible is the investigation of a limited 
number of such spectrums, choosing 
spectrums which seem to most nearly 
imitate spectrums which may be ap- 
plied to machine parts in service. Some 
such tests have been made and reported 
(7) and interest in this matter is quite 
keen among students of fatigue of 
metals. 

Figure 4(7) represents, not so much a 
“spectrum” as a stress record of a 


type sometimes found in airplane Wings 
in flight. No well-defined cycle of te. 
peated stress can be readily selected as 


representative of such a complex stress 
history. 


Residual Stresses and Their Importance: 


In many machine and structural parts 
there are present residual (locked-in 
stresses in various locations. These 
residual stresses may have been caused 
by ordinary or extraordinary loading 
heat treatment, welding, temperature 
changes, rapid cooling, hot rolling or 
forging, cold rolling or drawing, cold 
hammering or shot peening, or machin- 
ing and polishing. These stresses are in 
some locations tensile stresses and in 
other locations compressive, and there 
are nearly always shearing residual 
stresses present. Throughout the piece 
the tensile forces must balance the con- 
pressive forces. This balance depends 
on the relative intensity of tensile and 
compressive stresses and on the area 
over which each acts. 

Compressive residual stresses usually 
add to the fatigue strength, since they 
tend to offset destructive applied tensil 
stress and to reduce slipping action 
under applied shearing stress. Tensile 
residual stresses tend to weaken the 
metal at the location where they exist. 

Residual stresses may be partially ot 
wholly removed by heating slightly below 
the critical temperature of a metal, of 
by applications of repeated stress some: 
what above half the stress at the yield 
strength of the metal (8). 

The problem of setting up beneficial 
residual stresses and of causing the 
accompanying injurious residual stresses 
to locate in localities where the applied 
stresses are low is of considerable i 
terest today. The earlier practice was 
treat all residual stresses as undesirable 
and to get rid of them as thoroughly # 
possible. However, today, faced with the 
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growing necessity of taking advantage of 
all means of strengthening machine and 
structural parts, the utilizing of bene- 
fcial residual stresses is of considera- 
ble importance, as is the locating of 
injurious residual stresses in those loca- 
tions where they will do the least harm. 


Effect of Surface Condition on Fatigue 
Strength: 


It is natural to think of the surface 
of a machine part as containing the 
area of greatest weakness, since our 
methods of stress analysis indicate that 
the principal maximum stress is usually 
at the surface. However, the surface 
ofa part always has had some treatment 
different from that received by the 
metal below it. The cooling rate of the 
surface of a casting is different from that 
of the metal below it. If the surface is 
fnished by machining, grinding, or 
polishing there are contradictory effects 
on its strength. Rough machining tends 
to tear up the surface and leave shallow 
but sharp scratches which tend to act 
as stress raisers. Fine machining does 
less damage by making scratches, and 
usually does some slight beneficial cold 
working. Grinding leaves a relatively 
smooth surface, and may do a little 
cold working. Polishing smooths out 
scratches and does quite a bit of shallow 
wold working, so that by quite common 
methods of surface finishing the surface 
ofamachine part may be either strength- 
ened or weakened in comparison with 
the metal below it, depending on the 
surface finishing process used. 

_ Carburizing, nitriding, surface harden- 
ng, cold rolling or drawing, cold ham- 
“ering, and shot peening are processes 
which set up a surface zone of strength- 
ened zone of strengthened metal. They 
may also set up injurious stresses within 
“s metal, and the techniques of sur- 
ace treatment are many and of various 
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effectiveness. The critical layer of metal 
may be moved from the surface to the 
junction of the strengthened layer with 
the base metal. The problems of surface 
treatment are many and are of marked 


importance today. 


The use of large capacity machines 
for making fatigue tests is rather steadily 
spreading. The simplest type of large 
fatigue testing machine is the single 
lever type as used by Templin at the 
Aluminum Research Laboratories and 
by W. M. Wilson at the University of 
Illinois. Machines of this type have been 
built with a capacity of 100,000 lb. 
pull or push, and a number of machines 
of +50,000 lb. capacity are in service. 

The Amsler pulsator type of machine 
is in use in at least one laboratory in 
this country, with a capacity of +200,000 
lb. Both of these types of machines run 
at relatively slow speeds, about 175 
cycles per minute for the single-lever 
machines, and about 200 to 300 cycles 
per minute for the Amsler pulsator. 

Several large rotating-beam machines 
are used by Horger at the Timken labora- 
tories. Some of these can test shafts 11 
in. in diameter. They run at fairly high 
speed and the specimen is artificially 
cooled. They are limited to tests under 
cycles of reversed bending stress. 

Large fatigue testing machines which — 
operate by resonance of push-pull forces 
set up by small rotating eccentric 
weights or by electromagnetic vibrators 
can attain high frequency of cycles of 
stress with accompanying reduction of 
the time required for a test, and they 
require low-powered motors to drive 
them, but they require an elaborate set 
of controls to maintain resonance as the 
elastic action changes or a fatigue crack 
starts to spread. These machines are 
very expensive. Several large machines 
of this type are in use in this country. 


Fatigue Testing Machines: 
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Another limitation of the use of tests 
_ of large specimens is the expense of the 
specimens and the increased cost of 
_making tests of large specimens. With 
small specimens one man can run tests 
on several machines, but with large 
specimens several men are required to 
set up the specimen in the machine and 
_ to remove broken specimens. 

Large machines in use for special 
tests of special parts include a large 
number of machines for testing springs. 

These machines range in capacity from 
a few pounds for testing small springs 
to several tons for testing large flat and 
coil springs. ‘“Rolling-load Machines” 
for fatigue tests on full-section speci- 
_ mens of railroad rails are in use at the 
University of Illinois and at several 
railroad laboratories and at least one 
welding laboratory. 

Small fatigue testing machines of the 
vibratory type are in wide use. The ro- 
tating-beam machines are easy to handle 
and subject specimens to a constant 
bending moment, but they cannot read- 
ily be used to test specimens under any 
other cycle than that of reversed bend- 
ing. Vibratory machines can be used for 
non-reversed cycles of stress. With a 
simple attachment, repeated torsion 
tests can be made on a vibratory fatigue 

machine. Some vibratory machines use 
eccentric rotating weights to set up 
the bending moment; these machines 
run at very nearly a constant range of 
bending. Other types depend on the 
deflection of the specimen itself or of a 
spring attached to the specimen for 
measurement of moment. The deflection 
indicator has to be watched at intervals 
during a test to make sure that the 
moment does not vary seriously as the 
test proceeds. 

Fatigue machines for tests under high 
temperature and machines for tests under 
low temperature are found in a number 
of laboratories. Special torsion machines, 
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some of them of large size, are in quite 
common use, and small tension-com- 
pression (push-pull) machines for test- 
ing small specimens in repeated axial 
stress are quite common, as are special 
rotating-beam testing machines for wire 
in which the wire is rotated while 
buckled into an elastic curve and thus 
subjected to cycles of reversed bending 
stress. 


Short-Time Tests for Fatigue Strength: 


A fatigue test which requires but a 
short time to make and which will pre- 
dict with a good degree of accuracy 
limiting stresses for long-time service 
is still desirable, and unattained. In its 
beginning stages a spreading fatigue 
crack does not seem to effect elastic 
strength, temperature, elastic resistance, 
or tensile strength to a sufficient degree 
to be useful as a prediction of long-time 
fatigue strength. 

The spreading crack can be first de- 
tected under a magnifying glass only 
when fracture is imminent, and under a 
high-powered microscope it is difficult to 
detect the difference between grain 
boundaries and fine cracks in their early 
stages. Slip lines can be detected fairly 
early in the course of a fatigue test, 
but while cracks usually begin in re- 
gions of shearing slip, not all regions of 
shearing slip develop cracks. 

Possibilities have been suggested of 
using some effect on the damping of 
fatigue specimens when vibrated after 2 
relatively short period of cycles of te 
peated stress. Is the rate of dying out 
of free vibrations in a specimen altered 
during the early stages of a fatigue test, 
and is that alteration reliable and useful 
as a basis of estimation of the endurance 
limit? Along the same line we may ask 
would the number of cycles for fractut® 
of a specimen under a relatively few 
cycles of a high stress following, 
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criterion for the endurance limit? 
Fatigue fracture is a highly localized 
phenomenon; the results of fatigue 
tests have “statistical” rather than 
definite values; at elevated temperatures 
repeated stress is accompanied by 
“creep” of the metal. Tests of full size 
machine parts are desirable, but the 
cost and time required for testing a 
suficient number of large specimens to 
get thoroughly reliable results limits 
the scope of full-time testing. Fatigue 
, tests of prepared small specimens give 
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100,000 cycles of a low stress, be any 


results which, before using them as eo) 


basis for design, should be modified by 
considering surface finish, size and shape 
of specimen, range of stress during a 
cycle, residual stresses, and the probable 
load and moment pattern which the 
piece will have to withstand in service 
and possibly other factors. 


Respectfully submitted on behalf of — 
the subcommittee, 


H. F. Moore, 
Chairman. 
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REPORT OF COMMITTEE E-11 
ON 


_AS.T.M. 


other 


QUALITY CONTROL OF MATERIALS* 


Committee E-11 on Quality Control of 
Materials, which was organized in June 


_ 1946, to promote the knowledge of 


statistical quality control methods and 
their application to specifications and 
methods of test, has at the request of 
technical committees of the 
Society, given assistance and guidance in 
standardization problems of a statistical 
nature. The activities of the committee 
have been aimed at preparing a series of 
sections of an A.S.T.M. Manual on 
Quality Control of Materials presenting 
discussions on statistical quality control 
methods of direct application to A.S.T.M. 
standardization activities. 

Copies of the Symposium on Use- 


fulness and Limitations of Samples! 


sponsored by Committee E-11 last year, 
have been sent to the officers of other 
technical committees. Con- 
siderable interest in this symposium has 
been expressed by some of the com- 
mittees. 

The present officers of the committee 
have been re-elected for the ensuing term 
of two years. Messrs. W. E. Deming, 
J. H. Curtiss, and Grant Wernimont 
were elected to the Advisory Committee. 

Revisions of the Tentative Recom- 
mended Practices for Designating Sig- 
nificant Places in Specified Limiting 
Values (E29-48T) have been pre- 
pared and are out to letter ballot of the 
committee. These will be presented to 
the Administrative Committee on Stand- 
ards in the near future.” 


* Presented at the Fifty-second Annual Meeting of the 
Society, June 27-July 1, 1949. 
1 Issued as a separate publication, December, 1948. 
2 See Editorial Note p. 533. 


ACTIVITIES OF TASK Groups | 


The work of task groups preparing 
Sections 1, 2, and 3 of the new A.S.T.M 
Manual on Quality Control of Material 
is nearing completion. It is expected that 
publication may be possible during th 
latter part of this year. This work is a 
revision and enlargement of the A.S.T.M. 
Manual on Presentation of Data. 

A recommended practice for con- 
ducting interlaboratory studies of test 
methods is in the course of preparation 
It is expected that this practice will give 
specific recommendations for the plan- 
ning, collection, and interpretation of 
data collected in interlaboratory trials 
sponsored by A.S.T.M. committees for 
standardization. 

Other subjects being studied by or 
ganized task groups include a survey of 
sampling plans used in A.S.T.M. stand: 
ards and tentatives to disclose the 
variety and types of materials in such 
manner as to make statistical evaluation 
of these plans possible. A brief presenta- 
tion on the distribution of averages 
samples of size “n’” from a known dis 
tribution is being prepared. 

A paper on “Sampling of Bulk Mé 
terials,”* by Louis Tanner and W. E 
Deming, will be presented on June 2), 
during the 1949 Annual Meeting of the 
Society in Atlantic City, N. J. 

Task groups have been authorized 
the sampling of bulk materials, 00 the 
smoothing of empirical data, and 1 
study problems connected with the 


3 See p. 1181. 
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533 
of words “precision,” “accuracy,” and Respectfully submitted on behalf of 
allied terms. These groups are now the committee, 
being organized. 

This report has been submitted to Dooce, 
letter ballot of the committee, which Chairman. 


consists of 20 members; 18 members re- 
turned their ballots, all of whom have OQ. P. Beckwitu, 
voted affirmatively. Secretary. 


Epiror1taL Note 


Subsequent to the Annual Meeting, Committee E-11 presented to the So- 
ciety through the Administrative Committee on Standards the recommenda- 
tion that the Tentative Recommended Practices for Designating Significant 
Places in Specified Limiting Values (E 29-48 T) be revised. This recommen- 
dation was accepted by the Standards Committee on September 22, 1949, and 
the revised tentative recommended practices appear in the 1949 Book of A. 
S.T.M. Standards, Parts 1, 2, 3, 4, 5 and 6. 
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Many technical committees of the 
_ Society have an interest in various phases 
of appearance properties of engineering 
materials. Recognition of the need for a 
central coordinating agency to whom all 
of the other technical committees might 

turn for expert advice on the subject has 
ed to the authorization of Committee 
-E-12 on Appearance by the Board of 

Directors. 

Committee E-12 held an organization 
meeting on September 14, 1948, at 
Society Headquarters, Philadelphia, Pa. 
An Organization Subcommittee, ap- 
- pointed at this first meeting to develop a 
‘program of work, held meetings on 
September 14, 1948, and January 28, 
1949. A second meeting of Committee 
_E-12 was held in Chicago, IIl., on March 
1949, 

The committee now consists of 49 
members. In view of the fact that this 
committee will be primarily concerned 
with appearance problems which arise 
in other technical committees, it is 
hoped that along with increased activity 
there will be an increase in representa- 
tion from these committees. 

The following officers 
elected: 

Chairman, M. Rea Paul 

Vice-Chairman, R. C. Adams 

Secretary, Daniel Smith 


have been 


The following is a statement of scope 
covering the activities of the committee: 


* Presented at the Fifty-second Annual Meeting of the 
Society, June 27 - July 1, 1949. 


x REPORT OF COMMITTEE 
ON 


APPEARANCE* | 


E-12 


Scope.—To improve and develop methods for 
describing and evaluating the appearance prop- 
erties (such as color, gloss, opacity, and texture) 
of engineering materials by: 

1. Formulating terms and definitions gener- 
ally applicable for describing the appearance of 
engineering materials. 

2. Developing, or coordinating with technical 
committees the development of, standard meth- 
ods of measurement of fundamental and general 
appearance properties. 

3. Assisting the technical committees to im- 
prove appearance tests by advice and sugges- 
tions. 

4. Reviewing and recommending approval ot 
revision of all A.S.T.M. standards, existing or 
proposed, involving appearance factors. 

5. Serving, with the approval of the Board of 
Directors, as liaison agent between the Society 
and other organizations in matters concerned 
with factors of appearance. 


Three subcommittees are being or 
ganized to implement the work of the 
committee. The scopes of these sub- 
committees and the chairmen appointed 
are as follows: 

Subcommiltee I on Definitions (XK. 
S. Hunter, chairman): 

1. Prepare definitions of the terms and 
nomenclature for appearance factors which are 
used in Society standards and publications. 

2. Coordinate such definitions as necessary 
with other technical committees and organiza 
tions either through the Advisory Subcommittee 
or by its direction, 


Subcommittee II on Review (J. 4 
Calbeck, chairman): 

1. Review new material offered to the Society 
which deals with appearance factors and recom 
mend (a) revision, (b) coordination with existing 
standards (c) additional test work (possibly 
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cooperation with Committee E-12), or (d) 
publication as submitted. 

2. Review all present standards and tenta- 
tives for appearance factors requiring definition, 
coordination, new test methods, or improvement 
of present methods. 


Subcommiltee III on Methods (F. 


C. Schmutz, chairman): 


1. Develop standard methods for measure- 
ment of appearance properties of engineering 
materials including: definition of the principle of 
measurement, evaluation of existing instruments, 
or design of new instruments. 

2. Cooperate with other technical’committees 
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in the development of methods involving appear- 
ance properties to improve the present methods, 
to provide methods for new needs, and to coordi- 
nate existing methods which are to any extent 
duplicates. 

3. Conduct or arrange for cooperative tests, 
if needed, to establish the reliability or applica- 
bility of apparatus and methods. 


Respectfully submitted on behalf of 
the committee, 


 M. Rea Paul, 
Chairman. 
DANIEL 


Secretary. 
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EDGAR MARBURG LECTURE 


Tas puRPOSE of the Edgar 
Marburg Lecture is to have described at the Annual Meet- 
ings of the American Society for Testing Materials, by lead- 
ers in their respective fields, outstanding developments in 
the promotion of knowledge of engineering materials. 
Established as a means of emphasizing the importance of 
promoting knowledge of materials, the Lecture honors and 
perpetuates the memory of Edgar Marburg, first Secretary 

of the Society. 
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It is just 35 years since Prof. E. Heyn, A crude example of this mechanism by 
then of the Royal Technical Institute, which residual stresses are formed would 
Charlottenburg, and Director of the be the case of an inserted die (Fig. 1). 
Royal Prussian Institute for Testing Ma- Here, if we regard the duplex assembly as 
terials, Berlin, Lichterfelde delivered the a continuous whole, we can _ readily 
May Lecture before the British Institute appreciate that the oversize insert or nib 
of Metals. His lecture (1)* was the first when pressed into the undersize collar 
comprehensive review of the subject of — will be accomplished by a mutual adjust- 
residual stresses in metals. The present ment in shape: the nib will shrink and the 
lecture will be in the nature of a progress collar will expand. These strains will 
report made one generation after this develop residual stresses in the assembly. 
pioneer work. The audience may judge In the tangential direction, for example, 


for itself whether this past generation the collar, being stretched, will be under 
has contributed a full share toour present tension, and the insert, being com- 


By Marsi BALpwin, JR? 


understanding of the subject. pressed, will be under compression. 
Residual stresses refer to a system of A similar example is the case of a metal 


stresses that exists in a body free from in which a second phase has been pre- 
external force or restraint. If isolated cipitated. If the precipitated phase occu- 
mismatching portions of a body are pies more volume than the parent metal 
assembled and forced into a continuous from which it sprung, it, in the manner of 
whole, each portion must accomodate the oversize nib of the die, will create 
itself into a compatible shape through (among other stresses) tangential tensile 
mutual reaction with its partners. This _ stresses in the enveloping matrix (Fig. 2). 
accomodation is accomplished by strain. The mismatching of various regions of 
And this strain induces the stress system a metal part responsible for residual 
we call residual stresses. The relationship stresses can be more subtle, however, 
between the stresses and strains, inci- than that existing between two parts or 
dentally, is elastic, for if at any point the phases. Mismatching can occur within a 
body were plastic it would yield to the single homogeneous piece of metal. The 
extent that the stress-strain relationship case of a cooling hot ingot is an example 
at that point would subside into the (Fig. 3). The edges of such a slab pre- 
elastic range. sumably cool faster than the center. The 
—_— thermal contraction associated with this 

drop in temperature gives rise to a mis- 


Meeting of the Societ ic Ci ’ 
Society, Atlantic City, N. J. match between the edges and center of 
Professor, Case Institute of Technology, 8 
"The boldface numbers h fer to the | the ingot which would result in longi- 
umbers in parent efer to the list i 
of references appended to this paper, seep. 381... ‘tensile stresses (among other 
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stresses) in the edges and longitudinal 
compressive stresses in the center (Fig. 
3(b)). The low yield strength of the hot 
center, however, cannot withstand the 
action of the compressive stresses and 
the center shrinks plastically. When the 
center of the bar finally cools and con- 
tracts, the total contraction will be 
greater than that suffered by the outer 


Fic. 1. 
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sarily be caused by thermal effects but 
may arise when simply mechanically 
induced, by such means as extrusion, 
bending, and so on. 

Timoshenko (2) indicates the general 
method by which residual stresses may 
be calculated. In essence the residual 
stress distribution is given by the 
difference in stress distributions calcu- 


An Inserted Die in Which the Outer Ring is Shrunk onto the Inner Nib. The natural mis- 


- match between the two creates tensile hoop stresses in the outer ring and compressive hoop 
stresses in the inner ring. 


skin, since the center shrunk some by 
plastic flow in addition to contracting 
during cooling. The center will then be in 
tension and the edges will be in com- 
pression. These stresses will be main- 
tained because the metal is now cold 
throughout the ingot and the yield 
strength is high. 

The residual stresses in the above case 
arose from inhomogeneous plastic de- 
formation of the metal throughout the 
bar. Such deformation need not neces- 


lated from the strain distribution in the 
metal using both the plastic and elastic 
stress-strain relationship for the metal 
in question (3).4 Except in the simplest 
cases this procedure is beyond our power 
at the present time. One such simple case 
(4) is given here as an example, however. 

1. A prismatic bar (Fig. 4(a)) is sub- 
jected to a bending moment constant 
along the length of the bar. In reaction t0 

«Thus if the strain distribution is known the residus! 


stress pattern is derivable. The converse is not necessanly 
true. 
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/—An Interior “Microscopi¢” View of a Metal in Which a Relatively more Voluminous Phase 
has been Precipitated. 


The precipitate is put under compression and the surrounding matrix will suffer—among other stresses—tensile stress 
tuning circumferentially around the precipitate. 


\Y) 


Fic, 3.—C (a) “2 (d) 
* %—Crude Representation of How Residual Stresses Develop in A Cooling Hot Ingot. 
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_ this moment an internal stress field arises. 
As you may recall from elementary 
theory of beams, the internal stress will 
be tensile at one edge of the bar decreas- 
ing linearly in magnitude passing through 
zero at the neutral axis of the bar and 
increasing linearly toward a maximum 


(a) (b) 
Fic. 4.—Explanation of How Residual Stresses Can Develop as a Result of Cold Work. 


value of compression on the other edge 
_of the bar (Fig. 4(0)). 

2. Presume now that the prismatic bar, 
before this bending moment is applied, 
possesses internal stresses of the dis- 
_ tribution shown in Fig. 4(c). The applica- 
tion of the same bending moment as 
above gives rise to the same internal 
stresses reaction. The superposition of 
this reaction (Fig. 4(6)) on the initial 
internal ‘stress distribution will result in 


MEASUREMENT OF 


It is well to discuss first of all how 
residual stresses are measured, for it 
should be understood in the beginning 
that the methods of determining residual 
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the saw-toothed stress distribution shown 
in Fig. 4(d). 

3. The initial stress pattern in Fig, 
4(c) is in point of fact the stress distribu. 
tion that would exist in a prismatic bar 
subject to a bending moment that 
rendered the entire bar plastic (assuming 


(c) 


the metal evidenced no work harden- 
ing). The application of a bending 
moment equal in magnitude but opposite 
in direction has left the bar free from all 
external moments, and the saw-toothed 
stress distribution in Fig. 4(c) is thus the 
residual stress pattern that results upon 
bending a bar plastically and then with- 
drawing the moment that effected this 
action. Experimental studies (5, 6) 
the residual stresses in bent bars have 
corroborated this approach. 


RESIDUAL STRESS 


stresses are in most cases approximations 
(for reasons that will become apparent 
and the nature and magnitude of the 
inaccuracy introduced by such appro® 
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mative methods should be borne in mind 
when discussing the reported residual 
stress systems, found in metals that are 
cast, welded, heat treated, worked, etc. 

Residual stresses are never measured 
directly. No practical balance or manom- 
eter has ever been invented to do the job 
required. Residual stresses are measured 


that exist in a residually-stressed metal. 
The general method of revealing and 
measuring the strains in a residually- 
stressed body is to reverse the process by 
which they were created: to isolate re- 
gions of the continuous whole and ob- 
serve the resulting mismatch. A simple 
illustration of this general technique is 
the specialized method introduced by 
Bauer and Heyn (7). These gentlemen 
considered the case of a cylindrical rod 
Containing longitudinal residual stresses 
tensile in the outer hull of the rod and 
compressive in the core. Heyn (1) struck 
an analogy for this stress pattern (Fig. 
>): the tensile stresses in the outer layers 
of the rod could be thought of in terms of 
Stretched springs, the compressive 


__ Fic. 5.—Heyn’s Spring Analogy of his Residual Stress Determination Method. 
A cylinder is presumed to possess longitudinal residual stresses—tensile in its outer layers, compressive in the inner 
layers. If the outer layers are machined away, the central core, freed of restraint, will lengthen. 


instead indirectly through the strains 


stresses in the inner layers of the rod 6 
terms of bunched springs, both sets of | 
springs being fixed to crossheads at either 

end. The removal of the outer springs 
would allow the central bunched a 

to lengthen, and the amount of the ex- 
pansion would indicate the force in the 
outer springs which had restrained them 
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RESIDUAL STRESS 


(-) COMPRESSION «4>TENSION (+) 


ROD DIAMETER 


(a) (b) 


Fic. 6.—-Residual Stresses in a Rod. — 

A rod having a constant residual stress in an arbitrary ae 
case and core is shown in (a), while a rod having continu- 
ously changing residual stresses from surface to center is 
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Specifically, the expansion, de, = 


(where / is the length of the rod and dl, is 
the increase in length) of the central core, 
_ by Hooke’s law, is proportional to the 
stress, S,, relieved during expansion, 


that is, 


In turn, the product of this stress, S,, 
and the area, A, of the central core is the 
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_ Fic. 7.—Bauer and Heyn’s Residual Stress Deter- 


mination Method When Carried Out in a 
Succession of Small Steps Gives a Satis- 


factory Approximation to a Con- 


tinuously Changing Stress 
Distribution 
5 force which counterbalanced the force 
_of the removed skin: 
F core = A,Ede, = F xin 


~The force of the removed skin of course 
_ was the product of its area, dA; = Ay — 

A, (where Ap is the area of the original 
bar), and the average residual stress S; 
_ that existed within it, 


Fxin = SidA, 


Thus: 


_ Now it is intuitively obvious that in the 
general case there is no arbitrary “case” 
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or “core” of a rod each having a constant 
residual stress but that stresses will vary 
in a continuous manner from the skin of 
the bar to its center (Fig. 6). 

Bauer and Heyn’s method is still 
applicable in this instance, however. The 
residual stresses from surface to center 
can be approximated by removing a 
succession of thin layers from the rod, 
In each instance, the expansion (or con- 


A, Ede, 


So= Ao Ed€o 


de 
$= E( €) 


bine 
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Fic. 8.—Removing the First Layer of a Rod 
Shifts the Stress in the Remainder of 
the Bar (by an Amount 5;,). 

Thus if a second layer is removed and Eq. 1 of the text 
is applied, it would yield a stress, S2, that existed in the 
second layer in the original rod by an amount Sy. The 
shift in stress is uniform across the bar unless the shift 
carries the remaining residual stress into the plastic region. 
No treatment has been developed for these cases. 


traction) of the remaining portion of the 
rod will reveal the average stress that 
existed in the removed layer. If the 
layers are taken small enough, the aver- 
age residual stresses determined for each 
layer (and suitably corrected as noted in 
the following paragraph) will give a satis 
factory step-like approximation to the 
actual residual stress pattern (Fig. i), 

A complication arises, however, 
applying Eq. 1 to a succession of re 
movals. This will become immediately 
apparent: a single thin layer is removed 
from the rod; Eq. 1 is applied to deter 
mine the average residual stress in the 
removed layer; a second layer is removed 
from the rod; Eq. 1 is applied to deter 
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mine the average residual stress in the 
second removed layer; but the stress so 
determined will be the stress in the original 
bar in the second layer plus (or minus) 
the stress which was relieved throughout 
the remaining portion of the bar when the 
first layer was removed, that is, S, (Fig. 
8). Thus the stress in the second layer as 
it originally existed in the rod is given by 


As E dey 
dA, 


in which the first term of the right-hand 
side of the equation gives the stress in the 
second layer prior to its removal and the 
second term is the correction for stress 
relieved by the removal of the first layer. 
It should be realized that the second term 
in Eq. 2 should account for the stress 
relief effected by all removals prior to the 
removal to which the first term applies. 
Thus, if the twentieth removal is made 
and Eq. 2 is being applied, it would 
AnE 


appear as 4 


— E(de, + deg + +++ dey) . (3) 


If layers were removed in “differential 
sizes” Eq. 3 would read 


In practice, the equation can be applied 
in this form: finite layers are removed 
‘tom the rod; the total strain, e, existing 
after each removal is plotted as a func- 
lion of the area of the remaining rod; a 
‘moothed curve is drawn through the 
plotted points; the stress at any point in 
the tod is obtained by inserting A, ¢, and 
e/dA in Eq. 4, the first two quantities 

tead directly from the curve, the 


STRESSES IN METALS 545 
= = 


last being determined as the slope of the 
curve at the point in question (Fig. 9). 

This technique, attractive as it seems, 
is, however, only an approximation, and 
one which as we shall see has been shown 
in one experimental case to be in error by 
as much as 30 per cent! 
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Fic. 9.—Graphical Method for Determining the 
Residual Stress in a Rod by Bauer and 
Heyn’s Method. 

The total strain, e, existing after each removal is plot- 
ted as a function of the area of the remaining rod; a smo- 
othed curve is drawn through the plotted points; the stress 
at any point in the rod is obtained by inserting A, ¢, and 
de/dA in the equation shown in the graph. 


In the general case, for example, a 
cylindrical bar will not possess longitud- 
inal residual stresses alone but will con- 
tain circumferential stresses and radial 
stresses as well. These stresses can 
seriously affect the strain measurements 
made in Bauer and Heyn’s method. For 
the moment let us consider a cylindrical 
bar in which the outer hull is subjected 
to tangential tensile stresses alone and the 
core is reacting under ¢angential compres- 
sive stresses alone. In this instance, the 
core will suffer something of the same 
deformations as a well-corsetted lady— 
the tangential tensile stresses in the outer 
case serve to slim and lengthen the core. 
The removal of the outer case by machin- 
ing or other means will cause the core to 
relax—to expand and shorten. If now we 
presume a cylindrical bar to be subjected 


to tensile residual stress in both the 


| 
> 
| 
iat = de 
he S=E 
de ) | 
the 
Ie ‘ 
tely 
yved 
eter 
the 
oved 


546 


longitudinal and tangential directions in 
the outer case and to be subjected to 
‘compressive residual stresses in both the 
longitudinal and tangential directions, 
in the inner core, it will be seen that the 
~ removal of the outer case will cause the 
inner core: (a) to tend to lengthen be- 
‘cause of the release of the longitudinal 
restraint as in Heyn’s spring analogy 
and (b) to tend to shorten because of the 
release of the tangential (corsetting) 
“restraint. Thus the core will lengthen to a 
lesser extent when tensile tangential 
stresses are in the skin than when they 
are absent. Bauer and Heyn’s method by 
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Fic. 10.—Mesnager-Sachs Boring Out Method. 
Both changes in length and outside diameter are ob- 
served as layers are bored from interior wall. 


ignoring the /angential tensile stresses will 
thus underestimate the longitudinal ten- 
sile stresses. The reader can readily 
_ assemble simple combinations of spring 
and corset analogies to see that the 
arithmetic value of the longitudinal 
stress will be underestimated by Bauer 
and Heyn’s method when longitudinal 
and tangential stresses of like sign (ten- 
sion-tension or compression-compression) 
coexist in the same region—for example, 
the outer hull—whereas it will be over- 
estimated by this method when longi- 
tudinal and tangential stresses of 
opposite sign (tension-compression, or 
- compression-tension) coexist in the same 
region. 
The perturbations produced by the 
_ transverse stresses on the determination 
of longitudinal stresses by Bauer and 
Heyn’s method were early (1919) recog- 


EpGAR MARBURG LECTURE 


nized by Mesnager (8) who proposed the 
experimental methods and adduced the 
equations—now more popularly known 
under the name of the Sachs (9) boring. 
out method (1927)—necessary for the 
complete and accurate determination of 
all three residual stresses,—the longi- 
tudinal, the tangential, and the radial,— 
in circular cylindrical rods or bars. In 
this method it is assumed that all three 
stresses can exist. It is further assumed 
that the stresses do not vary along the 


LONGITUDINAL 
RESIDUAL STRESS, KG. PER MM. 


2 
CROSS-SECTIONAL AREA, SQ. CM. 


Fic. 11.—Comparison of Resicual Stresses in 
Quenched Steel Rod and Cold-Drawn Brass 
Rod as Determined by Bauer and 
Heyn’s Method (Shaded bars) and 


Mesnager’s Method (black 
bars) According to Porte- 
vin (10). 


length of the bar nor around the circum 
ference of the bar, but rather that the 
stresses vary only in the radial direction. 
These latter assumptions, although re 
strictive, are not unreasonable: bars or 
rods possessing residual stresses due to 
cold drawing, for example, would be er- 
pected to show uniform effects along the 
length of the bar because of the contin: 
ous or steady nature of the drawing 
operation; at the same time, because @ 
the rotational symmetry of the circular 
cross-section, it would be expected tha! 
there would be no variation around the 
circumference of the rod. 
Mesnager proposed the  ingemlou 
method. of boring out the center of 
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cylinder in a succession of small layers 
and measuring resultant changes in both 
the length and outside diameter after 
each bore (Fig. 10). 

Sachs showed that if the longitudinal 
strain, , and tangential strain, €, are 
assembled into the parameters 


A 


where w is Poisson’s ratio, the three 
residual stresses, longitudinal, s,, tan- 
gential, s:, and radial, s,, can be expressed 
by equations similar in form to Bauer 
and Heyn’s: 


+ 


+ HE 
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A 0 + A 
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| (5) 


The first term within the brackets on 
the right-hand side of the equations cor- 
responds to the stress relieved during 
removal of the 2th bore, the second term 
corresponds to the stress relieved by all 
previous cuts. This technique can be 
applied with equal ease to tubes as well as 
solid bars or rods. 

_Mesnager points out that similar equa- 
lions can be derived for an experimental 
method in which the outer diameter of 
the rod is machined off, the change in 
diameter of the bored-out hole being 
recorded. In this case the equations 
(using Sachs’ form) are ; 
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where A, is the cross-sectional area of 
bored hole. 

Comparison studies using both Bauer 
and Heyn’s method and the Mesnager- 
Sachs’ boring-out method have been 
made. Portevin (10) for example, used 
both methods to determine the longi- 
tudinal stresses in a drawn 60-40 brass 
rod (in which case, as we shall see, 
longitudinal and tangential stresses are 
both tensile in the outer hull of the rod— 
the radial stresses being small—and both 
compressive in the inner core of the rod— 
the radial stress in this case also being 
compressive) and in a quenched steel bar 
(in which case longitudinal and _tan- 
gential stresses are both compressive in 
the outer case of the bar—the radial 
stresses being small—and all three 
stresses tensile in the center of the bar), 
and finds in accordance with what was 
said above that Bauer and Heyn’s 
method leads to an underestimate of the 
stresses in the amount of 30 per cent 
under the conditions of his experiments 
(Fig. 11). 

Analogous methods of determining the 
residual stresses in objects where the 
residual stresses vary in one Cartesian 
direction only, but are constant in the 
other two,’ have been developed by 
Stiblein (11), Davidenkow (11) and by 
Sachs and Espey (12). An example of 
the residual stress pattern that can be 
determined by this method would be 
one in which longitudinal residual stresses 
vary throughout the thickness of a 
strip——being tensile, let us say, at the two 
surfaces of the strip but compressive in 
the interior—but remaining constant 
along the length or width of the strip. 

Heyn’s spring analogy can be applied 

here: the tensile stresses in the surface 


& The methods discussed so far have been confined to 
cases where the residual stresses vary along one cylindrical 
coordinate (the radial coordinate) but are constant along 
the other two (the axial and tangential). 
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layers of the strip can be thought of in 
terms of stretched springs, the com- 
pressive stresses in the central layers of 
the strip in terms of bunched springs, 
both sets of springs being fixed to cross- 

heads at either end (Fig. 12). The re- 
moval of one surface spring will allow In Eq. 7, the first term, sa, represents the 
the remainingtwo springs to bend the _ stress in the layer just removed while the 
strip, and th t of this deflecti 1 1 third | (s, and 5.) 


1 
Ss = — — Se) dt.. (7c) 


1 


_ Fic. 12.—Heyn’s Spring Analogy Applied to Davidenkow’s Residual Stress Determination Method. 

: (a) Represents an object in which residual stresses vary in one direction only. For illustrative purposes, it is pre- 

sumed that the center of the object is in compression and that the two edges are in tension. If one side of the object is 
removed the remainder will bend in the manner shown in (6). 


will indicate the force of the spring which represent the corrections for stresses 
had restrained them. The method can be relieved by removal of previous layers 
carried out by removing a succession of due to bending and lengthening respec: 
thin layers, just,as in Bauer and Heyn’s _ tively. 

method, and plotting the total deflection, It will be noticed that Eq. 7c is not 
f, ina given length, /, obtained after each explicit in s, and Eq. 7 must be solved by 
removal as a function of thickness, an approximation method.® 
These quantities together with the slope An exact analysis of the residud 
of such a curve, df/dt, will yield the stresses existing within a metal requitts 
— stress s; at any value of thick- in general a large number of machinil 
“hess, t according to the equation 6 Thus s, and sp are determined from the experimen’? 
data by Eq. 7a and 7b. Their difference is inserted in nd 
to give an approximate value of s. This value of sis — 
(7) as a function of ¢ and the integration in Eq. 7¢is 
(note that the quantity enclosed in parentheses 1s a 

s) to'obtain an approximate value of se. The values 
Sp, and Se are now entered in Eq. 7¢ to obtain a new? 
7 proximate value of s, and so on. Fortunately, the comme 

( a) is an oscillating one, and two approximati 
serve to give highly accurate results. 
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or pickling) operations, and a large 


sumber of dimensional measurements. A 


omplete analysis of a single specimen 
an take upwards of 50 man-hours. A 
general investigation into the effects of 
the variables involved in a given forming 
peration on the residual stresses de- 


HATFIELD AND THIRKELL 


4 
Oo 


@ CRAMPTON 


fi, 13.—Deflection Techniques Used for an Ap- 
proximation to Residual Stress States. 


by The shaded areas represent hypothetical stress distri- 
tions which would exert the same bending movement as 
‘ne assumed straight line stress distribution and illustrate 
Sow the approximate methods may be in error. 


veloped may involve something of the 
order of 70 or 80 specimens (see Fig. 35 
ot 0 for example). The prospect of the 
400 to 4000 man-hours required for 
‘act residual stress determination in 
uch an investigation makes the most 
persevering investigator blanch. Under- 
‘tandably enough, there is therefore a 
strong drive to develop time-saving short- 


cuts of oversimplification (and distor- 
tion) of results. This has been tolerated 
in the development of our understanding 
of residual stresses: we have been willing 
to accept some oversimplification in the 
interest of setting up a rough embracing 
scaffold of general knowledge in this 
field. So many of our present data have 
been obtained by such methods in fact, 
that it is important to realize the distor- 
tion that is involved in these data, and a 
review of the approximate methods of 
residual stress determination becomes 
mandatory. 


DEFLECTION TECHNIQUES > 
Where residual stresses are thought to 
vary through the thickness of a plate or 
shell but are believed to remain constant — 
along the length of the piece (because of | 
the continuous process by which the part 
was produced) and across the width of 
the plate or around the circumference of — 
the shell (because of conditions of sym- 
metry or other reasons), a variety of 
approximate techniques may be applied | 
all involving the deflection of a length of | 
the plate or shell. One such approximate — 
method is applied to rolled strip, for 
example, in the following manner. 

The strip is split down its central 
plane (Fig. 13). The two halves of the 
strip curl back, thereby releasing what- 
ever bending moment existed in the two 
halves before splitting. This bending mo- 
ment according to the usual theory of — 
beams is 


=! 

p 
where: 
E' = E/i 
E = Young’s modulus of elasticity, 
u = Poisson’s ratio, 
I = moment of inertia of the split sec- 

tion, and 

p = radius of curvature. 


The actual residual stress distribution 


that went to make up this bending mo- 
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ment is unknown, but for the sake of sim- 
_ plicity it is assumed that the stresses were 


distributed according to the straight-line 
function shown in Fig. 13(a). In this case, 
the formula for the stress, s, at an ex- 


Fic. 14. 


ternal surface of the strip as shown in 
Fig. 13. 
Other approximate techniques that in- 


volve the measurement of deflection of a 
“beam” and involve oversimplification 


‘Residual Stress Pattern Found in Strip Heated Locally. 


In the lower picture the direction in which the radial stresses, R, and tangential stresses, 7, operate are defined. The 


intensity of the radial stress at different points throughout the strip is shown in the three dimensional graph i 


immediately 


above the strip: the stresses are tensile at the center of the affected zone and drop off to a negligible value at some dis- 

_ tance from the affected zone. The intensity of the tangential stress at different points throughout the strip is shown in the 
uppermost chart: the stresses are tensile at the center of the affected zone, drop to a compressive value immediately out: 
side of the affected zone and then fall off to a negligible value at some distance from the affected zone. 


ternal surface of a bent beam may be ap- 
plied, that is, 


g 


where / is the thickness of the beam, 
which gives 


where f is the deflection of the curled 
section and / is its length. 
This stress may be either lower or higher 


than that that actually exists at the ex- 


due to an assumed linear distribution o 
stresses throughout the thickness of the 
beam are given in Fig. 13. In subsequent 
sections where data were obtained by ap- 
proximate techniques, the stresses so re 
ported will be termed approximated re 
sidual stresses and the technique by 
which they were obtained will be gives 
by the name employed in Fig. 13. 


LocaL STRAIN TECHNIQUES 


In other cases, the variation of 1 
sidual stress over the plane of a plate # 
shell is thought to be more importat! 
than any such variation through th 
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15.—Residual Stress Distribution in a Strip Heated Locally and Cooled (According to 
' Siebel and Pfender) (16). 


rgant plate dimensions were 1734 by 1734 by 1.18 in. The material was mild steel. The yield point of the steel was not 

theis €d in the immediate discussion of this experiment although the mild steels used in other experiments reported in 
re- iprotephe. had yield strengths of 36,000 to 37,000 psi. The strip was heated with a torch to “the beginning of red heat” _ 

probably around 1100 or 1200 F.) then ai i 


. arer : 0 r cooled. No estimate of the diameter of the heated zone was given. No abscissas 
0 * feported in the original paper. A local 


Fis. 


are theref strain technique was used in determining the stresses. The stresses reported here 
relore average stresses throughout the thickness of the strip. 
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thickness and a variety of local strain 
~ techniques can be applied in this in- 
stance. In these techniques (16) some re- 
Be of the plate is removed and the 

strains on the surface of the plate (either 

in the removed region or an adjacent re- 
4 gion) are suitably measured. These 

strains are then converted to stresses 
through Hooke’s law using the general 
equations: 


és = + Se) 


= z- (Se + s,)..... (9) 


Sz 
Siebel and Pfender (16), for example, 
impressed gage marks in two perpen- 
- dicular directions (x and y) on the sur- 

face of plates, cut the plates into strips 

and measured the resulting changes in 
- gage lengths. From the strains so meas- 
ured, the stresses in the x and y direc- 
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tions were determined by the equations: 


( wes) 


which follow directly from Eq. 9. 

These local strain techniques are ap- 
proximations in that the residual stress 
so determined represents either the stress 
at the plate surface or an average stress 
throughout the thickness of the plate (de. 
pending upon the exact details of the 
technique) but gives no description of 
the actual residual stress at each point 
throughout the thickness of the plate 

It should be noted here that the vari- 
ous X-ray techniques of determining re- 
sidual stresses are all local strain tech- 
niques; the X-ray merely determines the 
elastic strain at the metal surface. These 
techniques (17), since they measure only 
elastic strain—and that directly—do not 
require segmenting, and therefore de- 
stroying, the metal parts to be tested. 


RESIDUAL STRESS PATTERNS 


Having seen how residual stresses are 
measured we may now address ourselves 
to a review of the residual stress patterns 
that exist in metals. Obviously, because 
of the tremendous number of residual 
stress patterns that can possibly arise 
from the numerous casting, welding, heat 
treatment, and working techniques, only 
a selected representative group can be 
discussed here. 


RESIDUAL STRESS PATTERNS ARISING 
FROM THERMAL EFFECTS 


Flat Plates: 


Residual stresses are developed in a 
flat plate that is heated locally and al- 
lowed to cool, as for example in spot 
welding (Fig. 14). 

The stress distribution for this case 
was first investigated by Siebel and Pfen- 


der (16) using a local strain technique 
These authors report the stress distribu- 
tion shown in Fig. 15. It should be born 
in mind that the radial and tangential 
stresses reported in this chart are actu- 
ally the radial and tangential stresses 
derived from strains measured at the 
surface of the strip and not necessaril 
those that exist throughout the thick 
ness of the strip. In thin sheets it is prob 
able, however, that Siebel and Pfer- 
der’s distribution is reasonably uniform 
throughout the thickness of the stnp 
Simple rationalizations of this type ° 
stress distribution have been given. I 
deference to their priority, we quote Sie 
bel and Pfender themselves. “On heat 
ing,” these men write, “the material 1 
the hot localized zone seeks to expand 
Since any expansion in the plane of th 


Re 


st 


TANGENTIAL RESIOUAL 


552 
lor 
E ra 
= — ' 
| 
| 
i | 
ti 
t 
} 


BALDWIN ON RESIDUAL STRESSES IN METALS 


plate is restrained by the surrounding 
cold material and since simultaneously 
the yield strength in the localized zone is 
lowered, a permanent compression in the 
tangential and radial directions with a 
simultaneous increase in thickness sets 
in. This compression is preserved on sub- 
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but compressed in the tangential direc- 
tion.” 

Of course, such a simple explanation 
assumes, among other things, that all 
the participating factors are constant 
throughout the thickness of the strip at 
any given point. 


50000 


| | 
H. BUHLER & W.LOHMANN 


RADIAL RESIDUAL STRESS, PSI. 


MULTIPLE OF 
HEAT AFFECTED ZONE 
2 

25 25 
INCHES FROM CENTER 


4 
5 


Fic. 16—Residual Stress Distribution in a Strip Heated Locally and Cooled (According to Biihler — 
and Lohmann) (18). 7 
The s 


vith becimen was a mild steel (yield strength, 38,000 psi.) 0.73-in. thick disk, 9.6 in. in diameter. The strip was heated 
~ be pase to about 1750 F. (950 C.) in a central circular area 2 to 2% in. in diameter and air cooled. Sachs’ boring-out 
om — used to determine the stress. It should be remembered that this method assumes that stresses are constant 
re irection of the axis of boring (in this case through the thickness of the es. Since this is not necessarily the 
ere, the stresses reported are average stresses throughout the thickness of the plate. 


‘quent cooling. Since, however, the 
outer zones restrain the thermal contrac- 
tion of the localized zone, the latter takes 
on elastic tensile stresses in both the 
radial and tangential directions, whereas 
the outer zones simultaneously are elas- 
cally elongated in the radial direction, 


Siebel and Pfender’s results have been’ 
corroborated by Bihler and Lohman (18) 
(using Sachs’ boring-out method) as may 
be seen in Fig. 16 and by Rosenthal 
and Norton (19) (using X-rays, a sur- 
face technique), as shown in Fig. 17. 

Residual stresses are developed in flat 
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fic. 18.—Simplified View of the Mis-Match Oc- 
curring in a Butt-Welded Joint of two Free 
Flat Plates. 

The weldment (and immediate environs) is naturally 
shorter than the gap between the two plates. A compatible 
match is made in which the two plates are compressed 
along their welded length and the weldment elongated. 


plate that is heated along a line and al- 
lowed to cool (as for example in butt 
welding). 

If the plate is free, the mismatch con- 
sists, the most simplified view, ina Fig, 19, —Principal Stress Trajectories in (a) a 
thin strip of metal being naturally shorter Butt Arc-Welded Assembly (Mies (20)) _ 
than the length it must fill (Fig. 18). This ee ee 


Between two Concentrated Loads 
situation arises from the fact that when (Mesmer (21)). 


Fic. 20.—Residual Stress Pattern Found in a Butt Welded Strip. 


, the pmiddle drawing helps define what is meant by longitudinal stresses, L, and transverse stresses, T. The variation 7 
jute udinal stresses, L, is shown in the upper drawing; that of the transverse stresses, 7, is illustrated in the lower 


nd n these charts, points plotted above the white reference planes represent tension, those below represent com- 


- the heated zone expands, but being _ it is shortened, the yield strength being = 
ee in length by the cold portions’ low at high temperatures. 


It might be thought that such a mis- 
out lateral expansion of the hot zone can occur with- 8 8 ti 23 


traint under the assumption that the plate is free. match would create only longitudinal re- 
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sidual stresses (stress parallel to the hot 
zone), but such is not the case. The man- 
ner in which the hot zone will shorten 
the neighboring plates is somewhat ger- 
mane tp the behavior of a plate being 


% + 
+ x x + 
+ 
x |x + 
+ * x + 
Fic. 21.—Principal Stress Trajectories in a Butt- 


Torch-Welded Assembly (Mies (20)). 


action of these two areas on metal some. 
what removed from these “center-lines” 
is analogous, however, and by St. Ven. 
ant’s principle the stresses in these re. 
gions should be similar. It is not surpris. 


Fic. 22.—Longitudinal Residual Stresses in « 
Intermittent Butt-Welded Assembly 
(Bierett (22)) 


(6) 


Fic. 23.—Idealized Residual Stress Patterns Found in Quenched Cylindrical Bars. 


In (6) the directions in which the longitudinal stresses, L, the tangential stresses, 7, and the radial stresses, Rye 
are defined. (a) is a three-dimensional chart showing the stress distribution found in quenched bars which undergo 0” 
normal contraction on cooling: the longitudinal stresses, L, at the surface of the bar are compressive (compressive stres 
are indicated by points below the reference cross-section) rising to highly tensile values at the axis of the bar one 
stresses are indicated by points above the reference cross section); radial stresses, R, are nil at the surface of the 
and rise to tensile values at the axis of the bar; tangential stresses, 7, follow a pattern similar to that of the longt 
stresses. (c) is a similar chart showing the stress distribution found in quenched bars that expand on cooling: the st 
distributions are reversed from those found in the normal case. 


compressed between two equal and op- 
posed concentrated forces. It is true that 
the hot zone is under longitudinal tension 
whereas the line joining two concentrated 
compressive forces is in compression. The 


ing, therefore, that the principal stre 

trajectories in a butt-welded plate bat 

certain similarities to those in 4 SY} 

being pinched (Fig. 19). 

With the exception of Mies (20), those 
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avestigators (22) who have studied re- quenched cylinders in which the metal 
jidual stresses in butt-welded assemblies contracts on cooling is shown in Fig. 
have not reported their data as principal 23(a). Figure 23(c) shows the pattern 
stresses but rather as longitudinal and found in metals that expand on cooling. 
transverse stresses. Since these stresses It is seen that the two patterns are the 
Jo not coincide with the principal opposite of each other. The patterns may 
stresses, it is to be understood that shear be rationalized easily enough. In the 
stresses will also occur on planes in the former case, the outer annulus cools and 
longitudinal and transverse directions. contracts first, giving a ring that is 
The type of distribution of longitudinal shorter and smaller in diameter than its 
and transverse stresses in free continu- original diameter (Fig. 24(b)). Thisaction — 
ously butt-welded assemblies is indicated serves to extrude the inner core plas- _ 
in the charts shown in Fig. 20. The data tically into a longer, thinner cylinder — 
of Siebel and Pfender (16), anda host of than it originally was, much as a child ~ 
other investigators (22) are all of this will squeeze mud out of his clenched fist © 
type though showing some variations (Fig. 24(b)). The inner core when it finally © 
cools and contracts would, if free from 
the outer jacket, pass to a shorter and 


TABLE I.—PROPERTIES OF METALS. 


Inverse 
Metal Strength, Elasticit eflicient of | sivity, 
i ve Expansion | per sq. 
Psi | 


Aluminum. . 11000000 | 24 X 10-6 
Copper .... 15000000 | 17 K 10-6 
Iron mye 30 000 000 12 X 1076 
6000000 | 16 1076 
i 13 000 00 lies 
(a) (b) (c) 00.000 | 22 X 10 


Fic. 24—Action by Which Residual Stress 
State in Quenched Cylinders Shown in Fig. 23(@) thinner cylinder (Fig. 24(b)). The mis- 
match responsible for the residual 
stresses consists, then, in an oversized 
case and an undersized center. To main- 
tain compatibility, the jacket is drawn 
which longitudinal stresses are tensile, in longitudinally, radially, and tangen- 
whereas this region is broader in torch- on 
welded assemblies (Fig. 21). Step-back three directions, giving rise to the stress 
distribution shown in Fig. 23(a). A simi- 
welded assemblies show minor differences lai 
(Fig. 22). evidence of the plastic extrusion which 
2 es the central core suffered—and yet these 
Cylinders: contours give no clue to the residual 
The residual stress patterns found in Stress state within the metal.’ 


cooled or quenched cylinders are of in- * Hasty observation of the ends of the cylinder might 
terest. sj lead one to conclude that the center of the cylinder being 

since such shapes are frequently longer than the outer layers is being restrained by them 
cast as I] ‘ and is therefore under longitudinal compression and that — 

well as heat treated. The general by natural reaction the outer layers are under longitudinal 


type of residual stress pattern found in i distribution just the reverse of that that | 


with welding details. Thus, arc welding 
which generally produces a relatively lo- 
alized heating narrows the region in 
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The magnitude of the residual stress 
patterns shown in Fig. 23(a) (as, indeed, 
in any case) wili depend on two broad 
factors: (1) the relationships that exist 
between stress and strain for the particu- 
lar metal, and (2) the magnitude of the 
elastic adaption to the mismatch (strain). 

1. Thus for a given mismatch (strain) 
a higher residual stress will obviously re- 
sult if Young’s modulus of elasticity is 
high. Similarly, the limiting value of re- 
sidual stress will be higher, the higher the 
yield strength of the metal. 
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Thus, for example, a hypothetica| 
metal might have a zero yield 
strength down to the temperature 
of boiling water and some high 
value from this temperature t 
room temperature. In this jr 

stance, the core would adapt itsel 
to the case by plastic deformati: 

down to 212 F. and only over the 
narrow temperature range, 212 t 
70 F., would there be any elast 

adaptation to give rise to residus 
stresses. Accordingly high residua 
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hic. 25.—Longitudinal 


2. The larger the strain, the larger the 
residual stresses will be. Those factors 
that make for a large strain are seen 
to be: 

(a) The form of the yield strength 
versus temperature curve for the 
metal in question. This function 
can well limit the temperature 
range in which elastic adaption to 
the mismatch occurs to such a 
narrow field that low stress results 
even though all other factors are 
favorable to high residual stresses. 


| 
2 3 


CROSS-SECTIONAL AREA, SQ. IN. 


Residual Stresses Developed in Aluminum Rods Quenched from 480! 
(Hopkins, Kempf, and Ivanso (24)), Bauer and Heyn’s Method. 


stresses will result in metals tha 
possess high yield strengths over 
large temperature intervals thoug 
a lowered yield strength at th 
temperature from which the meta 
is being quenched is necessary ! 
permit the plastic flow that i! 
tiates the mismatch. 

(6) A high thermal coefficient of et 
pansion, a. 

(c) A low thermal conductivity, « 

(d) A high specific heat, ¢. 

(e) A high density, p. 
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Fic. 26.—Longitudinal Residual Stresses Developed in 122 Alloy Rods Quenched from 480 F. 
Ice Water Showing the Effect of Diameter on Magnitude of Stresses Developed. (Hopkins, 
Kempf, and Ivanso (23)), Bauer and Heyn’s Method. 
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| QUENCHING TEMPERATURE 


LONGITUDINAL RESIDUAL STRESS, PSI 
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27. —Longitudinal Residual Stresses Found in Steel Rods Quenched from Various Temperatures 
in Water. (Biihler and Scheil (24)), Mesnager- Sachs’ Method. 4 
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Fic. 28.—Longitudinal Residual Stresses Developed in 2.5-in. 122 Alloy Rods Quenched from 480 I 
in Various Quenching Media Showing the Effect of Quenching Efficiency on Residual Stresses. 
(Hopkins, Kempf, and Ivanso (23)), Bauer and Heyn’s Method. 


Fic. 29.—Longitudinal Residual Stress Patterns Developed in Lron-Nickel Alloys when Quenche 
from 900 C. (Biihler and Scheil (27)), Mesnager-Sachs’ Method. 


The temperature range over which this series of alloys expands on quenching is shown as a white band in — 
poses graph. A three-dimensional chart, in the cylinder at the left, shows the longitudinal resi 

ound in quenched iron rods. The radial profile (from cylinder center to surface) of such a three-dimensi 
plotted in front of the background graph for each alloy. 
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These latter three factors may be as- 


smbled into the single factor inverse dif- 


1 
fusivity, which if high leads to 


, large mismatch. 

(f) A large cylinder size. 

(g) A large temperature difference on 

quenching. 

(h) A high quenching efficiency. 

It is seen that the factors under Para- 
graph 1 and the first five factors (a thru 
¢) in Paragraph 2 are properties of the 
netal in question. In Table I, these prop- 
rties are listed for five common metals. 
The low yield strength of copper and 
aluminum, for example, limit the residual 
stresses to low values, and it is therefore 
not surprising to find the residual stresses 
resulting from quenching these metals to 
be rather low (Fig. 25). The addition of 
alloying agents, however, to these metals 
as well as the rest serves, usually, to in- 
crease the yield strength and the inverse 
difusivity®, thus increasing the magni- 
tude of residual stresses found on quench- 
ing (compare Figs. 25 and 28). 

The latter three factors in Paragraph 2 
are factors involved in the fabrication of 
the metal. As was pointed out, large 
cylinder sizes accentuate the residual 
stresses developed (see Fig. 26), and it is 
thus in quenching large sizes that par- 
ticular skill and care must be exercised 
in heat treatment. In this case it might 
ve necessary to use less drastic quench- 
g—either lowering the temperature 
‘tom which quenching will be effected 
‘Fig. 27), increasing the temperature of 
the quenching bath, or decreasing the 
efliciency of the quenching bath (Fig. 28). 
Ih aluminum alloys, for example, the 
{uenching conditions necessary for the 
‘ttainment of desirable properties is usu- 
ally so mild that relatively minor residual 
Stresses result. 


So far the illustrations have been 
*Young’s modulus of elastici i 
: asticity and the coefficient of 
"tpansion are usually affected to a lesser degree. 


drawn from alloys that only contract 
when cooled. Similar examples could be 
cited for cases where the alloy only ex- 
pands on cooling and which bear out the 
stress pattern shown in Fig. 23(c), but 
such cases have to be tailor made, for 
there is no known alloy that only 
expands (undergoing no contraction) 
on cooling. Such expansion usually re- 
sults from a metallographic transforma- 
tion which is confined to a limited tem- 
perature range, the alloy contracting in 
all other temperature ranges. In such | 
cases there will be two opposing tenden- 
cies, and the ultimate residual stress pat- — 
tern is usually a hybrid pattern de- | 
veloped from the two idealized patterns. _ 
The residual stress patterns developed on 
quenching iron-nickel cylinders from 900 
C. illustrate this point (Fig. 29). The 
temperature range over which these 
alloys expand on cooling becomes broader — 
and passes to a lower temperature in al- — 
loys having higher nickel contents. In 
pure iron and in the iron-rich alloys (up _ 
to 5 percent nickel, for example) the alloys | 
expand at high temperatures but then 
contract on further cooling over such a 
broad temperature range that they show 
the typical contraction-type residual | 
stress pattern (Fig. 23(a)) on quench- | 
ing (Fig. 29). Iron-nickel alloys having | 
20 to 25 per cent nickel expand at low — 
temperatures, and this action serves to 
cancel any contraction which had oc- 
curred on cooling through the higher tem- — 
perature ranges to given an expansion- 
type residual stress pattern (Fig. 23(c)) 
on quenching (Fig. 29). Alloys with — 
nickel contents between these two ranges" 
give hybrid-type residual stress patterns. — 
Alloys with nickel contents above 25 per _ 
cent nickel do not transform on cooling | 
to room temperatures and therefore show 
the idealized contraction-type residual 
stress pattern (Figs. 29 and 23 (c)). 
Methods for calculating the residual 
stresses in quenched cylinders have been 
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_ presented by Hirone (25) and Kompa- 
neets (26). They serve to illustrate the 
general relationship between the factors 
discussed above and the residual stresses 
that are developed on quenching but 
necessarily require a knowledge of the 
temperature distribution within the cyl- 
inder as a function of time, as well as a 
knowledge of the relation between yield 
strength (under multiaxial conditions) 
and temperature—two quantities diffi- 
cult to evaluate with any degree of accu- 
racy—if numerical data for the residual 
stress patterns are desired. 


RESIDUAL STRESS PATTERNS ARISING 
FROM MECHANICAL EFFECTS 


Residual stress patterns in cold-worked 
metals cannot be rationalized in all 
cases in the simple terms that were 
employed in the case of welded assem- 
blies or quenched metals. This arises from 


(b) 
I Residual Stress Patterns Thought to Exist Rolled Striy 
Residual stresses lying in the rolling direction will vary over any cross-section of the strip. In (a) the longitudinal 
stresses are compressive at the rolled surfaces (points on the three-dimensional chart behind the reference cross-sectional 


plane represent compression) and tensile in the interior of the metal. In (c) the longitudinal stresses are tensile at the 
polled surfaces and compressive in the interior of the metal. 
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the fact that the flow of the metal in 
cold-working operation is not clearly 
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Fic. 31.—Variation of Approximated Residu! 
Stresses Across the Width of a 4-44 Bear- 
ing Bronze Strip Rolled on a 13-in. Ra- 
dius Roll. 


Strip was 1.25 in. thick and given one 2 per cent 
tion in thickness (Baker, Ricksecker and Baldwin @ 
Modified Anderson and’ Fahlman technique ( 


technique). 
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known in all cases, and it is difficult 
therefore to predict the exact nature of 
the mismatch which will produce the 
residual stress pattern. 


Strip Rolling: 


We wish to confine our remarks, at 
least for the moment, to true flat rolled 
strip, that is, to strip which has received 
a constant reduction in thickness at each 


point across the width of the strip. Fre- 
quently, either by intention or otherwise, 
‘trip will be rolled such that it suffers 
|_| § Variable reductions in thickness from 

point to point across the width of the 
strip. 


IN. Two oversimplified residual stress pat- 


ssidul ‘ems that are believed to result from 
a true flat strip rolling are shown in Fig. 30. 
| In the Stress distribution of the first 
‘ype (Fig. 30(a)), longitudinal stresses 


tis, stresses operating in the rolling 
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(Fig. 30(c)), longitudinal stresses 
are tensile at and near the rolled surface 


direction) are compressive at and near — 
the rolled surface and tensile on the mid- © 
planes of the strip. 

In the stress distribution of the second 


and compressive on the mid-planes of the 
strip. 

These patterns are oversimplified in at 
least two fundamental respects. In the 


Fic. 32.—Manner in Which Plastic Flow is Initiated and Spreads Throughout a Metal Block Being 


Squeezed Between Flat-Faced Tools. 


Plastic flow first occurs in the approximately semi-circular cylindrical region having the tool face as diameter (a). 


€ region in which plastic flow occurs spreads out from this semi-circular region as the tools are pressed deeper into the 
metal block (b) and (c)). 


first place no representation is made of 
the residual stresses operating in a direc- 
tion across the width of the strip (trans- 
verse stresses) or in a direction perpen- 
dicular to the rolled surface of the strip 
(thickness stresses). While general con- 
siderations would indicate that the thick- 
ness stresses, at least in strip of the usual 
widths, would be negligibly small, the 
same cannot be said of transverse 
stresses. No data on the transverse 
stresses have ever been reported, and in 
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the absence of definite information, no 
representation of transverse stresses has 
been made in Fig. 30. 

In the second place the distributions 
in Fig. 30 indicate that the stresses do 
not vary across the width of the strip. 
This is approximately true for relatively 
wide strip. Figure 31, for example, shows 
(approximated) residual stresses 


Fic. 33.—Regions in Which Plastic Flow is Initiated When Metal Blocks are Squeezed Betwee 
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The first type of residual stress pattern 
(Fig. 30(a)) has not been directly or ex. 
perimentally observed, but is inferred 
from the analogous behavior of strip that 
is shot peened, or surface rolled (29), and 
from rod that is lightly drawn. It is pre- 
sumed to arise in strip that is rolled ex. 
tremely light amounts. Friedrich Kérber 
(30) reviews the train of reasoning by 


Flat-Faced Tools. 
In (b) the ratio between the thickness of the metal and the width of the tool face is large. Plastic flow is initiated 
along a semi-circular region which extends to a relatively shallow portion of the blocs thickness. If the ratio between the 
_ thickness of the metal and the width of the tool face is reduced by either reducing the thickness of the metal block (¢ 
or widening the tool face (a), the region in which plastic flow is initiated will extend throughout the thickness of the 


metal block. 


across the width of a 15 in. wide by 1} 
in. thick strip. The stresses are fairly 
constant across the width except for a 
region about an inch wide on both edges 

of the strip. Presumably these edge 
variations would occupy a greater pro- 
portion of the width in narrower strips." 


10 Baker, Ricksecker, and Baldwin (28) state that “‘pre- 

_ liminary experiments showed that the residual stresses 

_ were uniaxial in the rolling direction” but the nature of 

their experiments provided a necessary, but not sufficient, 

proof that transverse stresses did not exist. Richards (29) 

reports transverse stresses in strip that is surface-rolled 
with a narrow-width roll. 

"This trend would perhaps be accelerated by the 

4 greater freedom of narrow strips to spread laterally dur- 


which this residual stress pattern would 
be expected. 

It is known, as Kérber points out, that 
if a metal block is squeezed between two 
flat-faced tools plastic flow does not occur 
uniformly or simultaneously throughout 
the region between the tools. Instead 
flow will start in a restricted region which 
approximates a semi-circular cylinder 
having the flat face of the tool a5 4 
diameter (Fig. 32). As the tools a 
pressed into the block, plastic flow 
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_ spreads out from this semi-circular region 
_ in a progressive fashion (Fig. 32). If the 
metal block is thick compared to the 
width of the tool face, the region in which 
plastic flow commences penetrates to a 
relatively shallow portion of the block 


thickness (Fig. 33(6)), whereas if the 


metal block is thin compared to the 
width of the tool face, the region in which 
plastic flow commences will course 
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RESIDUAL STRESS/ YIELD STRENGTH, PER CENT 
—— 


Fic. 35.—Effect of Roll Diameter, Strip Thick- 
ness, and Reduction in Thickness on Magnitude 
of Longitudinal Residual Stress at Surface of 
Rolled Strip. 


Values taken from both approximation (modified 


Anderson and Fahlman) technique and Sachs and Espey 


technique (Baker, Ricksecker, and Baldwin (28)). 
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Fic. 36.—Longitudinal Residual Stress at Surface of Rolled Strip as a Function of Rolling Sehei 
Roll radius was 13 in. (Baker, Ricksecker, and Baldwin) Modified Anderson and Fahlman echnique 


through the entire thickness of the block 
(Figs. 33(a) and (c)). These reactions 
have their counterpart in rolling: if the 
thickness of the strip being rolled is large 
compared to the length over which the 
roll contacts the metal strip, plastic flow 
will not penetrate the strip completely. 
It is readily seen that a small roll diame- 
ter, a light reduction in thickness, and a 
thick strip (all these factors being rela- 
tive to each other) lead to non-penetrat- 
ing conditions. Figure 34 shows a strip 
being rolled under these conditions. If 
the reduction in thickness is increased 
(strip thickness and roll diameter being 
held constant), the contact length be- 
tween roll and strip is increased and plas- 
tic flow penetrates deeper (Fig. 34(b)). 
If the roll diameter is increased, the con- 
tact length is again increased and plastic 
flow penetrates still further (Fig. 34(¢)). 
Alternately if the strip thickness is de- 
creased, the contact length relative to the 
strip thickness is increased and flow agair 

penetrates deeply (Fig. 34(d)). In the 

case of non-penetrating conditions (Figs. 

34(a) and (6)), the surface layers of the 

strip would be cold worked and extended 

in length, the central layers would not 

There will thus be a mutual reaction be- 

tween these two areas, in which the inner 
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layers seek to restrain the outer layers 
putting them in compression, and the 
outer layers seek to stretch the inner 
layers putting them in tension. It is in 
such a manner that the residual stress 
pattern of the first type, it is felt, is 
developed. 

The second type of residual stress pat- 
tern has been experimentally observed— 
under rolli litions in which plasti 


(a) 


(b) 
In (a) 
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en 7.—Two Types of Residual Stress Patterns Found in Drawn Wire or Rod. 


Defines the directions in which longitudinal stresses, L, tangential stresses, 7, and radial stresses, R, operate. 
and (c), three-dimensional charts illustrate how each of these stresses vary from point to point over a cross-section 


the geometric factors, roll diameter, strip — 
thickness, and reduction in strip thick- _ 
ness: light reductions, relatively heavy 
strip thicknesses (or conversely relatively 
small roll diameters) give high residual 
stress patterns (Fig. 35). It appears, in > 
fact, that the effects of these factors are 
such that the residual stresses are a func- 
tion of the ratio of the strip thickness to 
he contact length between roll and strip 


(c) 


af the rod. In (a), for example, the graph shows the longitudinal stresses at the surface of the rod to be severely com- 
aes (compressive stresses are indicated by points below the relerence cross-section) rising to highly tensile values 
at the axis of the rod (tensile stresses are indicated by points above the reference cross-section.) 


low has penetrated the strip thickness 
'28). The actual magnitude of the stress 
atany point (let us say the rolling surface 
of the strip) will obviously depend upon 
‘actors inherent in the metal itself (for 
trample, the elastic and plastic proper- 
ues) yet quantitative data are available 
for only one alloy: an 88-per cent copper, 
per cent lead, 4-per cent tin, 4-per cent 
anc, bearing bronze (28). 

The magnitude of the stress at the 
tolling surface of the strip depends upon 


-the same ratio which was of such im- 
portance in determining the residual 
stress pattern of the first type.’ 


No rationalization similar to that 


which attempts to explain the existance 


12 In strip rolling with a,succession of passes it appears 
further that the residual stress pattern is controlled largely 
by the last pass. Figures 36(a) and 36/6) illustrate how 
virtually the same (approximated) longitudinal residual 
stresses are developed in 4-4-4 bearing bronze strip either 
when rolled exclusively with 2 per cent reductions per pass 
or when rolled with a 16 per cent reduction per pass fol- 
lowed with a 2 per cent reduction per pass. Thus a final 
skin pass using a light reduction (to obtain close dimen- 
sional control, for example) can produce high residual 
stresses on yo the fact that previous passes produced 
low residual stresses. 
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Fic. 38.—Longitudinal and Tangential Residual 
Stresses in Steel Rod Drawn Slight Amounts 
(Biihler and Buchholtz (3)) Mesnager-Sachs’ 


friction existing between roll and strip, 
This is of interest. The results of Baker, 
Ricksecker, and Baldwin, which were ob- 
tained on a single mill with a single alloy 
(under which conditions the coefficient 
of friction, f, would approach a constant 
value) indicate the dependence of re- 
sidual stresses upon the ratio ¢/l. A more 
general investigation might reveal them 
to depend upon the ratio ¢/fl. 


Drawn wire: 


Drawn wire or rod is known to give 
two types of residual stress distribution. 

In the stress distribution of the first 
type, longitudinal stresses are compres- 
sional in the outer hull of the rod and 
tensional in the core; radial stresses are 
tensional in the core and drop off (of 


Method. necessity) to zero at the outer surface of 
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Fic. 39.—-Residual Stresses in a Drawn Steel Rod (Fahrenhorst and Sachs) Mesnager-Sachs’ Method. 


of the residual stress pattern of the first 
type is available for the second residual 
stress pattern. In the light of the general 
principles by which the residual stresses 
may be prognosticated, we must await a 
complete analysis of the stresses existing 
in the strip during rolling. In the mean- 
time, however, it may be noted that it is 
believed the roll pressures occurring dur- 
ing rolling may be closely approximated 
over a wide range of conditions by a func- 
tion of the factor //fl where ¢ is the strip 
thickness, / is the contact length between 
roll and strip, and f is the coefficient of 


the wire; hoop stresses are compressive 
in the core (Fig. 37(a)). 

The stress distribution of the second 
type is the exact reverse of the first type: 
longitudinal stresses are now tensile in 
the case, compressive in the core; radial 
stresses are compressive in the core drop- 
ping off to zero at the surface of the rod; 
hoop stresses are tensile at the surface of 
the wire and compressive at the wire axis 

It will be noticed that these two type 
of residual stress patterns duplicate the 
two types of patterns found in quenched 
rods, the first type of pattern correspond 
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ing to the contraction-type of quenching 
pattern, the second to the quenching pat- 
tern involving expansion. 

The first type of pattern has been ob- 
served in steel rods that have been drawn 
very slight amounts (<1.0 per cent re- 
duction in area) by Biihler and Buch- 
holtz (31) (who used Sachs’ boring out 
method) (Fig. 38(a)). 

Naturally there are reductions in 
which transition patterns from the first 
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REDUCTION IN AREA BY DRAWING, 
PER CENT 
Fic. 40.—Approximated Longitudinal Residual 
Stress at the Surface of the Rod in Cold-Drawn 
Brass Wire, as a Function of Reduction in Area. 


The reductions were made in a single pass (Linicus and 
Sachs (33) Modified Anderson-Fahlman Method. 


to the second type of distribution have 
been observed (see Figs. 38(b) and (d)). 

In rationalizing their own findings, 
Bihler and Buchholtz (31) attribute the 
development of the residual stress pat- 
tern of the first type at low reductions in 
area to the non-penetration of work 
under these conditions. “If cold-working 
affects only the zones in the immediate 
neighborhood of the surface,” they write, 
‘then the plastically elongated surface 
zones on quitting the die will tend to 
lengthen the core of the rod which was 


only elastically loaded. The core will 
therefore be under tension, the outer hull 
in compression (in the longitudinal di- 
rection).” This reasoning, attractive as 
it is, will not account for the development 
of the radial or tangential stress distribu- 
tion in the first type of pattern, however. 

The presence of compressive hoop 
stresses in the outer hull of the rod indi- 
cates that the case is being restrained 
inward in the radial sense just as the 
presence of compressive longitudinal 
stress in the same zone indicates that the 
case is being shortened against its will. 
In other words, if the case could be 
parted from the core it would spring out 
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Fic. 41.—Data of Fig. 40 Transferred to the 
Same Typé of Representation as Fig. 35. 


from the core as well as lengthen. The 
similarlity between this residual stress 
pattern and the pattern resulting on 
transformationless quenching has _al- 
ready been noted. This type of pattern 
must result from either a triaxial con- 
traction of the core relative to the case 
(as in the case of quenching) or a triaxial] 
expansion of the case relative to the 
core.'* 

There are no detailed investigations 
into the effects of die angle, frictional 
conditions, etc., on the first type of stress 


13 If it is found that compressive transverse residual 
stresses as well as compressive longitudinal residual 
stresses exist at the surface of strip rolled under nonpene- 
trating conditions, then Kérber’s explanation of the 
mechanism of the development of residual stresses under 
these conditions, similarly, is inadequate. 
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pattern. In the case of the second type it 
is apparent from Linicus and Sachs’ (33) 
approximate data that the magnitude of 
longitudinal residual stress at the wire 
surface will be greater for a given single 
pass reduction, the greater the angle of 
the die (Fig. 40). These data also indi- 
cate that the magnitude of the longi- 
tudinal residual stress (for a given die 
angle) depends upon the reduction in 
area. In the absolute sense the (approxi- 


mated) longitudinal residual stresses 
reach a maximum value at single-pass 
reductions in the range of 15 to 35 per 
cent, but in the relative sense, that is, 
when they are expressed as a fraction or 
percentage of the yield strength of the 
material, they fall continuously from a 
maximum value at the lightest reduction 
studied as the magnitude of the single- 
pass reduction is increased. As a matter 
of fact, if the (approximated) longi- 
tudinal residual stresses are expressed as 
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a percentage of the yield strength of the 
wire as drawn and if they are plotted 
against the ratio of diameter of the drawn IN 
wire to the contact length between die \ 
and wire, a common trend curve of the 
type found for rolling results (Fig. 41), r 
This can be regarded, however, as only 
the merest suggestion of a similarity in 
behavior between strip rolling and rod 
drawing." 

All these data refer to the residual 


stresses engendered in a single pass. The 
effects of multiple passes have not been 
investigated to the extent that such a 
study seems justified. From the behavior 
of rolled strip it would be inferred that 


STARTING S 


14 The data are too approximate. The residual stresses 
as originally pores ow are only approximations. the 
addition the yield strength varies considerably pened 
cross-section in a drawn wire. The yield strengths used id “ 
computing the ordinates in Fig. 41 were oe = 
strengths of the drawn wire and not those at the surlace i 
the wire (which were unknown). In addition the ance 
conditions could have varied from die to die pen 
erratic behavior of the 8-deg. die in Fig. 40), whi beedly 
as noted ‘in the discussion under strip rolling undow 


enters into the picture. _ | 


f Fic. 42.—Residual Stress Patterns Found in Sunk Tube. 
The sinking a is illustrated in section in the background of the drawing. A small element is shown in the tube f 
: which serves to define the longitudinal stresses, L, and the tangential stresses, 7. The distribution of these stresses is 
. ; shown in the right-hand pictures where points above the white reference planes represent tension and points below rep- f 
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Fic. 45.—Actual Distribution of Residual Stresses Tthroughout Wall of Sunk Tube (a) Tangential Str 
and (6) Longitudinal Stress. (Sachs and Espey (12)). Sachs and Espey Technique. 
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Fic. 46.—Diagrammatic Representation of the Tube Drawing Operation. 
Tube drawing is actually a compound operation in which the tube diameter is first reduced or sunk (region A) after 
vhich the tube wall is thinned by the internal plug (region B). Practical considerations (dimensional control, surface 
wality of inner wall, etc.) make this sequence almost universal. ; 
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Fic, 47.—Approximated Residual Hoop Stresses at Outer Wall Surface of Drawn High Brass Tube. 
~Cuctions were made in a single pass (Crampton (15)) Crampton Deflection Method. 
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the residual stresses developed by a mul- 
tiple pass drawing schedule would be 
largely determined by the last single pass. 


Sunk Tube: 


Tube sinking is that process by which 
a tube is drawn through a die without a 
plug or mandrel to support the internal 
wall. Undoubtedly tube sinking can de- 
velop two types of residual stress pat- 


terns just as strip rolling and wire draw- 
_ ing do: one type that is associated with 
non-penetrating work and the other asso- 
ciated with penetrating work. The condi- 
tions leading to non-penetrating work 
have never been studied, however, and 
the only residual stress patterns reported 
are those resulting from sinking condi- 
tions that must have produced pene- 


trating work. These are represented in 

Fig. 42. The residual stresses acting in 

the direction of the tube axis are tensile 

sive in the inner half; those acting in the 


in the outer half of the wall and compres- 
hoop direction follow the same course. 
The radial stresses must of necessity be 
zero at the inner and outer wall of the 
tube and, in thin-walled tube at least, 
probably 
values.'® 
Crampton’s approximate data (15) 
show that the magnitude of the hoop 
stress at the outer tube surface increases 
with increasing reduction in diameter, 
almost duplicating the value of the yield 
strength of the alloy he studied (Fig. 
43).'° If an analogous behavior between 
wire drawing and tube sinking exists, this 
trend would not be expected to continue 
at higher reductions. Exploratory tests 


never assume very high 


15 Pure cupping operations (where no ironing of the 
- cup wall occurs) are similar to sinking operation and 
“develop similar residual stress patterns. 
© Since both the longitudinal and hoop stress are ten- 
_ sile in the outer half of the wall and compressive in the 
inner half (the radial stresses being negligible), the limit- 
ing value for the residual stresses in the first approximation 
will be the yield strength of the alloy as determined in 
simple tension. 
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by Spear (34) confirm this (Fig. 44), 
Sachs and Espey (12) have reported the 
actual stress distributions for the tube 
sunk to three different reductions. The 
circumferential residual stresses are fairly 
simple in their distribution (Fig. 45); the 
longitudinal stresses show a sharp maxi- 
mum about a quarter of the way in from 
the outer surface. Whether this maxi- 
mum is caused by bending action which 
the tube wall suffers as it quits the die 
(compare Fig. 4) is difficult to say. 


Drawn Tube: 


Tube drawing, in which a plug or man- 
drel works against the inner wall of a tube 
that is being drawn through a die, is a 
compound operation. The tube is first 
reduced in diameter (sinking) and then 
reduced in wall thickness (Fig. 46). No 
data on the exact distribution of residual 
stresses in drawn tube have been re- 
ported, but from approximate data it 
appears that the stress distributions must 
be approximately of the same general 
type as that found in tube sinking. The 
process would be expected to be capable 
of producing considerable variation in the 
stress distributions, however, since the 
reduction of the wall—a process akin to 
strip drawing or rolling—may be ex 
pected to alter the residual stresses that 
the preliminary sink might otherwise 
impress upon the tube. From the be- 
havior of rolled strip it would be antici- 
pated that the smaller the ratio of wall 
thickness to contact length over which 
thinning of the wall is being effected, the 
lower will be the residual stress produced. 
These expectations are borne out by 
Crampton’s approximate data for tube 
drawing (Fig. 47). 


17 Compound cupping operations (where ironing of the 
cup wall is effected) and mandrel redraw operations 
similar to tube drawing and develop similar 


stress patterns. 


| 
574 
yn 
he 
ne 
ex¢ 
the 
mi 
the 
ter 
tur 
str 


Since, as we have seen, residual stresses 

re to be found in metals produced under 
, wide variety of processes, and since as 
re shall see, residual stresses can be 
wite detrimental under certain service 
onditions, there is a natural interest in 
nethods by which residual stresses can 
annulled or at least reduced in in- 
ensity. 


Annulment of Residual Stresses by 
Heating: 


Residual stresses may be reduced by 
heating the afflicted metal: “Relief an- 
nealing” is the usual term applied to such 
4 process, but in a strict sense it lays 
exclusive emphasis on the réle of heat in 
the dissipation of the stress state. It 
might lead the unwary to the belief that 
the reduction of stress is a function of 
temperature alone, that to each tempera- 
ture there corresponds a reduced residual 
stress state instantaneously achieved. It 


7 BALDWIN ON RESIDUAL STRESSES IN METALS 


RELIEF OF RESIDUAL STRESSES 


is true that the strained conclition of the 
metal is eventually restored to its strain- 
free condition by the thermal agitation of 
the atoms about their mean sites in the 
crystal structure. But the movement of 
atoms from strained positions to un- 
strained positions is not an instantaneous 
cataclysm, for it is highly improbable 
that the complex but organized thermal 


(c) 


Fic. 48.—The Action of Stretching on Residual Stresses Operating in the Direction of Stret 


vibration pattern should be exactly that 
which would immediately drop all atoms 
into their unstrained positions. Rather— 
on the basis of probability still—it is a 
time-consuming process by which indi- 
vidual atoms move from a strained mean 
site to a locally metastable position 
(which position, as subsequent atoms re- 
assemble themselves, becomes highly 
unstable or strained) through various 
stages to a position which is ultimately 
compatible with gross areas—that is, 


ching. 
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save absolute zero this process occurs, 
bul il lakes lime. Residual stresses will 
slowly decompose at room temperature. 
The réle of temperature is to increase the 
number and frequency of thermal] vibra- 
tions, to increase the probability of pas- 
sage from strained to unstrained states, 
to increase the rate at which stresses are 
relieved. 


Annulment of Resilual Stresses by Cold 
Working: 


_ The residual stress pattern contained 
in a metal may be altered by subjecting 
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shown in Fig. 48(c). It is apparent that 
stretching has materially altered (in this 
case reduced) the original residual stress 
pattern. 

It would be a mistake to convey the 
opinion that all forms of cold work reduce 
originally existent residual stress pat- 
terns. In general any cold working tends 
to produce the same residual stress pat- 
tern whether a stress pattern existed in 
the original stock or not. As we have 
seen, (lig. 36) some cold working proc- 
esses produce high residual 
patterns, 


stress 
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Fic. 49.—Residual Stress Distribution in a Steel Rod Cold-Drawn and then Surface-Rolled. Compare 
with Fig. 39 (Fahrenhorst and Sachs (32)) Mesnager-Sachs Method. 


the metal to plastic deformation. A sim- 
ple example is illustrated in Fig. 48 (a) 
(35). A metal strip may be presumed to 
possess tensile residual stresses equal to 
the yield strength in its outer layers and 
compressive residual stresses equal to the 
yield strength in its central layers. If 
now, the metal is stretched, the metal in 
the outer layers will immediately flow 
plastically, the stress increasing slowly in 
this region according to the degree of 
_work hardening that the metal evidences. 
The metal in the central layers elastically 
deforms, the stress increasing rapidly 
according to Hooke’s law. If now the 
stretching is relaxed, the stresses subside 
uniformly across the width of the speci- 
men to give the residual stress pattern 


Some of these high residual stress pat- 
terns are beneficial in themselves or are 
beneficial in that they can be used to 
annul malignant stress patterns. In the 
section “Effects of Residual Stresses” it 
will be seen that the presence of residual 
tensile stresses at the surface of metallic 
shapes is, in general, deleterious and the 
reduction of such stresses or the conver 
sion of such stresses to compressive 
stresses is thus advantageous and in some 
cases mandatory. As a generalization, 
therefore, it can be stated that any of the 
surface working processes (surface roll 
ing, surface drawing, shot peening, ¢tc. 
can be employed as residual stress “Te 
lief”? measures since they tend to induct 
compressive residual stresses at the 
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metallic surface. Repeated bending can 
be similarly employed. 
A common practical application of 
these principles is the use of skew-roll 


EFFECTS OF RESIDUAL STRESSES 


Residual Stresses and Distortion: 


We have already noted that residual 
stresses occur as the result of a mismatch 
in various regions of a metal and that 
segmenting a metal part will cause the 
mismatch to become evident. It comes as 
no surprise to learn, then, that a residu- 
ally stressed metal can warp or distort 
when machined or cut. The obvious curl- 
ing of planed plates, or snaking of 
threaded rods is readily attributed by the 
engineer to residual stresses. There are a 
number of less obvious ways in which 
residual stresses can work evil and be- 
cause they are not readily recognized 
they are more insidious. Drilling radial 
holes into drawn rods, for example, re- 
leases residual stresses such that the hole 
changes in diameter slightly (as in 
Mather’s local strain technique of deter- 
mining residual stresses (16)). These 
slight changes in hole size, while not 
affecting rough drilling operations, can 
cause critical finishing operations to 
break down (due to binding of drills or 
reamers, etc.). The rod is usually blamed 
for being poor in “machinability.” 

Residual stresses sometimes play an 
intermediate rdle between ultimate cause 
and effect in some warping problems and 
are overlooked. When rolled strip is slit 
and cambers, it usually is recognized that 
the strip was hump-rolled, that is, rolled 
such that the center of the strip (with 
reference to its width) received a greater 
reduction than the edges. The fact that 
the retained elastic (residual) stresses are 
the only active agent in causing the 
camber is frequently overlooked. If such 
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straightening (which is a surface-rolling 
operation) in reducing deleterious re- | 
silual stress states in drawn rod or wire 

(Fig. 49). 


stresses are relieved by suitable means _ 
(relief annealing) cambering would not > 


occur. 


Residual stresses are an important con- _ 
tributing factor in the fracturing of © 
metals and other substances. 

Timoshenko (2) discusses the caseofa 
residually stressed brittle body that is 
parted. The residual stress state may be _ 
so disturbed as to produce stresses exceed-_ 
ing the fracture stress and cause failure. 
The particular example Timoshenko de- 
scribes is that of a glass ring having —_ 
residual stress distribution of the nature 
shown in Fig. 50. Timoshenko goes on to 
suggest that such a general mechanism 
could easily account for the cracks that 
occur on occasion when glass is cut. 

Certainly another case of this type i 
the explosive failure of Prince Rupert 
drops. These drops you will recall are 
quenched tear-shaped glass droplets 
loaded with residual stresses. Removing 
the tip of the tear drop by suitable means 
causes the remainder of the drop to 
explode. 

It must be concluded, that residual 
stresses are a potent medium for propa- 
gating brittle failure if the residual stress 
state is critically disturbed. In the exam- 
ples cited so far the disturbance resulted 
from the mechanical removal of part of, 
or the severence of the body, but this 
disturbance quite possibly could be 
effected by other means. 

Many metals in the presence of certain 
corroding media will develop cracks. If, 
in addition, the metal is stressed this type _ 


Residual Stresses and Fracture: 


Ss 


| 
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Fic. 50.—Timoshenko’s Example of how Resid- 
; ual Stresses may Cause Fracture in Brittle 
Substances. 

A glass ring is presumed to contain tangential resid- 
ual stress distributed along the cross-section mn accord- 
ing to the line abd. If the ring be cut radially along the 
dashed lines, the residual stresses cause the ring to spring 
inward. Such an elastic deformation would poet be 
ye ee by the application to the ends of each por- 
tion of the ring of two equal and opposite couples, the 
action of which would be opposed by the internal stress 
distribution cde. In the present case, the residual stress 
in the glass ring after cutting will be the difference be- 
tween ab and cde as shown in the figure by the shaded 
area. If the inner radius of the ring is small, there is a 
high stress concentration at the inner boundary, and the 
maximum residual stress after inner cutting represented 
by bc may be larger than the maximum stress before 
cutting. 
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Fic. 51.—Fire-Cracked Tube. 


of attack will be enormously accelerated 
even to the point of explosive violence. 
Cracking of iron or steel when exposed to 
hot caustic solutions or copper alloys 
when exposed to ammoniacal solutions 
or silver alloys to ferric chloride solutions 
and of aluminum, magnesium and even 
gold alloys to other corrosive media have 
been extensively discussed in the litera- 
ture (36). The exact nature by which 
such rapid failures occur is certainly not 
known. Empirically it has been observed 
that the fractures are brittle, showing no 


that the cracks develop catastrophically 
rather than gradually, that a given metal 
will react to only certain select corroding 
media, that the composition of the alloy 
is critical, and that the time required for 
such failures to occur is tremendously 
reduced as stress is increased. A closely 
related phenomenon is the cracking of 
metals when stressed in the presence of 
molten metals or alloys. Steels will crack 
when exposed to molten tin, antimony, 
white metal, aluminum, copper, etc.; cop- 


mae allasss tha 


ugh imrnune when stress- 


thatthe deformation near the crack, 
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free, will crack when stressed if exposed 
to lead, tin, solder, mercury (at room 
temperature); aluminum can crack in 
tact with aluminum solders. As in the 
ase of stress-corrosion cracking in aque- 
us solutions, the failures are brittle, 
there is a selectivity between metal and 
sroding medium, the composition of 
the alloy is critical, and high stress will 
reduce the cracking time enormously. 
[he qualitative relation between stress 
ind time, for example, is exploited in the 


Fic. 52.—Fire-Cracked Strip. 


mercurous nitrate test—as described in 
AS.T.M. Method B 154 - 45%—as a 
quick means of determining the presence 
of residual stresses. The explosive failures 
that occasionally occur in the course of 
this test are suggestive of the failures dis- 
cussed in the case of Timoshenko’s glass 
ing and Prince Rupert’s drops, and raise 
the speculative question of whether the 
action of mercury is a dual one of em- 
brittling the metal and critically disturb- 
ing the residual stress state. 


by Standard Method of Mercurous Nitrate Test for Co 
Part Alloys, 1946 Book of A.S.T.M. Standards, 


Stressed metals when heated can crack. 
It should be recalled that while heat can 
relieve residual stresses, the process is 
not instantaneous and that consequently 
residual stresses can operate ir metals for 
finite times. The effects of residual 
stresses can be made more virulent by 
the added action of thermal stresses when 
heating is sudden or rapid. The simplest 
explanation for such cracking is that re- 
sidual stresses (in conjunction with ther- 
mal stresses) exceed the fracture stress of 


the metal (which falls with rising tem- 


perature) and failure ensues. Such a sim- | 


. 
ple explanation misses, however, some of 


the subtleties involved in the various 
modes of failure to the extent that the 
measures proposed for the avoidance of | 
one type of heat cracking can aggravate 
another type of heat cracking. One type 
of heat cracking is commonly termed fire- 
cracking. It is characterized by gross 
failures extending the length of a tube 
(Fig. 51), across the width of a sheet 
(Fig. 52), or as a maze of cracks on a strip 
surface. The failures are brittle. They 


d 
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occur catastrophically. The presence of 
certain low-melting impurities (such as 
lead or tin in copper alloys) greatly in- 
creases the susceptibility of an alloy to 
fire-cracking. Because of these facts, 
there is legitimate reason to speculate as 
to whether this is not a specialized case 


Fic. JJ. FOTMmea inf Rod Age- 
Hardened in the As-Drawn Condition. 


The section to the left depicts the distribution of both 
longitudinal and tangential residual stresses in a drawn 
rod It is to be noticed that both of these stresses are 
tensile in the surface of the rod. Tais stress field together 
with the stresses resulting from the precipitation of a 
second phase can cause cracking as shown in the right- 
hand drawing. 


of cracking in the presence of liquid 
metals, the liquid metal in this case being 
accessible within the metal itself instead 
of diffusing into the metal from an exte- 
rior medium. In contrast, were the failure 
to be purely mechanical, some ductility 
should be in evidence and the failures 
should be confined to relatively localized 
zones. Definitive experiments would be 
most helpful here. To eliminate fire- 
cracking, Jow-melting impurities should 
be avoided (in the event that they are not 


intentionally added constituents of the 
alloy), the stress state may be avoided in 
the original work, or a low heating rate 
may be employed both to effect relief of 
the residual stress state before reaching 
the working temperature and to minimize 
thermal stresses. 


Fic. 54.—Stress Precipitation Cracking Occur- 
ring in Insufficiently Skew-Rolled Rod. 


Tensile stresses may be reduced sufficiently at the sur- 
face of the rod but not at some point in the interior. 
Cracks occur then beneath the surface where they are dif- 
ficult to detect. 


Still another failure that occurs on 
heating a stressed metal to elevated tem- 
perature is precipitation stress-cracking. 
Although the effects of this phenomenon 
are similar to, and are often confused 
with, those of fire-cracking, there are im- 
portant differences between it and fire- 
cracking, both in mechanism and, from 
the practical side, countermeasures for 
its avoidance. 

We have already stated that precipita- 
tions occurring with volume change 
within alloys will create stress fields 
both the precipitate and the enveloping 
matrix. Although the modes of precipita 


— | a 


Vs 


n- 


tion are myriad, a common habit of pre- 
ipitates is to be lain down in dense mist- 
ike sheets at grain boundaries, slip 
planes, twin boundaries, etc. Such con- 
centrated and oriented precipitation 
elds engender coherent and directed 
stress fields. Augmented by a coherent 
nd directed gross or pervading residual 
stress field—resulting from plastic work- 
ing, for example—the precipitation 
stresses can rupture the metal. The fab- 
ication of some age-hardening alloys 
thus requires astute and judicious con- 
trol. Aging rods or wires as drawn, in 
which condition as we have seen, the 
outer hull is biaxially stressed in tension 
in the longitudinal and circumferential 
directions), will create jagged brittle frac- 
tures of the type shown in Fig. 53. Re- 
moval of the gross stress field resulting 
from drawing can reduce the level of 
stress induced by precipitation alone to a 
point where cracks are not developed on 
aging. The method of removal of the 
gross stress field poses problems, how- 
ever. Thermal methods (stress relief an- 
nealing) would cause precipitation and 
cracking. (It is in this respect that pre- 
cipitation stress cracking can be distin- 
guished from fire-cracking: In the latter 
case a slow heating rate suffices to cause 
relief of residual stress and thus elimi- 
nate failure.) Mechanical methods thus 


(1) E. Heyn, “Internal Strains in Cold Wrought 
Metals, and Some Troubles Caused There- 
by,” Journal, Inst. Metals Vol. 12, pp. 1-37 
(1914). 

The interested reader may wish to consult 

the following additional reviews: 

G. Sachs, “Internal Stresses in Metals,” 

Zeitschrift des Vereines deutscher Ingenieure, 

Vol. 71 pp. 1511-1516, (1927). 

G. Sachs, “Plasticity Problems in Metals,” 

Transactions, For. Soc. Vol. 24, pp. 84- 


92 (1928). 
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represent the most practical solution. 
Surface rolling of regular shapes, (sheets, 
rods, or tubes, etc.), or shot peening of 
irregular shapes will reduce dangerously 
high tensile stress fields or convert them 
to salutory compressive stress fields. Such 
cracks as shown in Fig. 53 can be com- 
pletely prevented by surface rolling 
(skew-roller straightening). Even here it 
cannot be assumed that all surface rolling 
will eliminate the development of cracks 
and due cognizance of the fact must be 
taken that the reduction of tensile re- 
sidual stresses is not a cataclysmic reac- 
tion that occurs suddenly at the magic 
touch of a straightening machine, but 
rather is a gradual transition depending, 
as we have seen, upon certain geometric 
and mechanical variables. Insufficient 
surface rolling will partially relieve crack 
formation in an insidious way. Figure 54 _ 
is a view of a drawn rod straightened in- 
sufficiently prior to aging. The straight- 
ening has converted the surface stresses 
from tensile to compressive and_pre- 
vented cracking there, but its effects have 
not penetrated deep enough to annul 
enough of the tensile stress produced 
during drawing to prevent cracking be- 
low the surface where it cannot be found 
by superficial inspection but where it can 
play havoc in subsequent machining 
operations, fatigue performance, etc. 
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EFFECT OF MANUFACTURING PRACTICE ON CREEP AND 
CREEP-RUPTURE STRENGTH OF LOW-CARBON STEEL* 


By G. V. E, J. Dutis! 
t 


SYNOPSIS 


Comparative creep to rupture tests at 850 F. on twelve heats of low-carbon 


stee! made by different melting and deoxidation practices show a rather wide 
range in results dependent chiefly upon the deoxidation practice employed. 


Examination of published data on the 


creep strength of low-carbon steel at any 


given temperature reveals a wide spread 


in stress required to produce a given 
creep rate. Since it has been established 


that the reproducibility of creep tests 


_ in different laboratories may be of a high 


order (1),2 it seems probable that this 
wide spread in results is to be attributed 
largely to differences in deoxidation and 
other manufacturing practices as well as 
to differences in heat treatment. This 


has been recognized for some time, and 
in an effort to evaluate the influence of 


such variables, the Joint A.S.M.E.- 


j A.S.T.M. Research Committee on the 


K:ffect of Temperature on the Properties 
of Metals has sponsored a program of 
experimental research. The results of 
this investigation, which has involved 


comparative creep tests of relatively 
_ short duration and which is still under 


way, have been presented in a series of 
progress reports (2, 3, 4). They clearly 


show that deoxidation practice, heat 


treatment temperature, and mode of 
cooling therefrom exert a very significant 
influence on creep strength. For carbon 
steels of similar heat treatment, the 


* Presented at the Fifty-second Annual Meeting of 
the Society, June 27-July 1, 1949. 

1 Research Laboratory, United States Steel Corp. of 
Delaware, Kearny, N. J. 

2 The boldface numbers in parentheses refer to the 
list of references appended to this paper, see p. 599. 


results indicate a detrimental effect of, 
large aluminum addition for deoxidation, 
although a moderate amount of this 
deoxidant added with silicon yielded a 
steel slightly more creep-resistant than 
one deoxidized with silicon only. 

More recently, Glen (5) has reported 
on the “abnormal” creep of carbon steels, 
by which is meant ‘“‘a deterioration in 
creep characteristics due to deoxidation 
practice, involving differences in the 
amounts of aluminum and silicon used,” 
and of ameliorating the effect by adding 
manganese, silicon, and molybdenum. 
Glen observed, however, that aluminum 
resulted in “appreciable” deterioration 
only when the addition was sufficiently 
large to yield a fine grain size in the usual 
carburizing grain-size test. 

The present paper presents the results 
of creep and creep-to-rupture tests at 
850 F. for periods up to 3500 hr. on 12 
heats of normalized low-carbon steel 0! 
commercia! manufacture, representing 
various refining and deoxidation prac 
tices. 


MATERIAL AND PROCEDURE 
The identification, type of steel, chem! 
cal analysis, and deoxidation practice 0! 
twelve steels investigated are given 
Table I. Capped steels A and B repre 
sent the one extreme of steels essential) 
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sot deoxidized, whereas the remainder 
represent different degreees and types of 
oxidation. Both open-hearth and bes- 
emer steels are included. Steels E, F, 

and H are open-hearth steels de- 
idized with silicon or silicon aluminum. 
The last four steels, I, J, K, and L, 
represent killed bessemer steel and are 
usual in that prior to final ladle 
oxidation they are recarburized and 
artially deoxidized in the converter by 
the addition of molten pig iron. 

Steels A, B, F, H, I, J, and L were 
received in the form of longitudinal 
dices of pipe of 3-in. wall thickness, 


loading lever. 


TABLE I.—DESCRIPTION OF STEELS. 
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therein, tension-type specimens } in. in 
diameter by 1-in. gage length are em- 
ployed for the creep-to-rupture tests, 
while 3-in. diameter by 2-in. gage length 
specimens are employed for the creep 
tests not continued to fracture. 
latter tests, the creep of the specimen is 
determined directly by sighting with a 
microscope, through a window in the 
heating furnace, upon reference units 
rigidly attached to the specimen. The 
considerably larger creep of the creep-to- 
rupture test specimens is recorded auto- 
graphically from the deflection of the 
The initial deflection on 
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In the 


ode} Heat 


..| No. 9188 


No. 


Check Analysis, per cent® 
Type 

C |Mn| P S | Si | Al |AlO; 

Capped open-hearth 0.07|0.45/0.006/0.020 0.005}. ...]. ... 
‘apped bessemer ...]. ... 
i killed open-hearth |0.005,0.002 

eart 

Si-Al killed open-hearth |0.007/0.003 

Si-Al killed open-hearth 0.24/0.86 0.013,0.021 0.23 |0.033). .. 
Si-Al killed open-hearth |0.16/0.51/0.013,0.020 0.16 |0.035 0.006 
Si killed open-hearth 0.27/0.52,0.016,0.025,0.22 |0.006). ... 
Si-Al killed bessemer 0.14'0.54'0.074:0.022 0.18 |0.025). ... 
Si-Al killed bessemer 0.13/0.48 0.087'0.029.0.21 |0.047). ... 
Si-Al killed bessemer 0.15/0.46 0.088 0.018 0.22 |0.024'0.005 
Al killed bessemer 0.066} . 


Main Deoxidizers,° 
lb. per ton 


.| None 


None 

10 FeSi, 6 FeCTi 

10 FeSi, 4 FeCTi, 
0.5 Al 


10 FeSi, 1 Al 
8.4 FeSi, 18 


10 FeSi, 3 Al 
10 FeSi, 2.5 Al 
3.4 Al 


‘The absence of a value indicates that no determination was made. . 
FeSi refers to ferro-silicon; FeCTi refers to ferro-carbon-titanium; Al, to aluminum. 


vhereas the remainder were received as 
lin. diameter rolled bar. 
machining into test specimens, all of the 
teels were heated at 1650 F. for 3 hr. 
and air-cooled (normalized). The re- 
sulting A.S.T.M. ferrite grain size ranged 
om 3 to 9 and the Vickers hardness 
irom 9) to 145; both are listed in Table 
I. The microstructure of steel E 
which is representative of all except the 
two higher carbon steels, F and H, is 
‘town in Fig. 1(@). The microstructure 
of steel H, representative of. the two 
higher carbon steels, is shown in Fig. 2(a). 

The creep and creep-to-rupture tests 
"te made at 850 F. employing the 
rulpment and procedures which have 
en described earlier (6). As described 


Prior to 


the specimen. 


loading is in error when measured in 
such a way owing to the deflection of the 
test stand itself; this deflection in the 
test stand is proportional to the load and 
hence a correction may be applied to the 
measured deflection to give a good ap- 
proximation of the initial extension of 


During test, only the 


reduced section of the test specimen 
deforms, since the load remains con- 
stant, and accordingly the lever deflec- 
tion is an accurate measure of the creep 
of the test specimen. 

After test, the specimens which had 
fractured were examined microscopically 
for evidence as to the nature of the 
fracture and for evidence of micro- 
structural changes. Notch impact speci- 
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-mens (% size) were machined from test RESULTS AND Discussion 
specimens discontinued before fracture A tracing of a typical elongation-time 
and tested at room temperature for curve as obtained autographically during 


iy’ 


1000 
(a) Steel E Before Test, Transverse Section, Ferritic Matrix with Well Defined Pearlite. 


X 1000 
(b) Steel E After Test at 850 F. for 900 hr. Under 26,000 psi. Longitudinal Section in Equiase! 
Grain Portion of Fractured Specimen. Pearlite Partially Spheroidized. 


Fic. 1.—Microstructure of Steel E Before and After Test. Etched in Nital-Picral. 


evidence of embrittlement; each speci- a relatively short-time cup ene 
men was also examined microscopically test is shown in Fig. 3. On it are m& 
and its hardness measured, cated the minimum creep rate, the iter: 


— 
| 
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pt of this rate on the strain axis, and both types of data are needed for in- 
time of rupture. By plotting the  telligent design of structures to operate 
minimum creep rate and the time for at elevated temperature.* Of somewhat 


4 


(a) Steel H Before Test. Transverse Section. Note Evidence of Duplex Grain Size and Partial 
Vidmanstatten Structure. Some Pearlite Unresolved. 


1000 
¢ (b) Steel H After Test at 850 F. for 750 hr. Under 27,000 psi. Longitudinal Section in Equiaxed 
‘ain Portion of Fractured Specimen. Note Partial Spheroidization. 


Fic. 2—Microstructure of Steel H Before and After Test. Etched in Nital-Picral. 


rupture against the stress, in the custom- ess importance, though of definite 


‘ty Way, the stress to produce a specific _ interest, is the relation between fracture- 
qtep rate, or a specific rupture time, can 


: 3 This subject is discussed in somewhat greater detail 
determined. In the general case, in reference (6), and in a subsequent section of this paper. _ 
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time and the ductility as indicated by 
the final elongation or reduction of area 
_ measured on the fractured specimen. 


for rupture in 1000 and 10,000 hr and 
for a minimum creep rate of 0.1 and (for 
five of the steels) 0.0001 per cent per 


TABLE II.—SUMMARY OF TEST RESULTS. 


Ferrite Grain 


Code Size” 


Cap. O.H. 5 to7 

Cap. Bess 4to5,6to8 
Si-Ti O.H. 6to8 
Si-Al-Ti O.H. 7 to8 
| Si-Al O.H 6to8 
....| Si-Al O.H, 8 to9 
..| Si-Al O.H 7 to8 

SiOuH 3 to 4,6 to8 

| Si-Al Bess. 

Si-Al Bess. 

..| Si-Al Bess. 
| Al Bess. 


At 850 F. 


Room Tempera-| Stress for Rupture, | Stress for Minimum 
ture Hardness psi. Creep Rate, psi 


0.1 per (0.0001 
1000 hr. 10,000 cont per cent 
| hr. hr. 
15000 | 19 500 
18 000 
19 500 
18 000 
20 000 
17 000 
13 500 
22 000 
13 000 
13 000 
12 000 
12 000 


@ Cap. O. H. = capped open-hearth; Al Bess. = aluminum-killed bessemer. 


6 According to A.S.T.M. Charts for Classification of Austenite Grain Size in Steels (E i9- 46), 1946 Book of AS.T M. 


Standard, Part I-A, p. 682. 
© Extrapolated. 


Stoge |= — Stage 2 


' 
. 


Time 
1G. 3.—Representative Autographic Elongation-Time Curve. Steel F at 850 F. Under 35,00 P* 


Individual graphs showing all these 
relations for each steel are given in Figs. 
4 and 5.4 From these curves, the stress 

4 Not all tests were continued to rupture, however, and 
therefore more points will be found on the plots of stress 


against minimum creep-rate. In general these tests had 
minimum creep-rates not exceeding 0.001 per cent per 


hour have been interpolated and at 
recorded in Table II to permit 

comparison of the steels. It is of interest 
to note that in general a steel which his 
a high creep strength likewise has a high 


 * The 10,000 hr. value was obtained by extrapolation. 
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reep-rupture strength, but that neither as well as log-log plotting, though these 
reep nor creep-rupture strength shows data are probably not well suited for 
ny relation to room temperature hard- distinguishing between the two plots. 
ness. The occurrence of two _ intersecting 


Minimum Creep Rate, per cent per hr. 


0.00001 0.000! 0.001 0.01 1.0 10 100 
50 000 - Elong.— Time 50 
10000 — | Stress _ Steel A Time 10 
50,000 bas *—~“Elong.— Time 50 
50,000 Elong.-Time 
a Steel C io 
Red.-Time 
Stress - Rate Steel D ime 3g 
50 000: _Elong.—Time 50 
100 
ed-Ti 
50,000 Time 50 
0.001 0.01 0. 10 10 100 1000 10000 


Time To Rupture, hr. 


fic. 4.—Summary Charts Showing the Relation Between Stress, Reduction of Area, or Elongation, 
and Rupture-Time and Between Stress and Minimum Creep Rate 
for Steels A to F at 850 F., Compare Fig. 5. 


Sess versus Time to Rupture: straight lines, in which the longer time 
The relations between stress and time portion always has the greater negative 
‘0 rupture, Figs. 4 and 5, proved, when Slope, has generally been associated in r 
plotted on log-log coordinates, to be a__ the literature with a change in the path 
straight line, or two intersecting straight of fracture from transgranular (across : 


és, in confirmation of the results of _ the grains) at the shorter time periods to 
many other investigators. Semi-log intergranular (at the grain boundaries) 
plotting did not appear to suit the data at the longer time periods. According 
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Ag? 

to White, Clark, and Wilson (9), and 
Thielemann and Parker (7), the change 
q slope is caused by the life-shortening 


effect of intergranular cracking in an 
oxidizing atmosphere such as air; in a 
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breaks in the stress-time curve for most 
of the steels, but in such instances we 
have not been able to detect any differ. 
ence in the character of the fracture 
either by macroscopic or microscopic 
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non-oxidizing atmosphere, intergranular 
failures appear at the same stress and 
time, but no change in slope occurs. 
These relations were established on the 
basis of a limited number of tests, and 
should be checked by further studies. 
The graphs in Figs. 4 and 5 show slight 


—Summary Charts Showing Relation Between Stress, Reduction of Area, or Elongation, 
and Rupture-Time and Between Stress and Minimum Creep-Rate 
for Steels G to L at 850 F., Compare Fig. 4. 


study. All specimens of a series 4p 
peared to “neck in” to an equal degree 
and examination at high magnification 
showed severely deformed grains at | 

fracture with no intergranular cracking 
all of which is indicative of transgranula 
failure. It should be noted that in thes 
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curves the change in slope is quite small. 
The results of our examination of the 
fractures are discussed more fully in a 
flowing section. In any event, the 
existence of a linear relation between log- 
gress and log-rupture time is fortunate 
n that extrapolation to long service life 
an be made with some confidence. The 
wssibility of a further break in the curve 
should, however, not be overlooked, 
though none has been found by other 
investigators, as well as in other tests in 
this laboratory, in tests out to some 
10,000 hr. 


Stress versus Minimum Rate of Extension: 


The relation between stress and mini- 
mum creep rate is also a straight line on 
log-log coordinates, as apparent in Figs. 
4and 5, though the individual points 
deviate more from the mean than in the 
previous case. This relation has been 
generally observed, though data reported 
by Nadai (8) and others show a tendency 
for such a curve to turn downward at 
creep-rates of the order of 0.00001 per 
cent or less per hour. For such cases, 
ithas been proposed that a hyperbolic 
sine relation represents the data more 
accurately. It is interesting to note in 
Figs. 4 and 5 that the data from the very 
slow creep tests of steels C, D, E, G, and 
Kat rates approximately 0.0001 per cent 
per hour align with the faster rate data 
obtained in the creep-to-rupture tests. 
Similar agreement was earlier noted in 
tests of 18 per cent chromium, 8 per cent 
nickel-molybdinum (A.1.S.I. Type 316) 
6). It is also worthy of note that the 
relative strength of the five steels for 
which slow rate data are given in Table 
Tis the same at a rate of 0.0001 per cent 
pet hour as at 0.1 per cent: per hour. 
Within what limits this may be generally 
ie is not known since it obviously 
depends upon the slope of the log-log 


a hope to shed more light on this subject in a forth- 

' ng paper describing tests on 18 per cent chromium- 
ber cent nickel type steels. gees 


= 


plot, which differs somewhat from steel 
to steel. 


Ductility versus Time: 


The elongation or reduction of area of 
carbon steel at 850 F. generally either 
remains substantially unchanged or in- 
creases slightly with increasing time to 
rupture, as apparent in Figs. 4 and 5. 
This contrasts with the loss in ductility 
with increasing time generally encoun- 
tered at higher temperature. For ex- — 
ample, White, Clark, and Wilson (9) 
found a rather sharp drop in elongation 
or reduction of area with increase of 
rupture time for carbon steel at 1000 F. 


Strength of Carbon Steel at 850 F.: 


The data obtained in this investigation 
show that a remarkable variation in creep 
behavior of carbon steel exists depending 
on the mode of manufacture and deoxida- 
tion. For the steels here studied, which 
represent practically the gamut of carbon 
steels used at elevated temperature, the 
stress for rupture in 10,000 hr. ranges 
from 12,000 to 22,000 psi., and the stress 
to produce a minimum creep rate of 0.1 
per cent per hour from 19,000 to 32,000 
psi. These steels were selected pri- 
marily to cover the whole range of 
manufacturing and deoxidation prac- 
tices used for this grade, and secondarily 
to obtain some information on the 
reproducibi'ity of properties in heats 
manufactured and deoxidized in a nomi- 
nally identical way. Owing to the 
simultaneous variation of several factors, 
no attempt has been made to draw any 
conclusions regarding the effect of indi- 
vidual elements. 

The most important factor influencing — 
the creep rate or creep-rupture strength 
of the steels tested is evidently the 
deoxidation practice. Excluding the 
capped steels, the weakest of the open- 
hearth steels tested, both in creep rate 
and creep rupture, is steel G, deoxidized 
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with the greatest amount*of aluminum, 
and the strongest in both respects is 
steel H to which no aluminum was 
added. However, steel H has the highest 
carbon content and a duplex grain size 
and this weakens the comparison. ‘The 
next strongest open-hearth steel is E, 
- deoxidized with silicon and 1 Ib. of 
aluminum per ton of steel, and this steel, 
peo with similarly strong steels C 
and D, is also next to H in the series of 
increasing degree of deoxidation, as 
judged by the additions. The four 
highly deoxidized bessemer steels I 
through L, to each of which was added 
more aluminum than to any open- 
hearth steel of the series, were equally 
‘ee both in creep-rupture strength and 
creep strength, and the influence of 
-deoxidation practice cannot be judged 
except by comparison with capped steel 
_B, which was somewhat stronger. The 
_ capped steels appear to be in a category 


of their own, having intermediate to low 


Brose in spite of having had no 


deoxidizer added. ‘These two steels were 
the lowest in carbon of those examined, 
but the specific réle of carbon is not 
known. Comparison of the results for 

steels F and H which were similarly 
—deoxidized suggests that higher carbon 
and manganese may mitigate the detri- 
~ mental effect of large aluminum addition. 

A broad comparison between bessemer 
and open-hearth processes cannot be 
made since only the extremes of deoxida- 
tion were employed in making the bes- 
-semer steels. However, comparison of 
steel G, the most severely deoxidized 
open-hearth steel, with bessemer steels I 
through L shows all to have approxi- 
mately the same strength. These latter, 
however, were somewhat more severely 
deoxidized, as judged by the additions. 
On the other hand, capped bessemer 
steel B is slightly superior to capped 
open-hearth steel A. In this connection, 
any superiority of the bessemer steel is 


{ SMITH AND DULIS 


perhaps to be attributed to the greater 
amount of phosphorus characteristic of 
this steel, since this element is generally 
considered to improve creep strength (10) 
It seems probable on the basis of the data 
reported here that method of refining js 
a factor, but that it is secondary to 
deoxidation practice. 

Since deoxidation practice exerts 4 
very pronounced influence on creep be- 
havior, and since the differences in com- 
position are small and several elements 
vary in amount simultaneously, it seems 
impossible to draw any inferences re. 
garding the influence of individual ¢le- 
ments. The behavior of steels A and B 
suggests that phosphorus is beneficial, 
as pointed out in the preceding para- 
graph, but this must be based largely on 
other work, since the strength of bes- 
semer steel may also be affected by the 
appreciably higher nitrogen of these 
steels, Table I. For evaluating the 
influence of individual elements, it would 
seem necessary to conduct experiments, 
specifically designed for this purpose, in 
which very careful attention is paid to 
control of all variables. 

Comparison of steels I, J, and K which 
are similar in all respects—manufactur- 
ing practice, deoxidation practice, com- 
position, hardness and grain size—shows 
remarkably good agreement in both 
creep and creep-rupture strengths, and 
is an indication that the range in proper- 
ties of carbon steel is attributable to 
variation in known and _ controllable 
variables and not to random, unknown 
factors. 


Examination of Unfractured Specimens: 


Notch-impact test specimens of the 
Charpy keyhole type, and necessarily 
subsize (2), were machined from the 
reduced section of the }-in. diameter 
creep specimens that were removed from 
test before fracture with a permanent 
elongation of less than 2 per cent. These 
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were tested at room temperature in 
comparison with similar samples repre- 
gntative of the material prior to creep 
test to determine whether embrittlement 

r other changes had occurred during 
reep-test exposure. Hardness _ tests 
ere made on these notch-impact sam- 
ples at a position unaffected by the im- 
pact tests. The results of these tests 
are presented in Table III. Inspection 
reveals that no very significant changes 
curred. 

The notch-impact samples were ex- 
amined microscopically for evidence of 
| microstructural changes which might 
have occurred during creep-test ex- 


TABLE II].—HARDNESS AND NOTCH-IMPACT 
STRENGTH AT ROOM TEMPERATURE BEFORE 
AND AFTER CREEP TEST AT 850 F. 


| Hardness, | Notch Im- 
DPH (20kg.) pact, ft-lb.* 

d Si Ti O.H. 18 | 116 | 30.5! 24. 

ee Si-Al-Ti O.H. 113 114 34. 35. 
S; = Si-AlO.H. 114 119 34. 28. 
Si-Al O.H. 124 122 Mm. | 
ut K Si-Al Bess. 140 135 | 34. 30.5 


“ Average of two or more Charpy keyhole tests of 
{-size specimens. 
; posure. Some slight spheroidization of 
carbide was the only change observed. 


Examination of Fractured Specimens: 


All of the test specimens ‘“necked-in” 
at fracture even for the longest test time, 
some 3500 hr. Since many of the stress 
‘asus rupture time graphs showed a 
break, and since, as discussed earlier, 
this generally has been assumed to cor- 
spond to a change from transgranular 


intergranular fracture, we prepared 
the | 4 carefully examined with the micro- 
rly ‘cope a longitudinal section through each 
the facture. Figure 6(a) shows the ap- 


eter of a typical specimen and 
rom ilustrates the “necking-in” at the frac- 
nent ture, which was common to all the 
hese ‘pecimens. As “necking-in” is char- 
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acteristic of transgranular fracture (11), 
at least of ductile metals, and since the 
occurrence of “‘necking-in” beyond the 
break is in conflict with the generally 
assumed significance of the break in the 
curve referred to above, we had addi- 
tional reason to examine microscopically 
the fractured specimens. Such examina- 
tion failed to show any indication of 
intergranular failure. In every instance, 
the necked-down portion of the specimen 
showed severely elongated grains, frac- 
ture appeared to be across the grains, 
and there were no intergranular cracks 
back from the fracture or at the surface 
of the specimen, as generally character- 
istic, in our experience, of intergranular 
fracture. The photomicrographs of Fig. 
6(b) are characteristic of the structure at 
or near the fracture. 

Away from the fracture (Fig. 6(a)), 
the grains were equiaxed as in the un- 
deformed specimen, though of course the 
deformation in this region is considerably 
less than at the fracture. The equiaxed 
grains are more on the order of what 
might be expected in service, since 
presumably extension in service will 
never be as great as in the necked region. 
Figures 1(b) and 2(b) show the micro- 
structure of the region of equiaxed grains 
in relation to the original structures 
‘shown in Figs. 1(a) and 2(a). It is to 
be noted that some spheroidization has 
occurred in the instances shown, both of 
which are relatively long tests, the degree 
of spheroidization increasing with time 
of test. No graphite was noted in any 
specimen either away from or near the 
fracture. 

The fact that, in no instance, did 
metallographic examination show inter- 
granular fracture is in conflict with the 
generally accepted significance of the 
break in the log stress versus log rupture- 
time plot, but as pointed out earlier, the 
break in no case was very pronounced, 
and it seems desirable, therefore, to 
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(a) Typical Appearance of a Longitudinal Section Through the Fracture of all of the Specimens te 
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(b) Longitudinal Section of Fractured Specimen of Steel E After Test at 850 F. for 900 hr. Under 
26,000 psi. Showing Elongated Grains at the Fracture. 


Fic. 6.—Characteristics of Fracture of Carbon Steél at 850 F. Etched in Nital-Picral. 
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await the results of further tests before 
drawing definite conclusions. 

Miller, Smith, and Kehl (11), in con- 
trolled strain rate tension tests of molyb- 
denum steel at 850 F., the longest of 
which required 425 hr. for fracture, 
found no evidence of other than trans- 
granular fracture at this temperature, 
yet in similar tests at 1000 and 1100 F. 
intergranular fracture was observed. 
White, Clark, and Wilson (9) also found 
intergranular fractures in carbon steel in 
long-time creep-rupture tests at 1000 F. 
or higher, but did not test at lower 
temperature. 

The results of all these tests, and of 
others, indicate that the type of fracture 
—transgranular or intergranular—de- 
pends both on the temperature and on 
the time of tests. Intergranular fracture 
is favored by long time, that is low creep 
rate, or high temperature. Thus, the 
higher the temperature, the shorter the 
test time at which intergranular fracture 
is to be expected. Again, however,’ too 
sweeping a generalization should not be 
made pending further testing. 

Hardness tests were made in the 
“necked-in” elongated-grain region and 
in the equiaxed-grain region of the 
metallographically-prepared fracture sec- 
tions. Table IV summarizes the results 
of such measurements on each specimen 
of steel K. With minor differences, all 
the other steels behaved similarly. The 
hardness immediately at the fracture 
decreases slightly if at all, with increasing 
time for fracture, whereas the hardness 
in the equiaxed region decreases to a 
considerably greater © degree. The 
greater hardness immediately at the 
fracture is evidently caused by the 

greater deformation. Whether defor- 
mation independent of time at tem- 
Mrature is the only factor active in 
‘etermining the hardness at any position 
Snot known, It seems more plausible 


that both time at temperature and 
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deformation are active in the general 
case, though for the relatively low 
temperature of 850 F., the latter may be 
the controlling influence. Certainly if 
the temperature is sufficiently high and 
the time sufficiently long, recovery and 
recrystallization must come into play as 
deformation proceeds. 


Use of Creep Data in Design: 


The intelligent choice of working 
stresses for service at elevated tempera-_ 
ture would appear to be conditioned by 
two limitations, providing it is first 
recognized that the mere occurrence of | 
creep compels the engineer to design for 


TABLE IV.—HARDNESS OF CARBON STEEL K 
AFTER CREEP-RUPTURE TEST AT 850 F. 
INITIAL HARDNESS—140. 


DPH Hardness { 
(20 kg.) 
Stress, psi. 
| 
Fracture Fracture 
Re 0.9 238 198 
Sree 2.4 239 190 
30 000...... 56.2 235 177 : 
eran 282.0 231 164 
1180.0 232 156 


a specific, rather than an indefinite, life. 
These limitations are: (1) that within 
the assumed life, the total creep must not 
exceed a certain value; for example, so 
that turbine blades do not jam against 
the housing; and (2) that within the 
assumed life, and within the limitation 
of a specific total creep, the metal does 
not fracture. 
The majority of data on creep avail- 

able in the literature are in terms of the “( 
stress to produce a minimum creep rate 
(Fig. 3) of 1 per cent in 10,000 or 100,000 
hr., or more properly 0.0001 or 0.00001 
per cent per hour. This method of 
reporting data is inadequate because of 
uncertainty as to: (1) how long the 
minimum rate of creep is maintained, (2) 
the total amount of deformation at the 
end of the assumed life, and (3) whether 
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the structure will have failed before the 
end of the assumed life. 

In recent years more and more creep- 
rupture data have become available to 
‘supplement creep data, and this has 
‘removed the uncertainty listed as item 
3 above. However, little additional 
evidence regarding the first twp items 


the time (12, 13). Accordingly, since 
there already exists a rather simple 
relation between stress and minimum 
creep rate amenable to extrapolation 
with some confidence (at least within 
certain limits), all that is required to 
obtain the total extension at any time 
(assuming that the third stage is not 
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Fic. 7.—Relation Between Stress and Intercept Deformation, Co (Fig. 3), for Five Carbon Steels 


Tested at 850 F. 


become available.’ Referring to Fig. 
3, it is readily apparent that the total 
extension at any time, at which the 
minimum creep rate is still existent, is 
given by the summation of the intercept 
deformation, Co, obtained by extending 
_the minimum slope to the ordinate axis, 
and the deformation obtained by multi- 
plying the minimum rate of extension by 


F 7 A notable exception is the work during and since the 
War on so-called super-alloys for use in super-chargers, 
jet propulsion, and similar applications. 


reached) is a similarly simple relatior 
between the intercept and stress. Fig: 
ure 7 gives this relation for the five steels 
for which slow-rate creep tests had been 
made. Data for the other steels which 
were tested only to rupture are not pre 
sented since no tests were made at low 
stresses, where interest centers. The 
curves shown in the plot are similar 
ones previously reported by McVetty (12) 
The data shown in Fig. 7 include both 
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standard creep tests, with direct observa- 
tion of strain, and creep-rupture tests. 
The strains for the creep-to-rupture tests, 
being determined by the fall of the lever 
6), have been corrected for the initial 
elastic extension occurring elsewhere in 
the apparatus than in the specimen. 
During test no further strain occurs in 
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the beginning of tertiary or accelerating 
creep, it is desirable to know when this 
may be expected. Fortunately, there 
appears to be a relatively simple relation 
between this quantity and the stress, 
(Fig. 8), at least for carbon steel at 850 F. 
Comparison of these graphs with the 
stress versus rupture-time graphs of Figs. 
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Fic. 8.—Relation Between Stress and Time for End of Stage of Minimum Creep Rate. 


the test stand, since the load remains 

‘onstant. Although some scatter is 

‘pparent, the data appear to be well 

‘uited for determining total deformation 

a ty the means indicated earlier. In 
man 

The y instances the amount of extension 


ad presented by the intercept is of minor 
a0. “mportance, but in other instances it may 
both ‘every important. 


Since the previously described means 


of calculating total creep is limited by 


100 1000 10, 000 


4 and 5 shows that the stress for the end 
of the stage of minimum creep rate at any 
time lies in each case about 1000 psi. 
below the stress to produce failure in that 
same time. ‘The data deviate more from 
the mean than in the graph of time for 
rupture. This is attributed to the 
difficulty of determining the onset of 
tertiary creep in the elongation-time 
curve. The graphs in Fig. 8 have not 
been extrapolated because of this devia- 
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tion and because there is a change in 
slope near the long-time end of the 
curves. In other instances, this change 
or break will undoubtedly be sharper and 
occur in a shorter time, so that more 
precise information can be obtained 
regarding the shape of the curve beyond 
the break. 


SUMMARY 
Dependent upon the refining and de- 


_ oxidation processes, the estimated stress 


for rupture in 10,000 hr. ranged from 
12,000 to 22,000 psi., and the observed 
stress to produce a minimum creep rate 
(the so-called second stage of the elonga- 
tion-time curve) of 0.1 per cent per hour 


_ ranged from 19,000 to 32,000 psi. 


d 


Excluding capped steel, which was of 
intermediate strength, and ignoring the 
possible effect of differences in chemical 
composition and in structure, the weakest 
of the open-hearth steels tested was that 
deoxidized with the greatest amount of 
aluminum, and the strongest, that de- 
oxidized with silicon but no aluminum. 
The bessemer steels (other than the 
capped heat) were similar to one another 
in degree of deoxidation and showed 
remarkably uniform results; it is pre- 
sumed, however, that the rdle of de- 
oxidation in bessemer steels is as impor- 
tant as in open-hearth steel. The agree- 
ment in the results of the similarly 
deoxidized bessemer steels indicates that 
the range of creep properties in carbon 
steel can be controlled within narrow 
limits if warranted, provided attention is 
given to known variables. 

The influence of type of refining proc- 
ess, bessemer or open-hearth, is indi- 
cated to be minor, relative to the effect 
of deoxidation pr. -tice, but the range of 
materials investigated was not suffi- 
ciently extensive to permit comparison of 
open-hearth and bessemer steel over the 
whole range of deoxidation practice. 

The variation in composition was too 
great and the number of steels too few 


to permit any conclusions regarding the 
influence of individual elements, though 
any such influence within the range of 
variation of commercial low-carbon steels 
appears to be minor, relative to deoxida- 
tion practice. 

The relation between stress and time 
for rupture, and between stress and 
minimum creep rate, proved, in con- 
firmation of the results of other investi- 
gators, to be relatively simple, being 
linear on double logarithmic coordinates, 
Figs. 4 and 5, and therefore suitable for 
at least limited extrapolation. In this 
relation, it was observed that minimum 
creep-rate data obtained for five of the 
steels at rates on the order of 0.0001 per 
cent per hour at stresses too slight to 
produce rupture within an arbitrary 
3000-hr. test period, aligned with the fas- 
ter rate data of the cree »-to-rupture tests. 

Within the test times here studied, the 
elongation and reduction of area re 
mained substantially constant, and the 
type of fracture remained transcrystal- 
line throughout. All specimens “necked 
in” and showed severely elongated grains 
at the fracture. Some slight spheroidiza- 
tion, but no graphitization, was ¢t- 
countered, particularly in the longer time 
tests. Notch-impact and hardness tests 
on specimens prepared from creep tests 
discontinued prior to rupture indicated 
that no important deterioration in ord: 
nary mechanical properties occurred 
(Table ITI). 

The relation between stress and the 
end of the period of minimum or uniform 
creep-rate is indicated by comparison of 
Fig. 8 with Figs. 4 and 5, to be nearly 
identical in character with that betweet 
stress and rupture time, the curve fo 
the former lying, for the steels tested, 
some 1000 psi. below the latter at 4%) 
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DISCUSSION 


Mrz. H. C. Cross.'—I have been inter- 
ested in the subject of the effect of 
deoxidation practice on the creep proper- 
ties of carbon steels for some years, and 
I have looked this paper over with a 
great deal of interest. 

I arranged the steels given in Table II 
in the order of their rupture and creep 
strengths. The best steels are those which 
are silicon deoxidized, or silicon deoxid- 
ized with moderate aluminum additions. 
The four best ones are H, E, C, and D; 
two of these four had only silicon or 
silicon-titanium additions. The other two 
had either 3 or 1 Ib. per ton of aluminum 
added, and those amounts of aluminum 
did not seem harmful. 

The balance of the steels of somewhat 
lower strengths had considerably higher 
aluminum additions with about the same 
silicon additions as in the steels with the 
higher properties. 

This suggests there may be a relation- 
ship between silicon and aluminum and 
their effect on creep properties. This 
should be looked into from a fundamental 
standpoint. It should be determined 
whether a steel with an aluminum addi- 
tion of more than 1 lb. per ton would still 
have good creep properties if the silicon 
was increased sufficiently. 

So I am suggesting to the ASTM- 
ASME Joint Committee on Effect of 
Temperature on the Properties of Metals 
that steels be obtained with silicon addi- 
tions of 0.35 to 0.40 per cent in one series 
and 0.50 to 0.60 per cent in another 
series, with the idea of obtaining silicon- 
aluminum ratios at a rather high level. 


1 Supervisor, Battelle Memorial Inst., Columbus, Ohio 


The best four steels tested by Smith 
and Dulis have silicon-aluminum ratios 
ranging from 25 to 50; that is, the silicon 
content divided by the aluminum content 
gave ratios of 25 or more. All of the steels 
with poor properties have silicon-alu- 
minum ratios of 10 or less. 

So I am suggesting to the Joint Com- 
mittee that we determine whether silicon 
and aluminum are related, and whether 
if their ratio be properly balanced, good 
creep properties may be obtained in an 
aluminum-treated, fine-grained carbon 
steel. 

Mr. G. V. Smitu (author).—We shall 
be interested in learning the results of the 
tests which Mr. Cross proposes to make 
to test the idea that the creep strength of 
these steels is related to the ratio of the 
silicon and aluminum contents. 

Mr. Joun Howe Hatv.?—At one time, 
bessemer steel, particularly side-blown 
bessemer steel, was supposed to be in- 
ferior to open-hearth and electric-furnace 
steel; but a few years ago, as you all 
know, it was demonstrated by very care- 
ful tests, that in most respects side-blown 
converter cast steel is in no way inferior 
to electric-furnace or open-hearth cast 
steel. These tests unfortunately did not 
cover creep properties. No data on creep 
strength of converter cast steel have ever 
been published, but the “grape-vine” has 
spread the word that the strength of 
side-blown converter cast steel, for 4 
given rate of creep, is low. 

It happens that in all side-blown com 
verter steels made for castings, including 
those tested for creep, the aluminum 


2 Steel Foundry Consultant, Swarthmore, Pa. 


addition is very high. I have always been 
anxious to see if it is possible to make 
side-blown converter steel for castings 
with much more silicon and much lower 
aluminum than are usually added, and 
whether, in that case, the creep strength 
of that steel would not be as high as that 
of open-hearth or electric-furnace steel. 

What brought that to my mind was 
that, in this paper, I notice in every case 
very high aluminum additions were made 
to the bessemer steel. I should like to ask 
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the“authors if it was necessary to add so 
much more aluminum to the bessemer 
steel than to the open-hearth steel in 
order to prevent porosity and to keep the 
steel from rising in the ingot molds. 

Mr. SmitH.—In reply to Mr. Hall, the 
relatively large aluminum additions to 
the “killed,” deoxidized, bessemer steels 
were made primarily to obtain desirable 
material characteristics, such as mini- 
mum susceptibility to strain-aging em- 
brittlement. 
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THE EFFECTS OF TEMPERATURE AND MATERIAL STRUCTURE ON 


THE FRACTURE PROPERTIES OF MEDIUM-CARBON STEEL*! 


=. 


in GaP 


to —65 C. 


perature. 


This paper presents the results of an 


investigation designed to survey briefly 


two factors that are influential in causing 
a normally ductile material to fracture 


in a brittle manner. The vast amount 
of literature on the subject of brittle 


fracture in steels,’ which essentially deals 


* Presented at the Fifty-second Annual Meeting of 


the Society, June 27-July 1, 1949. 


he experimental work of this investigation was car- 


_ ried out at the Westinghouse Research Laboratories, East 
Pittsburgh, Pa., during 1945 and 1946, under a contract 
with the David Taylor Model Basin of the Navy Depart- 

ment, Bureau of Ships, Washington, 


2 Research Engineer, Westinghouse Research Labora- 


o tories, East Pittsburgh, Pa. 


*The reader will find a discussion of the problems 


in this subject along with a condensed review of the litera- 
ture in the following survey: M. Gensamer, E. Saibel, 


JuLius MIKLOwWITZ? 


SYNOPSIS 


In this work, variations in the temperature of testing, size of grain, and 
type of pearlite in the structures of a silicon-killed and silicon-aluminum-killed 
steel have produced differences in the ductility and strength values of these 
_ two materials. Tension tests have indicated that at all temperatures (1) a high 
strain at fracture in the minimum section of the neck favored in general the 
_spheroidized pearlite and fine-grained structure and the silicon-killed steel, 
and (2) a high average true stress at fracture in the minimum section of the 
neck favored the fine-pearlitic structure and the silicon-aluminum steel. Grain 
size did not have a large effect on the fracture stress. 

For all types of material structure and in both steels (1) the fracture stress 
increased with a decrease in temperature of testing (from 24.5 to —65 C.) and 
(2) the strain at fracture decreased with a decrease in temperature of from —20 


A series of Charpy impact tests showed the fine grain and fine or spheroidized 
pearlite best for low temperature toughness. The severest drop in impact 
energy for all types of material structure and for both steels came with de- 
creasing the temperature from ambient to 0 C. Further temperature decreases 
had a similar but less pronounced effect on the impact energy. 

The decrease in ductility in the tension tests, with a decrease in temperature 
and change in material structure, was accompanied by a transition from the 
ductile cup-and-cone fracture to a fracture of abrupt crystalline nature. A 
similar phenomenon was apparent in the drop of the impact energy with tem- 


with notch-impact testing, both tension 
and bending, points out that the mate- 
rial structure and testing temperature 
are important variables. The present 
work deals with the influence of these 
two factors on the transition from duc- 
tile to brittle failure in the ordinary tet- 
sion bar. The stress-strain diagrams and 
resulting fractures of specimens differing 
in type of pearlite and size of grain at 
temperatures from —65 C. to the ambi- 
ent value of 24.5. have shown that 


J. T. Ransom, and R. E. Lowrie, “Report on the 

ture of Metals—Parts I and II,” Welding Research of 
plement, Journal, Am. Welding Soc., Vol. 26, p. 443s (1941 
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the material structure and testing tem- TENsion Test APPARATUS, SPECIMEN, | 


perature have definite effects on the duc- AND TESTING PROCEDURE 
tility and strength properties of these The 10-ton constant-strain-rate wil 
steels. The specimens were made from chine, its sensitive electrical extensom- 
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two steels which differed in grain-coars- ter, and automatic load-elongation re- 
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= Fic. 1.—Specimen Cooling Bath for ‘Tension Tests. hed 


ening characteristics due to diverse corder used in this work are discussed 
ee of killing. in a previous paper by the author.* The 
€ body of this paper is divided into machine was specially equipped with a 


ge of strain, stress, and impact direct motor drive which enabled the 
Strength, the latter being a report of a 


4J. Miklowitz, “The Initiation and Propagation of 
of Charpy tests which were also the Plastic Zone in a Tension Bar of Mild onder 


clu i . Eccentric Loading,’’ Transactions, Am. Soc. Mechanical 
ded in the testing program. _ Engrs., Vol. 69, p. A21 (1947). 
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tests to be made at a faster rate of 
stretching than ordinarily employed in 
this machine. The average rate of strain 
in the tests was approximately 0.018 in. 
per in. per sec. Figure 1 illustrates the 
cooling bath which kept a constant tem- 
perature of testing about the specimen 
throughout the rather fast test. Dry ice 
(carbon dioxide) sublimation within the 
liquid body of acetone in this bath cooled 
the liquid down as far as —70C. The 
bubbling of the excess dry ice at the 
bath bottom created enough agitation 
to keep a constant bath temperature. 
Preliminary checks showed no tempera- 
ture variation over the gage length of 


ps 
oO 
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were used at various places in the bath 
to insure air tightness and to prevent 
fluid leakage. The holes cut in the Mi- 
carta cover afforded insertion of the dry 
ice at the necessary intervals. 

The bath was used for two series of 
tests: a group that had an average tem- 
perature of —65C. and a group of an 
average temperature of —20C. A series 
of tests at ambient temperature was also 
made. The stress-strain data were ob- 
tained from the automatic load-elonga- 
tion records and measurements on the 
specimen after testing. 

The specimens used were of the type 
shown in Fig. 2. They were heat treated 


a 


the specimen. A wire screen around the 
test specimen, thermocouple wires, and 
extensometer parts kept the dry ice from 
any possible contact with these parts. 
The bath, made of two welded stainless 
= cylinders separated by an air-tight 

insulating chamber filled with glass wool, 
_ was fixed to the lower head of the ma- 
chine. Its lower end was guided by the 

two adjacent columns. The bath moved 
‘with the lower head, its upper end being 
; guided by the upper extension piece over 
which it passed. The extensometer rods, 
fixed to their respective positions on the 
specimen, projected out of the bath 
through holes in the upper extension 

piece guide. The temperature was meas- 
ured by means of a thermocouple and 
potentiometer. Gaskets and Micarta seals 


Fic. 2.—Tension Test Specimen for Series on Variation of Material Structure. 


previous to machining to obtain the vari- 
ous structures described below. The ther- 
mocouple was mounted at the center of 
the gage length. 

The Charpy specimens were of the 
standard V-notch type. This was selected 
since, in a review of the report by Gillett 
and McGuire, it was mentioned that 
this type notch more readily shows the 
transition from ductile to brittle fracture 
than the round keyhole notch. The 
method employed in cooling the Charpy 
specimens was similar to that for the 
tension specimens. The thermocouple was 
spot-welded to the specimen in the series 


5H. W. Gillett and F. T. McGuire, “Behavior of Fr 
ritic Steels at Low Temperatures, Parts and Sec 

rt of War Metallargy Committee, W-78 (1944), Am. . 
Testing Mats. (1945). (Symposuim issued as 
publication, STP No. 63), 
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of tests at the very lowest temperatures. characteristics, the other was silicon- f 
The specimen was hurriedly taken from aluminum killed to produce a steel of 
the bath, placed on the anvils of the abruptly coarsening characteristics. Bain® 
Charpy machine, and broken when the describes the differences of the grain 
galvanometer needle reached the 0 mark coarsening characteristics in these two 
for the specific temperature (—75(C.) types of steels. The silicon-killed steel 
that was set on the potentiometer. At coarsens gradually as the heating tem- 
the higher temperatures, the rate of heat- perature increases. The silicon-alu- 
ing in the transfer from bath to machine minum-killed steel remains of fine grain 
was determined, and then just the bath structure throughout most of the heating 


TABLE I.—HEAT TREATMENTS AND RESULTING STRUCTURES. 


f 


Heat Treatment Resulting Structure 
Type Tem 
pera-| -p; Prior Austenitic 
ture, deg. ba ig Quench Pearlite Grain Size Remarks 
Fahr. (A.S.T.M.)° 
17°. 1500 1 Oil Fine 6.5 (Fine) 
2000 1 Oil Fine 3.0 (coarse) 
_ 1500 1 Furnace cool Coarse 6.5 Banded pearlite; 29 bands 
in field of microscope. 
eee 2000 1 Furnace cool Coarse 3.0 Banded pearlite; 14 bands 
‘ in field of microscope. 
1500 1 Oil, tempered 24 | Spheroidized 6.5 
hr. at 1275F. 
Oil, tempered 24 | Spheroidized 3.0 
5 | hr. at 1275F. 
Fu.:--] | 1 | Furnace cool Coarse 8.0 (fine) Banded pearlite; 44 bands 
in field of microscope. 
a. 2000 1 Furnace cool Coarse 8+>0 Banded pearlite; 14 bands 
(mixture) in field of microscope. 
“Duplexed”’ steel. 


ally coarsening grain characteristics). 


* The “I” designation refers to the steel supplied as follows: open hearth, medium carbon (0.26) and Si-killed (gradu- 


’The “J” designation refers to the steel supplied as follows: open hearth, medium carbon (0.24), and Si-Al-killed | 


abruptly coarsening grain characteristics). 


* Classification of Austenitic Grain Size in Steels (E 19-46), 1946 Book of A.S.T.M. Standards, Part I-A, p. 682. 


temperature was recorded. Corrections 
were then made for the change in tem- 
perature of the specimen in the transfer. 


MateriaL, Heat TREATMENTS AND 
RESULTING STRUCTURES 

The work of Gillett and McGuire’ men- 
oned previously was helpful in the selec- 
lion of the steels used in this investiga- 
won. Their report on impact properties 
brings out the importance of proper de- 
oxidation and heat treatment in pro- 
ducing fine-grained steels of low-temper- 
ature toughness. 

The two steels were supplied by the 
Camegie-Illinois Steel Corp. They were 
nedium-carbon steels of open hearth pro- 
‘uction. One was silicon-killed to pro- 
duce a steel of gradually coarsening grain 


range (from approximately 1350 to 1900 
F.), and then abruptly coarsens at higher 
temperatures. At these higher heating 
temperatures, a “‘duplexed”’ steel is some- 
times produced, in which two sizes of 
grains are present. When the steels are 
heated high enough (over 2000 F.), both 
types become completely coarse grained. 
The composition of the silicon-killed steel 
was as follows: C 0.26, Mn 0.68, P 0.017, 
S 0.027, Si 0.20 per cent. The silicon- 
aluminum-killed steel had the following 
composition: C 0.24, Mn 0.66, P 0.019, 
S 0.030, Si 0.22 per cent. 

Table I lists the various heat treat- 
ments used in this work. The resulting 


6 E. C. Bain, “Functions of the Alloying Elements in 
Steel,”” A Book of the lectures presented to the Am. Soc. 
Metals at their twenty-first National Metal Congress 
and Exposition, Chicago, Ill., pp. 133-138 (1939). 
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structures are also tabulated. The “TI” 
designation refers at all times to the 
silicon-killed steel of gradually coarsen- 
ing grain characteristics, the “J” designa- 
tion to the silicon-aluminum-killed steel 
of abruptly coarsening characteristics. 
The lower heat treating temperatures 
produced the fine-grained structure, the 
higher, the coarse-grained structure in all 
cases. The quenching or the cooling rate 
determined the condition of the resulting 
pearlite lamellae. The fast rate of cooling 
(oil quench) produced a fine pearlite. The 
slow rate of cooling (furnace cool) pro- 
duced a coarse pearlite. The spheroidized 
pearlite was made by tempering back, for 
24 hr. at 1275 F., an oil-quenched steel. 
The table shows that in the use of J4 a 
“duplex” stee! was produced. 

The different structures were tested 
in order to determine the influence of 
the grain size (prior austenitic—A.S. 
T.M.),’ type of pearlite, and method of 
killing, on the ductility and strength 
properties in medium-carbon steels. The 
first two factors reflect the component 
parts of heat treatment, namely, tem- 
perature, rate of cooling, and tempering. 
The steels were also tested in their “as- 
rolled” condition. 

The photomicrographs of the various 
structures are presented in Figs. 3 to 7, 
inclusive. Magnifications of 1000 and 
100X are shown for each type of heat 
treatment. The 1000 magnifications 
bring out the type of pearlite, and the 
100X the grain size and type of struc- 
ture. The coarse pearlitic structures are 
seen to be of a nature in which the pearl- 
lite lies in bands. The degree of fineness 
of these bands reflects the grain size 
(Figs. 4 and 6). The grain size differences 
of type I2 and I8, the fine pearlitic struc- 
tures, can be readily seen. The same is 

_ true of type I3 and I9, the spheroidized 
pearlite samples. 


7 Classification of Austenitic Grain Size in Steels 
(E rae 1946 Book of A.S.T.M. Standards, Part I-A, 
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METHOD OF COMPARING PROPERTIES 


The data obtained have been clasgj- 
fied in the categories on which the 
comparisons are based, namely; the type 
of pearlite, the grain size and the types 
of steels (Figs. 8 to 11). Two curve 
sheets are presented for each property 
studied. In the (a) part of each figure, 
the variations of the property with tem- 
perature and type of pearlite are shown 
in two groups: one for the fine-grained 
steel, the other for the coarse-grained 
steel. Separation into these two groups 
enabled a comparison on the basis of the 
pearlite alone to be made since in each 
group the grain size was the same. Only 
the “I” type steel (gradually coarsening 
grain characteristics) was used in the 
pearlite comparison. The (8) part of each 
figure has plots that compare the partic- 
ular property on the basis of grain size. 
Each of the groups here have the pearlite 
the same within them. Both steels are 
shown in this part of the figure including 
the “‘as-rolled” tests. They can best be 
compared through the Ji and II struc- 
tures (both fine grain-coarse pearlite). 
Each point on the curves is a test ata 
particular temperature; the points on any 
one curve are naturally of specimens of 
the same structure. The “‘I’”’ curves ap- 
pear in both parts (a) and (6) of the 
figure. 

Two strain quantities have been used 
to represent the ductility. The strain in 
the minimum section of the neck at frac- 


A, 
ture, based on the relation e = a I, 


A, and A being original and final areas 
of the section, has been plotted agains 
the temperatue of testing. It is an mm 
portant quantity in that it reflects the 
type of fracture and amount of necking 
previous to fracture. The ordinary con 
ventional strain at the ultimate load 
also plotted. It is based on the usual rela- 
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(X100) (1000) 
(a) Fine Grain (6.5 A.S.T.M.) Type 12. Treatment: 1 hr. at 1500 F., oil quench. Etched in Picral. 


(X100) (1000) 
(6) Coarse Grain (3.0 A.S.T.M.) Type 18. Treatment: 1 hr. at 2000 F., oil quench. Etched in Picral. 
Fic. 3.—Fine Pearlite Structures. (Silicon-killed, dium-carbon steel.) 
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a 


(X100) (1000) 


(100) (1000) 
(b) Coarse Grain (3.0 A.S.T.M.) Type 17. Treatment: 1 hr. at 2000 F., furnace cool. Etched in Picral. 
_ Fic. 4.—Coarse Pearlite Structures. (Silicon-killed, medium-carbon steel.) 
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WEEE 


of 


(100) (1000) 


3 fe) ise Grain (6.5 A.S.T.M.) Type I3. Treatment: 1 hr. at 1500 F., oil quench and tempered 24 hr. at 1275 F. Etched 
in Picral. 


(X100) (1000) 
in Pipa Grain (3.0A.S.T.M.) Type I9. Treatment: 1 hr. at 2000 F., oil quench and tempered 24 hr. at 1275F. Etched = 


Fic. 5.—Spheroidized Pearlite Structures. (Silicon-killed, medium-carbon stecl.) 
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(100) (1000) 
(a) Fine Grain (8.0 A.S.T.M.) Type J1. Treatment: 1 hr. at 1600 F., furnace cool. Etched in Picral. 


(X100) (1000) 
(b) “Duplexed” Grain (8 + > 0 A.S.T.M.) Type J4. Treatment: 1 hr. at 2000 F., furnace cool. Etched in Picral 


Fic. 6.—Coarse Pearlite Structures. (Silicon-aluminum-killed, medium-carbon steel) 
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(X100) (1000) 
(a) Silicon-killed, medium-carbon steel. Type A.R. “I’’ Treatment: ‘‘as-rolled.” Etched in 2 per cent Nital. 


= 


(X100) (<1000) 
Nita. Silicon-aluminum-killed, Medium carbon Steel. Type A.R. “J”. Treatment: ‘‘as-rolled.” Etched in 2 per cent 


Fic. 7.—As-rolled Structures. 
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gage length of specimen and / its final of the neck, and the true stress at the 


length. ultimate load. They are based on the 
Two stress values have been plotted as jl i P a a ti 
Oat 
functions of temperature for the various A’ ia 
22 
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+ ° COARSE PEARLITE 
© 17 COARSE GRAIN 
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FEARTH, MEDIUM-GARBON STEELS" HAD GRAD- 
VALLY COARSENING GRAIN (SI-KILLED), AND 
i T ISTICS (Si-Al KILLED) 
TEMPERATURE, DEG. CENT. 


(6) Grain Structure Comparison. 


Fic. 8.—Pearlite and Grain Structure Comparison—Strain at Fracture in Minimum Section of the 
Neck As a Function of Temperature. 


material structures, the average true on A, the particular strained area 
stress at fracture in the minimum section question, | 
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The Charpy impact energy variations 
with temperatue and material structure 
have been plotted and are shown in Fig. 
12. 


shown in Fig. 8. Both the fine and coarse 
grained, made from a silicon-killed steel, 


spheroidized pearlite structures. This is _ 
showed the highest strain values of the 
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MEDIUM-CARBON (0.26),AND Si-KILLED STEEL’ 
(GRADUALLY C NING GRAIN CHARACTERISTICS). 


Pearlite Comparison. 
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HEARTH, MEDIUM-CARBON STEELS"I” HAD GRAD+ 
025- at UALLY COARSENING GRAIN (Si-KILLED), AND 
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Discussion OF RESULTS 
Aspects of Ductility: 


Test results are presented in Figs. 8 
0 12. The ductility of medium-carbon 
‘tel, as represented by the conventional 
axl strain in the minimum section of 
the neck of a tension specimen at frac- 
lure, was found to be greatest for the 


-20 
TEMPERATURE, DEG. CENT 
(b) Grain Struc 


Fic. 9.—Pearlite and Grain Structure Comparison—Strain at Ultimate Load as a Function 
of Temperature. 


ture Comparison. 


various structures tested at all tempera- 
tures. In this type of pearlite no great 
difference due to grain size changes oc- 
curred at any temperature. Table IT indi- 
cates that the ductile cup and cone frac- 
ture occurred at every temperature for 
the spheroidized pearlite. Next highest 
in ductility are the fine pearlitic struc- 
tures. In this group, and the group of 
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TABLE IIl.—TYPE OF FRACTURE AS INFLUENCED BY TEMPERATURE AND MATERIAL STRUCTURE. 


| 
| | Temperature of Tne deg. Cent., at which the Following 
Type of Heat- | al Fracture Occurred: 
— Pearlite | Grain Size Mixture : . 
Structure | Ductile Cup and Cone plus c ow 
| Cupand Cone | Brittle Crystalline line 
| | Tendencies rupt Tear 
Serer Spheroidized Coarse 24.5, —20, —65 
Spheroidized Fine 24.5, —20, —65 | 
Fine | Coarse | 24.5; —20 
See Coarse Fine 24.5 —20, —65 
Coarse | Coarse 24.5, —20, —65 
| Coarse | Duplexed j 24.5, —20, —65 


Note.—In every case the specimen tested at —65 C. had a seemingly coarser-grained appearance on its fracture sut- 
face than those at the higher temperatures. 
*A.R. = As rolled (hot rolled). 


a 
a. 000 12 FINE PEARLITE 
'40 000 
> he 13, SPHEROIDIZED FINE GRAIN 
T 
| 
180 OOOF—— 
16,FINE PEARLITE 
) 
140000 
e 19,SPHEROIDIZED PEARLIT GRAIN 
120000) 
< 17, COARSE PEARLITE 
-60 20 
“TEMPERATURE, Dec CENT 
MATERIAL AS SUPPLIED WAS AN OPEN HEARTH, 
: MEDIUM-CARBON (0.26), AND Si-KILLED STEEL 
(GRADUALLY COARSENING GRAIN CHARACTERISTICS). 
(a) Pearlite Comparison. 
140 OOOF- — 
FINE GRAIN 
DUPLEXED pooarse PEARLITE 
100000} t = 
a 
| 
= COARSE PEARLITE 
| FINE GRAIN 
$150000 
cod — T —- 
14000 | 
COARSE GRAIN SPHEROIDIZED PEARLITE 
12000 +—13 FINE GRAIN 
140 
120 000F T T = 
100000F t t 217 
—+ BOTH "I" AND “J" AS SUPPLIED WERE OPEN 
| HEARTH, MEQUM-CARBON STEELS." HAD 
aye COARSE NING GRAIN (Si-KILLED), AN 
rer Y COARSENING GRAIN CHARACTER 
T Tht RILLED) 
110 - 


40-20 20 20 
TEMPERATURE, DEG. CENT. 
(6) Grain Structure Comparison. 


Fic. 10. —Pearlite and Grain Structure Comparison—Average True Stress at Fracture in Minimum 
Section of Neck asa Function of Temperature. 
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lowest ductility (the coarse pearlite), the 
finer-grained structure showed higher 
ductility at all temperatures. This was 
also true in the coarse pearlitic group 
made from the silicon-aluminum-killed 
steel. 


temperature from —20 to —65 C. for 
all structures. A change from ambient 
to —20C. had little effect. The decrease 
in ductility due to temperature and ma- 
terial structure variations was accom- 
panied by a transition from a ductile 


20000 
100.000 12,FINE PEARLITE 
80000 11, COARSE PEARL FINE GRAIN 
13’ SPHEROIDIZED PEARLITE 
860000 
120000 
100000} 18, FINE PEARLITE 
F 80000 17, COARSE PEARLITE COARSE 
19, SPHEROIDIZED PEARLITE 
60000 i 


20 
TEMPERATURE , “DE G. ee 


MATERIAL AS SUPPLIED WAS AN OPEN HEARTH, 
MEDIUM-CARBON (0.26), AND SI-KILLED STEEL 


NT. 


(GRADUALLY COARSENING GRAIN CHARACTERISTICS.) 
(@) ‘Pearlite Comparison. 
120 000 T T 
el! 
GRAIN 
80 +————+— J4 DUPLEXED coarse PEARLITE 
120 000 + + 
100 000 18C SE GRAINS FINE PE ARLITE 
} I2 FINE GRAIN aaa 
60000 t + 
— 
80000 —=t5e 19 COARSE GRAIN 


80 000 


True stress + €)], Pst 


13 FINE GRAIN 


GRAIN 


cao BOTH "I" AND “J" AS SUPPLIED WERE OPEN 


ISTICS (Si-Al KILLED). 


SPHEROIDIZED PEARLITE 


FINE GRAIN }ooarse PEARLITE 


HEARTH, MEDIUM-CARBON STEELS" HAD GRAD 
UALLY COARSENING GRAIN (Si- KILLED), AND 
"J" ABRUPTLY COARSENING GRAIN CHARACTER: 


10 20 
TEMPERATURE, DEG CENT. 


(b) Grain Structure Comparison. 


Fig. 11.—Pearlite and Grain Structure Comparison—True Stress at Ultimate Load as function of 
Temperature. 


A particular structure of silicon-killed 
steel showed higher values of strain at 
all temperatures of testing than did the 
similar structure made of silicon-alu- 
minum-killed steel. The difference became 
more pronounced as the temperature 
dropped. 

A general decrease in the strain value 
came about with a decrease in testing 


cup and cone to a brittle abrupt crystal- 
line fracture. 

From the foregoing it is obvious that 
for the best ductility at low tempera- 
tures, and for that matter at the higher 
temperatures too, a spheroidized pearlite 
structure is desirable. This reflects the 
necessity of tempering for low-tempera- 
ture ductility. The Sas grained- fine 


120 000 + T + + 
100 000 
yum 
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pearlite structure is next best. With the 
exception of the spheroidized pearlite, 
the fine-grained structure was superior 
in ductility. The superiority of the finer 
grain and finer pearlite reflects the neces- 
sity of controlling the heat-treating tem- 
perature and rate of cooling. A low tem- 
perature (no overheating) and a fast rate 
of cooling (oil quench), are desirable 


silicon-killed steel showed the highest 
values at all temperatures. Next best 
was the spheroidized pearlite. In general 
the finer-grained structure was again the 
most ductile. The silicon-killed steel was 
the more ductile of the two again. The 
coarse-grained steels in general showed 
a decrease in strain with rising tempera- 
ture of testing throughout the whole 


8 


13 SPHE 


FINE PEARLITE, FINE GRAIN Jt 
FINE PEAALITE, COARSE GRAIN 
I! COARSE PEARLITE,FINE GRAIN 
COARSE PEARLITE, COARSE GRAIN 
ROIDIZED PEARL ITE FINE 
19 SPHERODIZED PEARLITE, COARSE GR 
Jt COARSE PEARLITE, FINE GRAIN 


ISTICS (Si ~Al KILLED). 


when tempering is not planned. Remark- 
able was the fact that, at —65C., the 
coarse-grained-spheroidized pearlite of 
the silicon-killed steel showed almost 
three times the strain of the “‘duplex” 
grained-coarse pearlite of the silicon- 
aluminum-killed steel, the actual values 
being 1.88 and 0.70. The advantage of 
using the silicon-killed steel is somewhat 
lessened when one considers grain coars- 
ening characteristics, since this type 
coarsens much easier and more through- 
out most of the heating range. 

Figure 9 shows that the strain at the 
ultimate load presented a different pic- 
ture when compared with the strain at 
fracture (Fig. 4). The coarse pearl- 
ite structures of both grain sizes in the 


a 
J4 RSE PEARLITE ;XED 
40,4 COR LITE, OUPLE 7 
L 
4 I3 
= 
20 
2 


TEMPERATURE , OEG. CENT. 


BOTH*'I* AND "J" AS SUPPLIED WERE OPEN HEARTH , MEDIUM- 
CARBON STEELS. "I" HAD GRADUALLY COARSENING GRAIN (si 
KILLED), AND 'U" ABRUPTLY COARSENING GRAIN CHARACTER- 


Fic. 12.—Impact Energy as Function of Temperature. 


range. The strain for the fine-grained 
steels increased from —65 to —20C.,, 
and then decreased from — 20 C. to am- 
bient temperature. 


Aspects of Strength in Tension: 


The strength of medium-carbon steel, 
as represented by the average true stress 
in the minimum section of the neck at 
fracture, was found greatest for the fine 
pearlite structures (see Fig. 10). Both the 
fine and coarse grained, made from the 
silicon-killed steel, showed the highest 
stress values of the structures tested at 
all temperatures. In this type pearlite, 
there was little difference due to grain- 
size variation. Next in strength were the 
spheroidized pearlite structures. They 
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showed higher stress values than the 
oarse pearlite structures in both grain 
sizes and at all temperatures. In the 
spheroidized pearlite there was little dif- 
ference due to grain-size variation. In the 
coarse pearlite group, however, the fine- 
gained structure showed the higher 
value of stress at all temperatures. The 
superiority of the fine grain was also 
true for the coarse pearlitic group of the 
silicon-aluminum-killed steel. 

It was found that a particular struc- 
ture of the silicon-aluminum-killed steel 
was stronger at all temperatures than 
the corresponding structure made from 
silicon-killed steel. The difference was 
practically the same at any temperature. 
This was the reverse of what was found 
in the ductility considerations, where the 
silicon-killed steel was superior. 

Throughout the whole testing range, a 
decrease in temperature brought about 
an increase in fracture stress for all struc- 
tures. 

The foregoing statements of the ad- 
vantage of the fine pearlite in strength 
at all temperatures indicates again, as 
in the ductility, the importance of a fast 
cooling rate (oil quench). The fineness of 
grain, as long as the structure was an 
oil-quenched product, was unimportant 
in the strength property. Remarkable 
was the great difference in fracture stress, 
at all temperatures, between the fine 
grained-fine pearlite and coarse 
grained-coarse pearlite specimens, the 
Values being 171,500 psi. for the former 
and 114,000 psi. for the latter at 
~65 C. Since the silicon-aluminum-killed 
steel showed stronger structures for those 
comparisons made, it is believed that a 
fine grained-fine pearlite in this steel, if 
lested, would have surpassed the values 
obtained for the same structure in the 
silicon-killed steel. 

Somewhat similar effects occurred in 
the true stress at the ultimate load. Fig- 
ure 11 brings out that the fine pearlite 
again showed the highest values at all 


temperatures. No large differences were 7 
noted in the other two types of pearlite. 
The grain size was important only in the 
fine pearlite group, where slightly higher 
stress values occurred at all temperatures 
for the coarse grained samples. The supe- 
riority of the silicon-aluminum-killed 
steel was again evident in the structures 
compared, at all temperatures. As in the 
case of the fracture stress, decreasing 
the temperature resulted in a general 
increase of the stress at the ultimate load 
for all structures of both steels. 


Aspects of Strength in Impact: oe 


The advantages of having a silicon- 
aluminum-killed steel for strength in im- 
pact at any temperature was brought 
out in the Charpy tests (see Fig. 12). 
Within the silicon-killed group the fine- 
grained-spheroidized and fine pearlite 
were strongest at the lower temperatures. 
The tests showed the importance of hav- 
ing a fine grain and fine pearlite for 
strength in impact at low temperatures. 
The extreme drop in impact energy with 
a decrease in temperature was noted for 
all structures. This was accompanied by 
the transition from a ductile fibrous to 
a brittle abrupt crystalline fracture. 

The spheroidized pearlite of the sili- 
con-killed steel showed advantages in im- 
pact strength over the other structures 
of this steel at the higher temperatures. 
The fineness of grain was important at 
the higher temperatures also. 
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HOT-COLD WORK ON THE PROPERTIES OF LOW-CARBON 
N-155 ALLOY AT ROOM TEMPERATURE AND 1200 F.* 


SYNOPSIS 


_ The effects of systematic variation of solution treatments, aging treatments, 
and hot-cold work on bar stock from one heat of low-carbon N-155 alloy were 
evaluated by means of physical properties at room temperature and rupture 
tests at 1200 F. ‘The range in yield strength at 0.02 per cent offset at room 
temperature was from 30,000 to 134,000 psi. Rupture strengths varied from 
40,000 to 66,000 psi. at 100 hr. and from 35,000 to 56,000 psi. at 1000 hr. The 
equivalent range in time for rupture under 40,000 psi. was from 100 hr. to an 
estimated 600,000 hr. for the same bar stock with different treatments. These 
ranges are greater than those resulting from wide variations in chemical com- 
position and indicate the reason why it has not been possible to correlate 
composition of the chromium-nickel-cobalt alloys to properties at high tem- 
peratures. 

Solution treatments alone resulted in the lowest strengths at room tempera- 
ture and for rupture times up to several hundred hours. Proper aging slightly 
improved these properties but resulted in steeper stress-rupture-time curves 
so that the aged condition was the weakest at the longer time periods. Hot- 
cold work after the proper solution treatments produced the highest strength at 
both room temperature and at 1200 F. 

The trends found for the various treatment conditions are believed to 
apply to other heats of low-carbon N-155 and for other alloys of the same 
type. It is expected, however, that other conditions of hot-working the 
the alloy would change the magnitude of the properties after most of the 
treatments. Other alloys will probably develop optimum properties from 
different conditions of treatment. The influence of the treatment conditions 
may not be the same for limited deformation by creep. 


THE INFLUENCE OF CONDITIONS OF HEAT TREATMENT AND 


By J. W. Freeman,! E. E. Reynoxps,! D. N. FRrey,? anp A. E. Wurre! 


_ The two major variables which con- 
trol the properties of alloys at high tem- 
peratures are chemical composition and 
prior treatment. Although prior treat- 
ment has at least as much effect as wide 
variations in chemical composition, there 


* Presented at the Fifty-second Annual Meeting of 
the Society, June 27-July 1, 1949. 

' Research Engineer, Research Associate, and Director, 
sengectivey. Engineering Research Institute, University 
of Michigan, Ann Arbor, Mich 

2 Instructor, Department of Chemical and Metal- 
resaecal Engineering, University of Michigan, Ann Arbor, 

ich. 


has been relatively little systematic study 
of its effects. Prior treatment is usually 
recognized only by reporting the history 
of making the alloys and by use of 4 
“standard” heat treatment. 

In recognition of the pronounced effect 
of prior treatment on the properties of 
the new heat-resistant alloys for gas 
turbines, an investigation of this effect 
is being sponsored by the National Ad- 
visory Committee for Aeronautics at 
the University of Michigan. This paper 
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7 On INFLUENCE OF HEAT TREATMENT ON Low-Carson N-155 


summarizes the first portion of this 
work (1).2. Systematic variations of heat 
treatment and hot-cold work conditions 
were measured in terms of their effect 
on tensile properties at room temperature 
and rupture-test properties at 1200 F. 
of low-carbon N-155 alloy. The data 
thus far obtained are restricted to bar 
stock from one heat of the alloy. 

Low-carbon N-155 alloy is one of the 
outstanding alloys developed for use in 
gas turbines. It was known to have a 
wide range in properties depending on 
the conditions used in its production 
2,3). As far as could be ascertained 
it is reasonably representative of a num- 
ber of so-called “superalloys” which do 
not show pronounced age hardening. 
For this reason it was selected as a suit- 
able alloy for fundamental study of the 
effects of prior treatment. 

The criteria of the effects of treatment 
conditions have been widely used in the 
experimental development of new alloys 
for gas turbines (2). The first evaluation 
of treatment conditions was therefore 
carried out on the same basis. The in- 
tent was to establish magnitudes of the 
elects and general trends. These are 
being used to guide fundamental re- 
search on the cause of the effects. The 
trends should reduce the amount of test- 
ing required to obtain quantitative rules 
for controlling the effects in low-carbon 
N-155 and other similar alloys. 


Test MATERIAL 


The producer of the low-carbon N-155 
alloy used in this investigation fur- 
ushed the following data regarding its 
chemical composition: 


Per Cent ELEMENT PERCENT 
ane 0.12 Columbium....... 1.10 
21.33 Manganese....... 1.64 
18.60 Nitrogen......... 0.12 
enum. . 3.21 0.003 
1.97 Phosphorus....... 0.026 
'The 


boldface numbers in parentheses refer to the list 


of references appended to this payer, see p. 645. 
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Fabrication Procedure: 
The approximately 600-lb. (8 by 7 in.) 


Fic. 1.—Macrostructures of Original Hot-Rolled 

Bar Stock of Low-Carbon N-155 Alloy. Etched 

2 hr. in Marble’s Reagent at 160 F. plus 15 min. 
in aqua regia in glycerine at 120 F. 


ingot was hammer-cogged to 2-in. square 
billets with 2050 F. as maximum and 
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y 
y 
a 
ct 
of | 
as j 
ct 
er 


Solution Treatment | Treatment? | 


deg. Fahr. 


Temperature, 


As hot rolled 


reduction 


Heat Treatment 


| Ste | = 

| 
os | 
£8 
| 
& | & 


w 


20 per cent reduction at 1200 F. + 65 per cent 
from 1800 F. to 1400 F. 

(1800 F.2 hr. AC. to 1400 F. + 20 percent 
reduction at 1400 F.)—repeated five more 
times + 1800 F. 2 hr. A.C 


| 


deg. Fahr. 
deg. Fahr. 
Reduction 


Temperature, | 


Per cent 


1400", 24 


207 
290 


FREEMAN, REYNOLDS, FREY, AND WHITE 


TABLE I.—ROOM-TEMPERATURE PHYSICAL PROPERTIES OF LOW-CARBON N-155 B 


| 
| 


Room Temperature Tensile Properties 


| cent 


Tensile Strength, psi. 


AGING AND Hot-Roiiep Bar Stock. 


128 500 72 500 
124 500 52 700 
124 000 46 500 
119 625, 44 500 
145 750 99 500 
137 87 500 
146 750 98 500 
156 700 121 500 
142 250 96 000 
162 500, 134 000 


Offset Yield Strength, 


002 | 
per | 


psi. 

| 
0.1 0.2 
per per 


cent cent 


wrature 


rem: 


76 500 78 500 
62 500 66 300 
58 000 62 500 
55 100 59 000 
123 200 128 700 
99 100 103 000 
118 000 121 000 
135 500 140 000 
108 000 112 000 
145 000 148 500 


| 


| 


SOLUTION TREATED AT 1800 F. 


122 50 000) 


145 000 104 000 


57 500’ 62 000: 
122 500. 127 000 


| 


~ 


2:98, i. 
| 
WQ. 
| WO. 
2 WO, 
2 | W.Q. | 
2| W.Q. | 
2) W.Q. 
2|Ww.Q 
W.Q. 
W.Q. | 


198 
274 


192 
208 
189 
189 


(C) Cold-working amount and temperature 


SOLUTION TREATED AT 2050 F. 
(A) Time and cooling rate 


SOLUTION TREATED AT 1950 F. 


120 250 50 000 


119 750) 44 500) 


| 117 500 47 000 
119800 44 500 


| 118 450 48 000, 


148 250 109 000, 


57 000 61 000 
125 000, 129 000 


54 500 58 500 
56 000 58 500 
52 500, 56 S00 
57 000 59 000, 


(B) Aging time and temperature 


119 a 45 500 


57 500, 61 000 


| | 


118 500) 38 000 nips 58 500 


119 625 48 500 


120 750 50 000! 
116 150, 30 000, 
| 114 900, 42 000) 


136 100' 97 250 
| 125 500) 67 000 
138 750 90 
| 134 000 90 000 
| 145 500 110 500 
138 250 94 500 
| 154 500 121 000 
| 151 000 104 000 
| 156 000 104 000 


| 145 750 100 000 
| 141 000 95 500 
| 128 250 83 000 
750 81 000 
| 129 300, 78 000, 


x 


SOLUTION-TREATED AT 2100 F. 


1|w.a.|.... | | 117 2s0| 38 500| 52 000} $7 000| 17 soo] | 


56 400, 60 000 
57 000) 60 500 
49 500, 54 000 


49 500| 53 000) 


112 800' 117 000) 
81 000 84 000 


110 500 116 000 
92 000 96 000 
90 200 93 700 
87 400 91 000 


| 


SOMO 


| 


TOCK. 
—  Brinell 
Hard- Propor- Elon- Reduc- 
ness tional | 84Uon | tion of 
Limit, |. | Area, 
| Cent 
= | 
350 | 24 00 36 ‘ 
4 |. 212 00 36 
; salen ‘ 75 10 307 00 31 
‘ 1200 | 5 271 00 31. 
1200, 10 | 312 00 25 
1200, 15 | 328 | 00 22 ~ 
1200, 15 | 311 00 25 
1200 | 20 | 323 00 19 
| 305 | | | 
189 
| | | | 
21 
1300 | 2 wo. oo 39 46.8 
1800 2) Ww.Q.|....| | 1200 00 24.5 | 42.7 
1950 00 49 | 64.8 
2050 wo. oo! so | 639 2 
2050 37000 42.5 | 51.0 
2050 8 | | 
2050 00, 42 50.0 
2050 00 38 412 
2050 00| 35 39.9 
2050 185 00) 29.5 | 43.9 
2050 00! 36 | (60.7 17 
2050 1200} 5 | 249 42 500 35.5 | 547 
. | 2050 ;' 1200 | 10 301 107 500 112 000 52500 28 | 49.2 J 
f 2050 400 | 24 | 1200; 10 | 287 1¢5 000 109000 65000 23.5 | 37.9 ; 
f 2050 1200 15 | 296 120 500 124 500 65000 26 53.2 
400°; 24 | 1200| 15 262 106 500 111000 75000 23.5 3.5 
2050 . | 1200} 20 | 340 134 000 138 000 85000 23.5 | 49.5 7 
F 301 124 500 131000 65000 24 49.0 f 
= 2050 1200 25 | 318 130 000 137 500 70000 22 48.1 
2050 1000 | 15 | 297 116 500 122000 77500 26.5 | 519 
2050 | 1400! 15 | 290 00-25 45.7 
2050 1600 | 15 | 252 300-29 45.1 
. | 1700) 15 | 255 300 32.5 | 
p 2050 1800 | 15 | 250 00 . 
|» 
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TABLE I.—Concluded. 


Heat Treatment | Room Temperature Tensile Properties 
Hot Cold 
Agin Rolling 3 Offset Yield Strength 
Solution Treatment | psi. 
| | Brinelll Elon- | Reduc- 
Hard-| Propor-| sation | tion of 
we | 3g 35 5 Limi n2 | Area, 
ow | a 0.02 0.1 0.2 aimit, | per| per 
| eg] per per per Pst. | “cent | cent 
| 23 | Sel cent | cent | cent 
£ | 3O| | | 5 
je |e lie je | | & 
SOLUTION-TREATED AT 2150 F. 
no| 1) W.Q.|....| .. | 193 | 116 30 000| 47 53 000| 10 000| 45.5 | 62.2 
SoLution TREATED AT 2200 F. 
(A) Time and cooling rate 
no | 0.5; WQ.|... 180 | 118 300' 48.000’ 54 500! saooo! 40000 s4 | 64.8 
205 | 115750 42000 53.000 57.000! 25000 46.5 | 64.3 
m| 1|AC. |: | 475 | 118 250) 42 000| 48 S00, 52000} 30000, 54 | 64.6 
(B) Aging time and temperature 
mo | 1 |w.Q.| 1400| 2 192 | 117 250 47.000; 57.000) 61.000' 40000, 42 42.4 
mo; 1400] 8 185 | 
2200 | 1, W.Q. | 1400 16 190 
20; %1|W.Q | 1400 | 24 221 119 250, 48 000; 61000, 65 000) 25000, 32 39.8 
md 1) W.Q. | 1490] 50 196 | | | | 
2200 1) WQ. | 1350 | 24 205 120 125, 54000, 61000 64000 45000 38.5 40.9 
2200 1,;WQ. | 1350} 50 213 118 000, 50000) 57 500 60000) 32500 36 41.9 
2200 1500 24 202 121 750, 50.000) 58 500, 63 500; 400600, 36.5 40.3 
2200 1, WQ. | 1690 24 212 118 250, 42 500) 53000, 57 500) 22 500; 31.5 34.3 
20 | 1 | WQ. | 1750 | 24 | - 195 115 250, 43 v00} 50 000) 53 500| 30 000) 39 32.4 
(C) Cold working amount and temperature 
200 |w.o 1200 | | 224 | 122500 65.000 76500 80000 42500 40 59.5 
2200 1| W.Q 1200 10 256 132 000 90000 99000 102 000 77 500 33.5 55.8 
289 | 136 500 9000 102 500 107 000 75000 31.5 55.7 
2200 | 1;WQ | 1400| 24 1200 10 288 | 136 250 98 500 107 500 111 000 70000 22.5 34.7 
2200 S ieee. Fa 1200 15 289 142 000 97 000 112 000 117 000 72500, 28 52.1 
2200 | 1|WQ. | 1400°, 24 1200 15 293 142 000 103 000 115 000 118 500, 85 000) 24 37.8 
2200 We. .... 1000 15 294 145 500, 105 0U0, 119 000 123 80.000) 27.5 56.0 
2200 1| W.Q. ard 1400 15 289 140 500; 94 000 111 000 116 000) 67 500 26.5 46.2 
mo} 1) WQ. 1600 | 15 | 249 | 128 500, 80 92 000, 96 000| 62 26 40.7 
SotuTton TREATED aT 2250 F. 
250 | os|wa.|....| | 178 | 116 00| 44 500| s2 55 000| 30 000| 53 | 64.1 
TREATED AT 2300 F. 
| 0.5 | W.Q. 163 | 116 250] 48 000] o00| 57 o00| 40 000] 56.5 | 65.8 


a 


1, W.Q. = water-quenched; A C. = air-cooled. 


: All aging treatments preceded hot-cold rolling except where noted. 
after rolling. 


All hot-cold rolled material was given a final stress relief at 1200 F. for 1 hr. 


1130 F. as minimum working tempera- 
lures. The 2 in.-square billets were hot- 
tolled to j-in. square bars in one heat 
rom 2075 F. to a finishing temperature 


of 1725 F. 


Structure: 


_ Asreceived, the bar stock had a Brinell 
tardness of 233 and a 0.02 per cent offset 
yield strength of 72,500 psi. at room 
The grain si 


‘temperature. 


ze was finer 


as is shown by the macrographs in Fig. 1. 
It was decided that the segregated con- 


EXPERIMENTAL PROCEDURE 


dition was not too severe and that the 
stock was typical of the material. 


The experimental procedure was de- 


than 8 and there was relatively little 


grain boundary precipitation, as is shown 
by Fig. 6. Considerable center segrega- 
tion of excess constituents was observed 


| 
| 
‘ 
0 
2 
9 
2 
4 
2 
6 
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signed to show the effects of the following A diagram which shows all the 67 
conditions of treatment on the prop- treatments used is given in Fig. 2. 

erties of low-carbon N-155 alloy at room The individual treatments were made 
temperature and the rupture-test charac- on bars 8} in. long cut from j-in. square 


teristics at 1200 F.: stock. Solution treatments were carried 


Hot-rolled stock: } 7 out in a gas-fired furnace. Aging was 
1. Aging. done in an electric resistance furnace. 
2. Hot-cold work. Hot-cold working was accomplished by 
3. Agglomeration of excess constitu- rolling in a 5-in., 2-high rolling mill using 
ents. the following general procedure: 
= 
not 
aged 24hr 1500F 
|\750F 
75F per cent "7 
Hot rolled hot-cold rolled 5 per cent 
10 per cent 
I2O0F 4 |5 per cent and also as aged 24 hr. at IGO0F 
: 20 per cent-reduced 65 per cent from IBOOF to I400 F 


| 2hr at IGOOF, cool to I400F, rolled 20 per cent reheated to |BOOF for 2 hr,and then repeated 6 times. 


as quenched and ve as rolled |5 per cent at I2Z00F 
| 1BOOF -2 hr I350F -24hr | Bhr 
(I950F -2 hr 1 hr 


2050F 2 hr. WQ. aged | ISOOF- 24hr |24hr—rolled cent at 
2100F 5 hr wQ IGOOF- 24hr | 50hr 
2150F [2 hr AC | I750F- 24hr 5 per cent at I200F 75F ||\OOOF 
\Oper cent ot — 1200 F -aged 24 
rolled per cent ot at I400F 
20 per cent at i2ZOO0F \600F 
rcent ot! 1700F 
2200F bhr wa. i350F 4260" 1@00F 
2250F-bhr. WQ. | Ihe W.Q.— aged Bhr 
[2300F Li hr AC. ISOOF 24hr| 
IGOOF 24hr 


24hr.-rolled 10 per cent at i200 F 
(750F 24hr |50hr 


rollediiOper cent at I2ZOOF 
\Sper cent at 1200 F-aged 24hr 
at i400F 

1600 F 


il Fic. 2.—Diagram Showing the Treatments Used on the Low-Carbon N-155 Bar Stock. 


per cent at IZ200F 


Solution-treated stock: A bar was heated for 1 hr. at a tempera- 
an ; ture 20 F. higher than the desired rolling 
B Temperature of solution treating. temperature. In two passes the bar was 
2. Time of solution treatment and cool- reduced 10 per cent. Reductions of 5 and 
ing rate. 10 per cent were made with no reheat, 15 
3. Temperature of aging. and 20 per cent with one reheat, and 25 pet 
. Time of aging. cent with two reheats. A reheat consisted 
5. Hot-cold work after various solution of placing the partially-rolled bar in the 
salts furnace to bring it back to 20 F. above rolling 
treatments. 5 1] Id rolled bars were 
. Temperature of hot-cold working. A 00F 
given a final stress relief of 1 hr. at 1200F. 
. Amount of hot-cold work. 


. Aging prior to hot-cold work. The treated bars were sectioned to giv¢ 
9. Aging after hot-cold work. _ a 5} in. long by 0.505-in. diameter ten: 


{ 
Solutid 


INFLUENCE OF HEAT TREATMENT ON Low-CarBon N-155 = 623 
ABLE II.—RUPTURE TEST CHARACTERISTICS AT 1200 F. OF LOW-CARBON N-155 BAR STOCK. 
T. 
Heat Treatment 
Aging 
" Tem- | Method| Te™- Tem- | Per Rup- Elon- | Reduc- Rupture 
| Time, | of | Time, cent | Stress, | ture Strength, psi. 
hr. Cool- deg. | hr. ‘deg. Reduc-| psi. Time, per 
= Fah. | ing* | Fahr | Fahr. | “0 | br. cent cent | 100 hr. | 1000 hr. 
AGING AND Hot-Roiiep Bar Stock. 
As hot rolled | | | | 8.s| 9.5¢| 85 | 49500| 37500 
| | | 75° | 47 23.3 
45 000 252 19 23.3 
| 40000 | 610 34 48.3 | 
1350 | | 50000 | 123 12 | 49.2 | 51000 | 35500 
| 45000 | 241 | 
‘| 41000 | 411 33 55.3 | 
1500 50 000 54 16 46.5 | 47000 | 36000 
| 45 000 166 12 50.1 
40000 | 430 40 58.6 
1750 suc 50 000 40 49 | 51.9 | 45000 | 37000 
45000 | 101 38 447 
40000 | 430 36 «83 
75 | 10 60000 | 73 4 | 4.0 | 58500 | 49000 
| (9.8) | 55 000 230 13 32.4 
50000 | 809 10 16.7 
1200 5 60 000 48 8 22.2 | 56000 | 46000° 
(4.5) | 55000 | 216 8 32.2 
| 50 000 387 12 36.0 
es eae ee a 1200 | 10 65 000 36 5 12.5 | 61000 | 47000 
424 60 000 115 16° 28.8 
‘00 55 000 302 16 38.8 
50 000 528 15 40.8 
| 1200 | 15 60 000 157 6 20.6 | 63000 | 49000 
(14.1) | 55000 | 325 8 24.1 
50000 | 845 6.5 | 17.9 
400% | 24 | 1200 | 15 55 000 | 72 | 16 | | 53000 | 47000 
| (15.6) | 52500 | 108 | 27 40.8 
| 50000 | 364 | 19 (38.8 
| | 1200 | 20 | 65000 | 84 | 10 | 21.8 | 62000 | 46000 
60000 | 112 10 23.3 
55 000 210 | 18 =| 44.7 
50000 | 536 | 15 | 
20 per cent reduction at 1200 F. + 65 per cent reduction 60 000 25 | 30 50.4 | 49000 | 35000 
{rom 1800 F. to 1400 F ! 50 000 85 26 36.6 
40000 | 429 | 16 24.8 
era: | 36 000 785 | 12 19.0 
| 
ling 10 F. for 2 hr. A.C. to 1400 F. + 20 per cent reduction 50 000 23 | & 41.1 43500 35000 
“a8 rt aa F.)—repeated five more times + 1800 F. for 2 hr 40 000 240 34 44.6 
we 44000 163 | 35 41.5 
and 35000 1086 | 28 35.6 | 
SOLUTION TREATED AT 1800 F. 
ted 4s000 | | 40 | 58.6 | 42000 | 35000 
an | 40 000 120 | 32 | S6.1 
the 39700 | 175 | 36 55.3 
Hing | 35000 1313 38) 52.0 | 
4 1200 | 15 | 55000 | 103 | 13 41.5 | 55000 | 40000 
| 50000 | 244 | 9 | 32.8 
F. a | | | | 45000 | 415 | 14 46.0 | 
give SOLUTION TREATED AT 1950 F, 
ten | ... | | 45000 | 92 
40000 318 
37500 1107 
2iwe| .... 120045 64000 | 59 | 
| 60000 | 168 | 
| | | 55000 | S17 | 


ss ss Continued on pp. 624, 625, 626, and 627. 
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TABLE II.—Continued. 
Heat treatment Hot-Cold 
Rolling! 1200 F. Rupture Properties 
ging 
Solution Treatment | Treatment® 
Tem- | | | Tem- | Tem- | Elon- Reduc-| 
Method Per up- | upture 
pera- | Time, of pera- | Time, | PF | cent | Stress, | ture | P20" | too of Strength, psi. 
ture h Cool- ture, | “br ture, | Reduc- ime, | 1in., Area, 
deg. ing* eg. | deg. | tion he per per 
Fahr Fahr. Fahr. cent cent | 100 hr. | 1000 hr 
TEsTeD aT 2050 F. 
(A) Time and cooling rate 
2050 1 | Wa. | 45000 | 25 | 1* | 17.8 | 45000! soo 
44000 | 420 | 18 22 6 
43000 | 619 | 24 26.7 
40000 | 1138 17 15.6 
2050 2 | | 33 3¢ 17.3 | 45500 | 3900 
45000 | 180 10 18.9 | 
40000 | 687 19 23.3 | 
2050 2 | AC. 4s000 | 35 7.5¢| 14.4 | 43000 | 3900 
42 000 119 7.3 | 
40000 | 614 8.5¢| 17.8 
2050 s | w.Q. 51 000 62 8.0 | 49000 405m 
48 000 181 12 12.5 
45 000 141 10 10.9 
40 000 1138 21 25.6 
(B) Aging time and temperature 
2050 2 Ww.Q. 1400 2 54 000 35 21 14.4 49000 39000 
50 000 116 11 18.9 
20 45 000 163 12 10.9 
40 000 825 17 20.4 
2050 2 W.Q. 1400 8 50 000 118 28 24.5 51000 | 40000 
45 000 310 24 23.3 
40 0v0 954 29 35.8 
2050 2 Ww.Q. 1400 16 50 00 97 29 34.0 50000 | 3950 
45 000 300 27 40.8 
40 000 860 30 41.2 
2050 2 W.Q. 1400 24 55 000 31 24 21.2 50 500 | 3500 
50 000 123 38 33.0 
45 000 205 37 36.9 
40 000 436 44 44.7 
2050 2 Ww.Q. 1400 50 50 000 75 9 38.8 48000 | 3650 
45 000 300 33 37.9 
42 500 285 37 40.8 
40 000 423 5 25.6 
2050 2 Ww.Q. 1350 24 50 000 145 13 12.5 52000 | 4000 
45 000 343 12 21.0 
40 000 1078 20 29.7 | 
2050 2 Ww.Q. 1500 24 50 000 87 40 36.9 48.000 | 3600 
45 000 122 24 35 
40 000 462 37 48.3 
2050 2 | W.Q. | 1600 24 74 40 41.8 | 47500 | 
45 000 132 31 43.7 
40 000 361 38.5 45.8 
2050 2 | WQ 1750 24 50 000 121 33 29.8 | 51500 | 380 
| 45 000 306 39 52.8 | 
| | 39000 | 659 | 36 53.0 | 
(C) Cold-working amount and temperature ieee 
2050 2 | wa. 7s | 10 | 60000 | 24 . | | 56000 sou 
(9.8) | 55900 | 275 11. 


4 
6 
| 2050 é eons UUU 40 2.0 VW 
bcs | 52 500 86 2 9.7 
50°000 261 4¢ 8.5 
45000 | 821 18 | (23.3 | 
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TABLE II —Continued. 


| 
Heat Treatment } H 4 
1200 F. Rupture Properties 
Aging Rolling 
Solution Treatment Trentmant” 
Tem- Method| 2e™- | Tem- Per Rup- Elon- | Reduc- Rupture 
pera- | Time, of pore’ | Time, | pera- cent | Stress, ture | ation | tion of | Strength, psi. 
ture, | Cool- ture, hr ture, Reduc- si Time in lin., Area, 
ing* tion hr. 
Fahr. | Fahr Fahr. cent cent | 100 hr. | 1000 hr. 
(C) Cold-working amount and temperature—Continued 
2050 | 2 Ww.Q 1200 10 60 000 69 1¢ » 59 000 52 000 
55 000 614 4 11.0 
50 000 1465 8.5 23.2 
2050 2 w.Q 1400 24 1200 10 55 000 88 22 39.8 54 000 43 500 
50 000 268 18 H.S 
47 000 302 15¢ 23.3 
44 000 920 15 40.0 
2050 2 Ww.Q. 1200 15 60 000 167 1 4.5 62 000 53 500 
(14.3) 55 000 389 8 21.0 
52 000 1556 4 16.4 
2050 2 Ww.Q. 1400° 24 1200 15 55 000 110 18 37.9 55 500 48 000 
52 500 365 19 37.9 
50 000 576 13.5 37.9 
2050 2 Ww.Q. 1200 20 63 000 102 g.5 2.8 62 000 56 000 
(18.9) 60 000 95 2 6.9 
60 000 243 1.5 4.1 
57 500 773 3 7.0 
55 000 1348 3 7.8 
2050 2 Ww.Q. 1200 25 70 000 19 2 5.7 66 000 56 000 
65 000 200 4 11.0 
60 000 493 5 18.9 
55 000 1142 5 21.6 
2050 2 w.Q. 1000 5 65 000 79 2 3.$ 63 500 53 000 
(15 6) | 609000 208 2.3 28 
55000 | 389 9 21.3 
50 000 2087 4.5 19.1 
2050 2 W.Q. 1400 15 65 000 66 3 10.9 62 500 52 000 
(15.3) 60 000 176 3.§ 13.2 
55000 | 551 6 25.6 
030 | 2 W.Q. 1600 15 60 000 40 15 29.8 56000 | 45000 
(14.3) 55 000 188 11 37.2 
50 000 321 13 40.2 
45 000 1013 14 29.5 
2050 2 W.Q. 1700 15 55 000 61 24.5 36.9 52 000 39 000 
(15.7) | 50000 | 123 25 36.9 
45 000 342 28 39.8 
2050 2 W.Q. 1800 5 54 000 48.5 25 36.9 51 000 43 000 
(15.0) 50 000 125 19 35.0 
45 000 $35 20 33.0 
er SOLUTION TREATED aT 2100 F. her 
no | 4 | wa. | 50 000 35 | 9¢ | 17.8 | 46500 | 40000 
45 000 140.5 6° 10.9 
40 000 1003 16 17.8 
SOLUTION TREATED AT 2150 F. 
2150 1 | Wa. 45 000 33 | s@ 14.4 | 42500 | 38000 
41 000 47 5.54 | 15.6 
40000 | 312 6.54 | 9.7 
| 37 000 1743 13 16.7 
SOLUTION TREATED AT 2200 F. 
i (A) Time and cooling rate 
| wa | 45.000 14 8.s¢| 14.4 | 42000 | 38.000 
| 42500 | 149 7° 9.1 
| | 40000 | 420 9¢ 62 | | 


Continued on pp. 626 and 627, 


| 


Heat Treatment 


Solution Treatment 


Method 
Time, of 
hr. Cool- 
Fahr ing* 
2200 1 w.Q 
2200 1 AC 


2200 


2200 


2200 


2200 


2200 


2200 


1 

1 Wo 

1 W.Q. 
1 W.Q. 
1 W.Q 

1 waQ 

1 w.Q 

i wQ 
1 w.Q. 
1 w.Q. 
1 wQ 

1 W.Q 
1 


Aging 
Treatment” 
Tem- 
pera- | +: 
ture, 
deg 
Fahr. 
1400 2 
1400 8 
1400 16 
1400, 24 
1400 | 50 
1350 24 
1350 50 
1500 24 
1600 24 
1750 24 


(C) Cold-working amount and tem 


& 
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TABLE Il.—Continued. 


Hot-Cold 
Rolling® 


SoLUuTION TREATED AT 2200 F. 
(A) Time and cooling rate—Continued 


| 


(B) Aging time and temperature 


Stress, 


psi. 


50 000 
45 000 
40 000 
37 500 


45 000 


40 000 
37 000 


53 000 


| 1400 24 


| 


| 1200 


55 000 


(5.1) | $0000 


60 000 
50 000 


58 000 
55 000 
52 500 
50 000 


AND WHITE > = 


1200 F. Rupture Properties 


_ Rupture 
Strength, psi 


100 hr 


1000 hr. 
42000 38.000 
40000 35 000/ 
15.4 51 000 44 000 
13.3 
20.0 
11.5 47000 40000 
7.3 
7.3 
17.8 | 48500, 41000 
16.5 
17.8 
18.3 | 50000 42000 
17.8 
23.3 
30.8 
33.0 | 49000 | 38500 
21.2 | 
22.0 
23.3 | 53000 | 39500 
20.0 
35.0 
13.3 47 000 | 37 000 
16.7 
21.2 
21.6 
35.0 | 49000 | 35000 
25.6 
39.6 | 
37.9 | 51000 | 35500 
36.0 
43.8 
31.4 
39.8 | 49000 | 40000 
39.8 
36.0 
7.0 | 4000 | 47000 
12.2 | 
4.5 | $7000 | 51000 
| 56000 | 47000 
4 
4 
5 


Tem- Elon- | Red 
Per Rup- : - 
pera- | cent | | ture | | 
deg’ Reduc Time, 
Fahr. wen br. cent 
| | 29 4 
247 6° 
| 1500 
7 | 3 
m 
| 123 15 
| 45000 | 658 14 
2200 os 50 000 36 5 
45000 | 178 
42000 | 558 8! 
= | | $0000 67 12 
45000 | 384 | 12 
42000 | 510 15 
| | 
| | $4000 | 48.5] 122 
b | | $0000 | 118 | 14 
47000 | 133 | 18 
| | 45000 | 398 | 21 
| | | 
= 88 20 
45000 | 234 20 
41 000 | 573 20 
| 50000 | 170 15 
- 45000 | 335 21 
‘ 40000 | 918 36 
| 50 000 53 12 
45000 | 145 10 
. | 40000 | 479 14 
35000 | 3301 19 
2200 | ue | eee | $0000 | 76 | 25 
45000 | 209 22 
40000 | 346 30 
| 45000 | 216 32 | 
. 40000 | 468 35 
| 35000 | 1168 28 
| cone | 78 | «(30 
45000 | 245 | 27 
41000 | 696 | 33 
ture 
( 
| i 
2200 | | 6 | 1 
2200 | 1200 37 | 
| |: 
2200 1200 | 10 ior | 11 
87 12 +] 
200 1¢ 
| 403 15 
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TABLE II.—Continued. 
Heat Treatment id 
4 1200 F. Rupture Properties 
Agin Rolling | 
Solution Treatment Tested | 
Tem- Method 7Te™- | Tem- | per Rup- | Elon- | Reduc- | Rupture 
pera- | Time, | of pera- | Time, | P&T | cent Stress | ca gation | tion of) Strength, psi. 
ture, | Cook ture, h ture, | Reduc- in 1in.,| Area, | 
ir. | Cool: deg. r. deg. | uc psi. per per. |— 
Fahr. | | | Fahr. 3F cent | cent | 100 hr. | 1000 br. 
nance (C) Cold-working amount and temperature—Continued 
20 | +t | WQ.| .... .. | 1200 | 15 | $5000 12 1¢ 4.3 | 54000/, 52000 
(14.3) | 52000 | 2115 2. | 6.0 | 
45 000 Discontinued at 1943 hrs. 
2200 | 1 W.Q. 1400° 24 1200 15 65 000 78 4.5 10.9 64 000 53 500 
| | 60 000 228 | 
| | 55 000 693 3° 5.0 
2200 | 1 W.Q. 1000 15 55 000 77 $3 4.1 54 000 49 000 
(15.6) 52 500 134 0.5 1.7 
50 000 574 1 1.5 
2200 1 W.Q. wee = 1400 15 60 000 40 1 1.5 56000 | 51000 
(14.9) 55 000 146 1 4.2 
52 500 581 1 1.4 
50 000 | 1646 3.5 3.5 
2200 1 w.Q. ices a 1600 15 55 000 | 110 4.5 13.8 55 500 43 500 
(14.3) 50 000 235 6.5 19.0 
45000 | 736 10 25.4 | 
SOLUTION TREATED AT 2250 F. 
2250 4 ws | | 16.5 41 000 38 000 
| 40 000 120 | 4 | 16.0 
35 000 Discontinued at 2251 hr. 
| 37 500 | 3122 | 10 15.3 | 
SoLuTION TREATED AT 2300 F. 
wo | 4 |wa.| .... | | 45000 | 98 | 6 | 12.8 | 44000 | 37500 
40000 | 260 
36 000 Overheated at 1247 hr. 
38 000 978 4.5 | 12.1 


ry Q. = water-quenched, A.C. = air-cooled. 
All aging treatments preceded hot-cold rolling except where noted. 
© Aged after rolling. 


4 All hot-cold rolled material was given a final stress-relief at 1200 F. for 1 hr. «= & 
Fractured in gage mark. 
Estimated. 


sion specimen from one end, four 2} in. minimum number of tests needed to in- 
long by 0.160-in. diameter rupture speci- dicate the 100- and 1000-hr. rupture 
mens from the other end, and hardness _ strengths were run. 
and metallographic specimens from the Brinell hardness tests were made on all 
small piece of stock remaining. the bars. Original metallographic sam- 
The room-temperature tension tests ples were prepared for observation, and 
were conducted in a 60,000-pound hy- photomicrographs were made of repre- 
draulic testing machine. The modified- sentative samples. 
Marten’s type extensometer system used 
had a sensitivity of 0.000003-in. per in. RESULTS 
Rupture tests were run in individual Graphical summaries of the properties 
stationary units applying the stress of most interest, based on the detailed 
tarough a simple beam and knife-edge test data of Tables I and II, show the 
system. Approximately 24 hr. was al- effects of the various treatments. Anal- 
‘owed for temperature adjustments prior ysis of the results is difficult because ef- 
‘0 application of the stress. Only the fects varied depending on the initial 


00 
f 
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solution treatment conditions before ag- Hot-Rolled Stock: 


ing and hot-cold work and on the rupture The effects of aging and hot-cold work- 
time period considered. The following ing conditions are summarized in Fig. 3, 


Properties at Room Temperature 


22 
So 250 


Tensile Strength 


+ 
140,000 


\ 


120000 ~o 
a 
| 
100000 
| 
a 80000 0.02 per cent Offset x - 10 percent Reduction at_ 
Yield Strength Room Temperature 
60000 @-I400F 24hr After — 
Sper Hot-Cold 
k 
40000 = ¥ 
| 
Rupture Properties at 
Rupture Strength . 
40,000 1000 hr. 
| 
30000 
40 Rupture Elongation 
Va 
/ 
20 100 Sdlutic 
| Hot 5 | 10 | 15 | 20 |20%| ISOOF. 
Rolled Red.at| A.C. 
1200F +20 % 
t |465%| Re 
Temperature 1400 F 
ot-Co olled 4iBOOF|Repeate 
Aged 24 hr. at I200F. to |6Times+ 4 “= 
I4O0F|IBOOF AC. P 
Fic. 3.—Effect of Aging and Rolling on the Properties of Hot-Rolled Bar Stock of Low-Carbon 
N-155 Alloy. 
observations only summarize trends, and The trends of the effects are covered in 
exceptions for specific cases are numer- the following discussions. It should be 
ous. recognized, however, that these trends 


a 


ON INFLUENCE or HEAT TREATMENT ON Low-CaRBon N-155 _ 


Properties at Room Temperature 
350 T T ra 
-$ Brinell Hardness 
260 
150 
160 00O 
140 000 
Tensile Strength 
120 000 F- 2 
i 100 000 
80000 
60,000 | —0.02 per cent Offset Yield Strength—— 
40 000 
40 | — Elongation 
Pind 
58 
20 
Rupture Properties at \I200OF. 
| | 
Rupture Strength 
60 000 
Rupture Elongation 
20 
100-hr. 
0 --@ 
Time ite.| 2 | 2 | 5 v2} 
Anling | wa |AC. 
Temp, 2050 F. 2200F. 


bon 


W.Q.—Water-Quenched 

A.C.—Air-Cooled 

"iG. 4.—Effect of Time and Cooling Rate on the 
Properties of Solution Treated Bar Stock 


of Low-Carbon N-155 Alloy. 
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Properties at Room Temperature 


Brinell Hardness 


T qT 


ow Tensile 
0.02 per cent Offset Yield — 
Strength 
Elongation | 
— 


Rupture Properties at |2OOF. 
T 


Rupture Strength 


if 


100 - hr. 


1000 - hr. 


Vans 


100-hr. 


1800}|900 


2100 |2200 |2300 


Solution 
Temp.,F. 


Roll-| 2 2 


211 th bo 


Solution 
Time, tw. 


Water Quenched 


Cooling 


Fic. 5.—Effect of Solution Treating Temper- 
ature on the Properties of Low-Carbon N-155 
Alloy Bar Stock. 


| 
| 
| 
= 


“y 


100 < 1000 
As Rolled 

x 100 1000 


could be greatly modified by changing 
the initial hot-working conditions. 

1. Increasing reduction of properties 
at room temperature, particularly yield 
strength, resulted from increasing tem- 
perature of aging the hot-rolled stock. 
Rupture properties were significantly af- 
fected only by aging at 1750 F. with a 
marked increase in elongation and some 
reduction in 100-hr. strength. 


2. Hot-cold working at 1200 F. in- 


creased strength and hardness and re- 
duced ductility at room temperature in 


1800 F., 2 hr. 
Fic. 6.—Effect of Solution Treating Temperature « 


Note.—All specimens were water-quenched {rm 


proportion to the amount of reduction up 
to 20 per cent. Rupture strengths in- 
creased up to 15 per cent reduction only, 
with the major increases resulting from 
5 to 10 per cent reduction only. 

3. Reduced elongation in the rupture 
test was the only effect of reducing ti 
hot-cold working temperatures for 10 pe 
cent reduction from 1200 F. to 100 
temperature. 

4. Very limited data indicate that % 
ing after hot-cold work sharply reduces 
strength at room temperature and 10! 
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On INFLUENCE OF HEAT TREATMENT ON Low-Carpon N-155 631 
100 1000 
2050 F.,2hr 
100 1000 
2200 F., 1 hr. 


ture os the Microstructure of Low-Carbon N-155 Bar Stock. 
hed fron temperature. Etched in electrolytic chromic acid. 


on Up short time periods at 1200 F. A major can occur; solution and diffusion of pre- 


improvement in elongation in the rupture cipitated constituents takes place. The 
only, test resulted. degree to which these reactions take place 
, from 5. Severe working and annealing in the _ is dependent on the solution-treating con- 
temperature range from 1800 to 1409 F. ditions and on the initial condition of the 

ypture ‘0 precipitate and agglomerate excess material before treatment. Prior treat- 
ng the ostituents gave results similar to those ment is now known to have a significant 
10 pet ‘sulting from aging at 1500 and 1750’. effect on the properties after treatments 
root up to at least 2200 F. The trends shown 


‘ution Tre : 
a: by the following discussions of the data 


nat ag Solution treatments involve several are therefore strictly only applicable to 
educt ncurrent reactions in the metal. Cold the particular stock tested. When the 
nd 10! tk 1s annealed out; recrystallization temperature of treatment was 2200 F. or 


| 
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higher the results are probably quite 
generally representative of the alloy. 

1. Time of solution treatment at either 
2050 or 2200 F. had little effect on prop- 
erties, as Fig. 4 shows. 

2. Air cooling tended to reduce rupture 
strengths in comparison to water quench- 
ing as indicated by the same figure. 

3. The effects of solution-treating tem- 
perature on properties are summarized in 
Fig. 5. Strength and hardness at room 
temperature decreased with increasing 
temperature while ductility increased. 
Yield strengths were anomalous after 
heating at 2100 to 2200 F. The major 
effect on rupture properties was reduced 
elongation and reduction of short-time 
rupture strength. Increasing the tem- 
perature of solution treatment reduced 
the slope of the  stress-rupture-time 
curves, thus indicating increased strength 
at prolonged time periods. 

4. The reduction in elongation in the 
rupture test was accompanied by an in- 
creasilig tendency for brittleness at the 
stress concentrations of the fillets and at 
gage marks of the specimens. 

5. Typical microstructures resulting 
from the solution treatments are shown 
in Fig. 6. Partial grain growth started 
at 1950 F., and the grain size gradually 
increased with temperature of treatment. 
Grain size was not excessive after heat- 
ing as high as 2300 F. It is, however, 
now known that prior treatment influ- 
ences the grain size, in a manner not yet 
understood, even when the treatment 
temperature is 2200 F. 

The structures indicated that a tem- 
perature of 2050 or 2100 F.. was required 
to dissolve excess constituents precip- 
itated during the heating-up period. 


Aging after Solution Treatment: 


1. The major effect of aging at 1350 
te 1750 F. for 24 hr., as shown by Fig. 7, 
was to increase elongation in the rupture 
test and to widen the difference between 
rupture strengths at 100 and 1000 hr. 


-- FREEMAN, REYNOLDS, FREY, AND WHITE 


2. The effects of aging on properties 
seem rather slight in comparison to the 
effects on microstructure illustrated by 
Fig. 8. The indications are that grain 
boundary precipitation is connected with 
the increased rupture-test ductility. 

3. Figure 9 shows that the changes 
that occur in rupture strength as a result 
of aging appeared after short aging times, 
There was little further change in 100-hr, 
strength after 2 hr. of aging at 1400 F. 
Increasing the aging time to 24 to 50 hr. 
tended to reduce rupture strengths 
slightly except for the 100-hr. strength 
after the 2200 F. solution treatment. 

Elongation in the rupture test was in- 
creased by increasing time of aging except 
for the material solution treated at 2050 
F. and aged for 50 hr. The increase in 
ductility was greater in the mate- 
ria] solution .--ated at 2050 F. than that 
treated at 2200 F. for aging time periods 
up to 24 hr. 

There was very little difference be- 
tween material aged at 1350 and 1400 F. 
for 24 and 50 hr. 


Hot-Cold Work after Solution Treatment: 


Prior heat treatment, temperature of 
hot-cold working, and degree of reduc- 
tion were the major variables of hot-cold 
working conditions considered. 

1. Prior solution treatment tempera- 
ture had considerable effect on the prop- 
erties after 15-per cent reduction at 
1200 F., as is shown by Fig. 10. In- 
creasing the solution temperature Ie 
duced strength at room temperature with 
little influence on ductility. Increasing 
the solution treating temperature tended 
to reduce 100-hr. strength and increase 
the 1000-hr. strength. An exception was 
that a treatment at 1800 F. sharply re 
duced all strength values after hot-cold 
work. Elongation in the rupture test 
was sharply reduced by increasing solu- 
tion treatment temperature, and material 
treated at 2200 F. behaved in a very brit: 


tle manner. 
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2. Figure 10 also shows that aging 
after hot-cold working resulted in de- 
creased strength at both room tempera- 
ture and 1200 F. except for the material 
solution treated at 2200 F. Rupture 
test ductility was markedly improved 
and the tendency for brittleness removed. 

3. Strength at room temperature 
tended to fall off as the hot-cold working 
temperature was raised to 1400 F. and 
higher, as is shown by Fig. 11. Rupture 
properties were little effected until the 
temperature of hot-cold work was in- 
creased to 1600 and 1800 F. when the 
strength fell off and ductility increased. 

The much smaller difference between 
rupture strengths at 100 and 1000 hr. 
(flatter stress-rupture-time curves) for 
the stock solution treated at 2200 F. 
prior to hot-cold work than for the stock 
treated at 2050 F. or left in the hot-rolled 
condition is emphasized by Fig. 11. 

4. The effect of amount of reduction 
at 1200 F. is summarized by Fig. 12. 
Strength and hardness were increased 
and elongation reduced at room tempera- 
ture in proportion to the amount of hot- 
cold work up to 25 per cent. There was 
some indication of a drop in yield 
strength after a solution treatment when 
the hot-cold work reduction was more 
than 20 per cent. 

The curves of rupture strength versus 
degree of reduction tended to level off 
after 15 per cent reduction. Increasing 
the reduction tended to increase the dif- 
ference between 100- and 1000-hr. 
strengths of the original hot-rolled stock. 
Material was not tested with more than 
15 per cent reduction after a 2200 F. solu- 
tion treatment due to excessive brittle- 
ness. 


5. Figure 12 also shows that aging 
prior to hot-cold working reduced the re- 
sulting rupture strength and increased 
Prior aging 


the elongation at 1200 F. 


had little effect at room temperature ex- 
cept to reduce ductility. 

6. The microstructures after hot-cold 
working did not reflect the pronounced 


changes in properties, as is indicated by 
Fig. 13. 


DISCUSSION OF RESULTS 


Probably the most important result 
from the investigation is that it empha- 
sizes the degree to which the properties 
of an alloy of the type considered are de- 
pendent on conditions of prior treatment. 
The most severe limitation is the proba- 
bility that the results are not generally 
applicable even to low-carbon N-1:5 
alloy because original hot working con- 
ditions probably have a pronounced in- 
fluence on the properties until solution 
treating temperatures are of the order of 
2200 F. or higher. A further limitation 
is that high-temperature data are re- 
stricted to limited rupture testing at one 
temperature on one lot of stock. These 
considerations therefore serve to clarify 
the necessity for more research on the 
fundamental factors which control the 
properties of alloys of this type at high 
temperatures. Until this is done it will 
be necessary for users to design on the 
basis of excessively wide scatter bands for 
any one alloy, and efficient utilization of 
alloy content will not be possible. 

The results are discussed in somewhat 
greater detail in the following sections. 
Major emphasis has been placed on in- 
terpretation and application of the data. 


Range in Properties: 


The total range in properties produced 
by the treatments was very wide as the 
summary of Fig. 14 shows. Yield 
strengths at room temperature ranged 
from 30,000 to 134,000 psi. at 0.02 per 
cent offset. The stress for rupture in 
100 hr. at 1200 F. varied from 40,000 t 
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66,000 psi. and in 1000 hr. from 35,000 to 
56,000 psi. In terms of time for frac- 
ture, these results mean that in its weak- 
est condition the alloy would fracture at 
1200 F. under a stress of 40,000 psi. in 
100 hr. In the strongest condition the 
alloy would carry the 40,000 psi. for an 
estimated 600,000 hr. Under a stress of 
56,000 psi. the strongest condition would 
fracture in 1000 hr. at 1200 F., whereas 
the weakest condition would fail in a time 


x 


xX 100 


2. The wide range in properties which 
have been observed for any one alloy in 
the hot-worked condition quite certainly 
is the result of the effects shown for heat 
treatment and hot-cold work. During 
hot working an alloy can be heat treated 
and hot-cold worked simultaneously. 
Therefore a range in properties is to be 
expected depending on the conditions of 
hot working. 

3. The probability is that the hot- 


/ 
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Fic. 13.—Microstructure of Solution-Treated and Hot-Cold Worked Low-Carbon N-155 Bar Stock. 
Etched in electrolytic chromic acid. 


Solution treated 2050 F., 2 hr., 


period estimated as less than 0.1 hr. 
Ductility in the rupture test also varied 
over wide limits. The percentage elon- 
gation for fracture in 100 hr. ranged from 
one to 40. 

These wide variations are significant 
for several reasons: 

1. The most important is that proc- 
essing and heat treatment must be con- 
trolled to obtain predictable properties 
or the highest strengths possible from the 
alloy. Rather wide variations in prop- 
erties for several heats have been to a 
tge extent a result of a lack of suitable 
‘ontrol of the processing conditions. 


water quenched, and 25 per cent hot-cold work at 1200 F. 


working conditions not only control prop- 
erties in the hot-worked condition but 
also have a pronounced effect on the 
properties after most commercial solu- 
tion, aging, and hot-cold working opera- 
tions. 

4. The absence of systematic correla- 
tions between chemical composition and 
properties for a wide range of alloys is 
believed to be largely the result of un- 
controlled comparative processing and to 
the possibility that to attain optimum 
properties may require different treat- 
ments for each alloy. 
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Specific Effects of Treatment Conditions: 


The metallurgist is continually faced 
with the necessity of specifying treat- 
ments for various applications. In gen- 
eral these must be based on many consid- 
erations. With the exception of manu- 
facturing limitations, the most important 
are the strength and ductility at room 
temperature, the expected life, permissi- 
ble deformation and required ductility 
at high temperatures. Restricting per- 
missible deformation considerations to 
those defined by the rupture test and to 
a temperature of 1200 F., the data re- 
ported indicate: 

1. For short-time applications the hot- 
rolled and hot-cold worked stock pro- 
duced the best combinations of strength 
and ductility. The difficulty with this 
finding is that it would probably be dif- 
ficult to control hot-working conditions 
so that consistently uniform properties 
could be obtained, particularly ductility 
in the rupture test at 1200 F. Material 
hot-worked with a high reheat tempera- 
ture, a high finishing temperature and a 
rapid cool would behave like solution- 
treated stock. Lowering the finishing 

temperature would introduce initial hot- 

cold work. Several reheats to too low a 

temperature for effective solution would 

result in material weakened by agglom- 
eration of excess constituents. 

2. Solution treatments alone result in 
low strength at room temperature and 
low short-time rupture strength at 1200 
F. Solution-treatment temperatures 
tbove 2100 F. result in excessive brittle- 
ness under the low strain rates of the 
‘upture test. Yield strengths for 0.02- 
ber cent offset at room temperature of 
s than 40,000 psi. and_ rupture 
trengths of the order of 45,000 and 
“000 psi. for 100 and 1000 hr. are in- 
‘icated by the data for the best solution 
‘eatments. These properties were ob- 
‘ained after a solution treatment at 
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about 2100 F., a temperature at which 
the results are quite certain to be influ- 
enced by prior hot-working. 

3. The major effect of aging was to 
increase ductility in the rupture test and 
to reduce rupture strengths at prolonged 
time periods. Low-carbon N-155 def- 
initely appears to be an alloy which does 
not exhibit pronounced aging effects. 
The data definitely indicate that for 
predictable properties the best treatment 
is a high-temperature solution treatment 
followed by aging at 1350 to 1400 F., al- 
though there was surprisingly little effect 
from aging as high as 1750 F. The time 
of aging does not appear critical, 2 hr. 
producing about the same effect as the 
much longer times ordinarily used. 
Yield strengths at room temperature of 
the order of 40,000 to 50,000 psi. and 
rupture strengths at 1200 F. of about 
50,000 and 40,000 psi. for 100 and 1000 
hr. with adequate ductility appear to be 
typical for these treatments. 

4. The high strengths considered char- 
acteristic of the alloy are dependent on 
hot-cold work. Maximum rupture 
strength at 1200 F. is obtained in effec- 
tively solution-treated stock by 10 to 15 
per cent reduction at or below 1400 F. 
Such treatment should be expected to 
give yield strengths at room temperature 
of 90,000 to 110,000 psi. and rupture 
strengths as high as 63,000 psi. for 100 
hr. and 55,000 for 1000 hr. 

The ductility in the rupture test is con- 
siderably more complicated. Effectively 
solution-treated stock develops extreme 
brittleness after hot-cold work. The 
data in this report, indicating that the 
ductility after hot-cold work would be 
adequate with a solution temperature 
below 2200 F., could be misleading if 
original hot-working resulted in effective 
solution. It would seem therefore that 
it would be necessary in order to obtain 
both good strength and ductility to con- 
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Fic. 15.—Typical Curves of Stress Against Rupture Time for Low-Carbon N-155 Alloy. 
TABLE III.— COMPARATIVE PROPERTIES OF LOW-CARBON N-155 DISKS AND BAR STOCK. 


® A = Estimated from Brinell hardness and data for bar stock in this paper. 
B = Test data from this paper. 


Room Temperature oe 
| Offset Yield D 
ta 
Material Treatment 100-hr. 
— anniets | Brinell | Tensile Strengths, psi. — 100 1000 | Elon- | Source® 
| Hard- | Strength, 0.02 02 | hr., | gation, | 
| mess psi. per per cent psi. psi. = } 
| cent cent 
Disk..... As forged +2hr.at| 235 | 120350 | 58750 72650 | 34.5 | 55000 | 42.000 it Ref. (5) 
1200 F ‘epee 65000 | 80000 | 40 A 
Disk Asforged | 210 | 119.800 | 65000 | 44 46.000 | 38 500 9 | Ref.(6 
50 000 | 70000 | 40 A 
Bar .| As rolled | 233 | 128500 | 72 500 78500 | 40.5 | 49500 | 37500, 17 B 
Disk Asforged+24hr.at | 232 | .... | 47000 | 33500 | 36 | Ref.) 
1500 F. Sas 60000 | 70000 | 35 A 
Bar As s rolled +24hr.at | 212 124.000 | 46 500 62500 | 36 47000 | 36000 | 14 B 
me 
Disk.... | 2200F.W.Q.4+24hr. | 173 106 000 | | 53500 | 38 41500 | 36000 | 12 | Ref.) 
at 1350 F. | 40000 | 50000 | 38 A 
Bar | 2200 F. W 2. +24hr.| 205 120125 | 54000 64000 | 38.5 | 53000 | 39 500 15 B 
 Disk.....| 2700F.W.Q.4+24hr. 207 114 000 61500 | 22.5 | 44000 | 35000 | 18 
at 1500 F. ; 45000 60000 36 
Bar......| 2200 F.W.Q.+24hr. 202 121750 50000 63500 36.5 49000 35000 25 
at 1500F. | | 
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trol hot-working conditions, age after 
hot-cold work, or sacrifice some strength 
and use a higher hot-cold working tem- 
perature. 


Effect of Treatment on Properties for Pro- 
longed Service: 


The data indicate that effective solu- 
tion treatment combined with hot-cold 
work produces the highest strengths for 
prolonged service at 1200 F. as well as for 
short-time service. Typical stress-rup- 
ture time curves illustrating the effects of 
the various typical treatments are shown 
_by Fig. 15. 

The curves for the solution-treated and 
hot-cold worked materials are parallel to, 
and at a higher stress level than, those 

fo the material only solution-treated. 
Aging treatments after solution treat- 
ment apparently drastically reduce long- 
time strength. 

In view of the commonly accepted be- 
lief that hot-cold work is detrimental to 
prolonged rupture strength, it appears 

_ that the stability of the hot-cold worked 
state varies widely from alloy to alloy 
and governs the usefulness of hot-cold 


One of the objectives of the investiga- 

tion is to develop relationships which 
would permit checking the relative prop- 
erties of any lot of low-carbon N-155 
alley by means of a few simple tests. 
The work has not yet progressed suffi- 
ciently to do so. Brinell hardness only 
predicts yield strengths to a range of 
30,000 psi. as is shown by Figs. 16 and 
17. There was no consistent relation- 
ship between hardness and _ rupture 
strength. 

Published data for disks (4, 5, 6) of 
low-carbon N-155 alloy are compared 
= those for the bar stock of this paper 
in Table I1I. Average properties for the 


Correlation of Data: 
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disks were in general lower than for the 
bar stock. Estimated values, based on 
the experience with the alloy obtained 
from the data in this paper and the dif. 
ference in hardness between the disks and 
bar stock, were much closer together 
This suggests that when actual condi- 
tions of prior treatment are the same, 
disks and bar stock will have the same 
properties; and the relative trends in- 
dicated by the data are not so much 
typical of the difference in disks and bar 
stock but of their conditions of treat- 


ment. 


CONCLUSIONS 


Systematic variation of treatments 
produced the following ranges in prop- 
erties in one lot of low-carbon N-155 bar 
stock: 


cent Offset | Rupture Strength 
at 1200 F., psi. 
 |Strength at 
Room Tem- 
sed 100 hr. | 1000 hr. 
— | 
Solution treatments. .| 30 000 to | 40 000 to 35 000 to 
50 000 49 000 | 40 500 
Aging treatments ....| 38 000 to | 45 000 to 35 000 to 
52700 | 53000| 44 00 
Hot-cold work........ 67 000 to | 51 000 to 39 000 to 
134 000 66 000 | 56 000 


Solution treatments above 2100 F., 
particularly prior to hot-cold work, re- 
sulted in excessively low ductility and 
brittleness in the rupture test. The 
specific effects of treatment conditions 
varied depending on the time period for 
rupture. Hot-cold work gave the high- 
est strength at 1200 F. for both long and 
short time periods. The major effect of 
aging was to increase ductility in the 
rupture test and reduce long-time rup- 
ture strength. 

The strength ranges indicate the neces 
sity for controlled processing for cot 
sistent and reproducible properties. 
is suggested that hot-working conditions 
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can have a pronounced effect on pfoper- 
ties even after solution treatments up to 
2200 F. 

Wide scatter bands in the properties 
of alloys of the type considered are due, 
at least in part, to these factors. The 
absence of systematic correlations of 
properties and chemical composition are 
probably the result of uncontrolled com- 


645 


probability that treatment condition ef- 
fects vary with composition. 

The data indicate the necessity for 
more research work to determine the 
fundamental factors which control prop- 
erties of the alloys of this type at high 
temperatures, extending the scope to in- 
clude higher temperatures, creep charac- 
teristics, melting practice variables, and 
clarification of the effect of hot-working 


parative prior treatment and of the conditions. 
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The importance of obtaining further 
knowledge of the factors influencing pro- 


By T. J. Dotan,! F. E. Ricwart, Jr.,? anD C. E. Work! 


SYNOPSIS 


This paper describes the results obtained from an investigation dealing with 
the fatigue life of metals subjected to repeated stresses that fluctuated between 
two different predetermined amplitudes. Small high-speed rotating canti- 
lever-beam fatigue testing machines applied to notched or unnotched specimens 
the general types of stress history studied. ‘These were a type G loading cycle 
in which the amplitude of stress for each test was varied gradually and con- 
tinuously between two limits designated as the minor and major stress ampli- 
tudes, and loading cycles A and B in which the stress amplitude was alternated 
abruptly at regular intervals between two predetermined values. 

Studies were made of three steels and of 75S-T aluminum alloy, with the 
greatest emphasis on tests employing a loading cycle of the type B, in which 
each 1000 cycles of a major stress amplitude were followed by 9000 cycles of a 
lower (minor) stress amplitude. The range of values for the minor stress 
amplitude included several levels of overstress as well as of understress. 

The change in fatigue life resulting from intermittent understressing de- 
pended not only on the magnitude of the understress but also on the magni- 
tude of the major stress alternated with the understress. For major stresses 
only slightly above the original fatigue limit, a marked increase in total fatigue 
life resulted for unnotched specimens of all three steels; this was equivalent to 
an increase in fatigue limit. Cycles of understress (stresses below the fatigue 
limit) in load cycle B reduced the fatigue life of unnotched specimens of 
S.A.E. 1045 and S.A.E. 4340 steels, but did not produce a damaging effect in 
specimens of S.A.E. 2340 steel or of 75S-T aluminum alloy. 

For conditions of overstressing in which only small differences existed 
between the magnitudes of the major and the minor stress amplitudes, the 
fatigue life was practically as long as though all stresses had been applied at 
the minor stress level; however, for higher values of major stress the fatigue 
life was shortened. In general, increased values of minor stress (if an over- 
stress) resulted in a shorter fatigue life. Except in the cases cited above, 
failure occurred before the cumulative number of cycles at either the major or 
the minor stress amplitude reached the ordinary S-N curve. — oe 
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THE INFLUENCE OF FLUCTUATIONS IN STRESS AMPLITUDE ON 
THE FATIGUE OF METALS* 


gressive fracture of metals subjected to 
repeated applications of stress has long 
been recognized; various phenomena re- 
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lated to the mechanism of fatigue failure 
have been studied for about one hundred 
years. Much has been learned from 
laboratory experiments, but no rational 
quantitative procedure has been de- 
veloped for design of machine parts that 
are to be subjected to the types of re- 
peated loading encountered under actual 
service conditions. 

Conventional fatigue tests usually 

’ provide specific information regarding 
the life (number of cycles to failure) 
for a given type of specimen and for a 
test condition employing constant stress 
amplitudes. By altering the amplitude 
of stress from one test to the next, a 
series of values is obtained for the fatigue 
life, V, corresponding to any given level 
of stress, S. 

In normal operation of high-speed 
mechanisms, the magnitude of the 
load on a member usually varies con- 
tinuously with time; occasionally the 
moderate design stresses are exceeded, 
and a few cycles of very high stress 
(sometimes referred to as peak stress) 
are developed. Other intervals of idling 
or rest are often encountered, and a 
rather complicated stress history is 
built up during the normal life of the 
member. The beneficial and harmful 
eflects on a member resulting from each 
phase of such a varied loading sequence 
cannot be associated directly with any 
one level of stress. The data contained 
in the conventional S-N diagram do 
not express the changing characteristics 
of the metal induced by overstressing*, 
understressing®, or rest periods, that are 
inherent in the normal stress history of a 
machine part. Additional studies and 
information are needed to determine the 
efiect of these factors on the fatigue life 
of a member subjected to a stress history 


+ Stresses 
ferred to as “ 
limit as 


greater than the fatigue limit are often re- 
overstresses”’ and those less than the fatigue 
understresses.’”’ 
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composed of fluctuating cycles of re- 
peated stress (such as those shown in 


Figs. 2, 5 and 6). 
Summary of Previous Work: 


In order to determine the effect of 
repeated applications of a given stress 
on the capacity of the material to with- 
stand subsequent repetitions of other 
levels of stress, several investigators have 
“prestressed” specimens at one stress 
level and then “retested” at a second 
level of stress. French (1)‘ investi- 
gated a “probable damage line” cor- 
responding to the number of cycles at 
each given level of stress which could be 
applied without damaging a specimen; 
the specimen was presumed to have been 
damaged if it failed upon retesting at a 
stress equal to the original fatigue limit. 

Kommers (2, 3, 4) made a comprehen- 
sive study of a somewhat different nature 
for evaluating the damaging effect of 
cycles of ‘‘overstress.” After subject- 
ing a group of specimens to a definite 
number of cycles of a given stress, the 
damage or strengthening produced was 
measured by retesting to determine the 
resulting change in fatigue limit. Ben- 
nett (5) also devoted considerable atten- 
tion to the evaluation of the effects of 
prestressing by retesting and observing 
the relative number of cycles to produce 
failure at a second stress level. 

The number of cycles run at the pre- 
stress divided by the fatigue life (as 
represented by the number of cycles to 
the conventional S-N curve at that 
prestress) was designated as the “cycle 
ratio.” Bennett found that the number 
of cycles required to develop failure at 
the final test stress was nearly always 
less than the fatigue life of a virgin speci- 
men at the test stress; the amount by 


4 The boldface numbers in parentheses refer to the lis 
of references appended to this paper, see p. 678. 7 


648 


which the number of cycles at the test 
stress was less than the normal fatigue 
life (expressed as per cent of the normal 
fatigue life) was termed “per cent dam- 
age”’ at the test stress. 

For a series of tests (for example pre- 
stressing at 54,000 psi. and testing at 
48,000 psi.) Bennett obtained the curve 
shown in Fig. 7 for the relation between 
cycle ratio at the prestress and per cent 
damage at the given test stress. This 
relation was valid for only a given se- 
quence of these two stresses. Prestress- 
ing at 48,000 psi. and testing at the 
higher stress (54,000 psi.) gave a dif- 
ferent curve for the relation between 
cycle ratio and damage. The results 
presented by both Bennett and Kommers 
show that the “stress history” is im- 
portant in the determination of the 
fatigue properties of a material. 

Miiller-Stock, Gerold, and Schulz (6) 
also studied the effects of prestressing at 
various levels (usually above the fatigue 
limit) and evaluated the damage or 
strengthening by the change in fatigue 
life exhibited at one given stress level. 
A prestress which oscillated at regular 
intervals between two levels (below and 
above the fatigue limit) was applied in 
one series of tests. 

None of these investigators attempted 
to apply fluctuating cycles of stress that 
were repeated until failure occurred. 
Stickley (7), however, did make a limited 
number of tests to fracture in which he 
subjected 25S-T aluminum alloy speci- 
mens to alternately high and low am- 
plitudes of reversed flexural stresses. 
Stickley used three different ratios of: 
number of cycles at low stress 
——, namely: 
number of cycles at high stress 
20 to 1, 50 to 1, and 200 to 1. He con- 
cluded that, in general, failure occurred 
when the number of cycles at either the 
low stress or the high stress approached 
‘the ordinary S-N curve for the material, 
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regardless of the sequence in which the 
stresses were applied. 

Langer (8), Thum and Bautz (9), 
Miner (10), Bollenrath (11), Richart and 
Newmark (12, 13), and others have pre- 
sented certain theories of the behavior 
of metals subjected to fluctuating ampii- 
tudes of repeated stress, but as yet there 
is not sufficient experimental data avail- 
able to verify any of the hypotheses 
presented. As a result there is no set 
procedure or specification to follow in 
designing a machine member for which 
the repeated stresses are expected to vary 
in amplitude during a normal service con- 
dition. The assumption is often made 
for ferrous metals (which exhibit a 
definite fatigue limit) that no damage to 
the material is developed by repetitions 
of stresses less than the fatigue limit 
(understresses) and hence that the fa- 
tigue life is controlled only by the peak 
stresses (overstresses) occurring during 
periods of overload. However, most 
non-ferrous metals do not exhibit a 
definite fatigue limit and presumably 
therefore might be damaged to some 
(unknown) extent by nearly all levels of 
applied stress. Furthermore, the tests 
of Bennett and Kommers indicated that 
the fatigue limit is itself a function of 
the previous stress history. Thus 4 
stress thought to be an understress 
might actually be greater than the new 
fatigue limit of the metal after a given 
stress history and hence contribute to 
the cumulative fatigue damage of the 
metal. 


Object and Scope of Investigation: 

The purpose of this investigation was 
to make a laboratory study of the extent 
to which the fatigue life of several metals 
was affected by a stress history consist- 
ing of repeated stresses that fluctuated 
at regular intervals between two dif- 
ferent predetermined amplitudes. F lex- 
ural fatigue tests were conducted of 
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small specimens of three steels and of an 
aluminum alloy by employing the three 
different fluctuating loading cycles il- 
lystrated in Figs. 2, 5 and 6; conven- 
tional tests were also made in which the 
specimen was subjected to sinusoidally 
varying stress of constant amplitude 
(Fig. 3). 

It was anticipated that the relative 
influence on fatigue life produced by ap- 
plying different amplitudes of repeated 
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TABLE I.—CHEMICAL COMPOSITION AND HEAT TREATMENT OF METALS TESTED, PER CENT. 
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Society’s Research Committee on Fa- 
tigue of Metals (21). More extensive 
tests were later conducted on normalized 
S.A.E. 1045 steel, quenched-and-tem- 
pered S.A.E. 2340 steel, and 75S-T 
aluminum alloy, having the chemical 
analyses and heat treatments listed in 
Table I. All specimens were cut from 
round bars 2 in. or j in. in diameter. 

After heat treatment, the static tensile 
properties were determined by tests 


S.A.E. 4340 Steel S.A.E. 1045 Steel | S.A-E. 2340 Steel 75S-T Aluminum Alloy 
0.39 0.44 0.40 Zinc 5.1 -6.5 
Manganese... 0.66 0.75 0.74 Copper. 1.2 -2.0 
Phosphorus. . 0.012 0.014 0.019 Magnesium 2:2. 
RS 0.018 0.021 0.020 Chromium 0.15-0.40 
ES HORE 0.21 0.28 Titanium max. 0.2 
Chromium.......... 0.72 Manganese max. 0.3 
1.72 3.48 Silicon max. 0.5 
Molydenum......... 0.35 Iron max. 0.7 
RRS Remainder Remainder Remainder Others max ea. 0.05 
total 0.15 
Aluminum Remainder 
Heat treatment Normalized at 1600 F..Normalized from,Oil-Quenched from Tested as received 
Oil Quenched from 1550 F 1450 F. Drawn at 
1500 F. Drawn at 1200 F. 
1150 F. 


stress might be determined for these 
simple types of stress history. This 


information would serve in a qualitative 
manner for evaluating the effect of a 
variable stress history such as might be 
, encountered under actual service condi- 
5 tions. It was also hoped that further 
y knowledge might be obtained regarding 
n the significant criteria that govern the 
0 mechanism of fatigue damage to aid in 
e explaining some of the puzzling phenom- 
ena observed by others in fatigue tests 
of specimens that had previously been 
repeatedly prestressed. 
EXPERIMENTAL INVESTIGATION 
t- Materials and Test S pecimens 
; Preliminary exploratory tests we were 
on quenched-and-tempered sam- 
a ples from the same heat of S.A.E. 4340 


steel used in previous studies by the 


TABLE II.—MECHANICAL PROPERTIES OF 
METALS TESTED. 
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75S-T 
S.A.E. | S.A.E. | S.A.E. 
Material 4340 1045 2340 — 
Steel Steel Steel Alloy 
Tensile strength, 
psi 150 400 | 97 300 | 117 200 83 680 
Yield point, psi....| 142 200} 59800 | 99500 | 730607 
Elongation in 2 
in., per cent.....| 18.2 27.8 23.55] 16.0 
Reduction in area, 
per cent. .. 61.0 47.5 66.5 31.6 
impact, ft. 
96.0 5.0 
Brinell ‘hardness, 
(3000-kg. load). 322 190 245 178.5 
Rockwell hardness) B—89.6 | C—21.4 | B—91.2 


Yield strength, 0.2 per cent offset 


For specimens of the type in Fig. 8 (6), 2-in. - 
= = 6 diameters. 


made on specimens of the types shown ~ 
in Figs. 8a and 8b; sample tensile stress- 
strain diagrams for three materials in 
the condition tested: are shown in Fig. 
10. Standard Charpy bending impact | 
tests were made on three to five speci- 
mens of the S.A.E. 2340 steel» and the 
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Fic. 3.--Amplitude Pattern of Stresses Developed Under Constant Load for Determination of 5-4 
Curves (Load Cycle C). 


_ Fic. 1.—High Speed Cantilever Fatigue Machine Constructed to Apply Load Cycle Go 
Sa 
Q 
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Sa 
A 
P 
Fic, 2 plitude Patt f Str Developed by Machine Shown in Fig. 1 (Load Cycle G 
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aluminum alloy (details of the impact both notched and unnotched specimens 
specimens used are shown in Fig. 8c). of the types shown in Fig. 9. The critical 


Fic. 4.—High Speed Cantilever Fatigue Machine Modified to Apply Load Cycle oe 


be One Loading Cycle 

5000 Stress Cycles 5000 Stress Cycles 
ot | | 
Sa Q } 
0 = [\ {\ N Sa 
z *~One Stress 

Fic. 5.—Amplitude Pattern of Stresses Developed in , Load Cycle A. Cycle A. = 
One Loading Cycle la 

. 1000 Stress Cycles 
9000 Stress Cycles > 
q 
* 
Q. t 

pil 
Fic. 6.—Amplitude Pattern of Stresses Developed by Machine Shown in Fig. 4 (Load Cycle B). 


The average results obtained from the diameters were selected for each metal 
tension, impact, and hardness tests are __ so that the strength characteristics of the 
listed in Table IT. specimen could be accommodated by the 

The fatigue studies included tests of loading range of the fatigue machine. 
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The design of the notched specimen was 
chosen as one that could be readily re- 
produced yet develop a fairly severe 
“stress raiser” for comparison with the 
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companion “unnotched” 
specimens. 

The unnotched fatigue specimens were 
finished by polishing longitudinally with 


No. 00 emery paper and oil; notched 


or polished 
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For determination of the ordinary 
S-N curves (shown in Figs. 11 to 15), the 
stress history produced in the outer fibers 
at the critical section of the specimen 
was of the type C shown in Fig, 3 jn 
which the stress amplitude, S, remained 
constant throughout the life of the 
specimen. The stresses were applied by 
use of a machine of the type shown in 
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specimens were nol polished but were 
cut using sharp tools carefully honed to 
shape and examined in an optical com- 
parator to assure uniformity of angle, 
root radius, and notch depth. 


Fatigue Machines and Testing Procedure: 


The four machines used were small 
high-speed rotating cantilever-beam fa- 
tigue testing machines constructed at 
the University of Illinois and were of the 
types shown in Figs. 1 and 4. These 
machines were run continuously at a 
nominal speed of 10,000 rpm. during the 
life of a specimen. 


Cycle Ratio at Prestress, per cent 
Fic. 7.—Cycle Ratio Damage versus Curves (From Bennett (5), Fig. 7). 


Fig. 1, but with the crank arm, R, and 
the connecting rod assembly, B, r- 
moved. The specimen was held at both 
ends in small Jacobs chucks, and the 
stress was determined by the position 
of the weight, W, on the loading lever, 
A, which was calibrated in terms of the 
bending moment at the critical section 
of the specimen. 

The nominal stress in the extreme 
fibers at the critical section of both 
notched and unnotched specimens was 
computed by use of the flexure formulas, 

Mc 


S= zine allowance was made for the 
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stress concentration resulting from the (Fig. 2) will be referred to as employing 
abrupt change of section in the notched- load cycle G. In this load cycle, the 
type specimen. stress amplitude fluctuated from a maxi- 


4 
4 > 


(a) Specimen for Static Tension Test of SAE 1045 Steel, SAE 4340 Steel, ona 75S-T 


0. 375" 5" 
| 
— 
4 
(6) Specimen for Static Tension Test of SAE 2340 Steel. 
45° 
0.01" a” 
0.394" 
" | | | 
" 


(c) Specimen for Charpy Impact Test. 
Fic. 8.—Details of Static Tension and Bending Impact Specimens. 


Tests in which a rotating cantiliver- mum to a minimum value and back to — 
‘eam specimen was repeatedly subjected the maximum value during each 10,000 
‘0 stress whose amplitude varied grad- revolutions of the specimen. The upper 
ually between two predetermined limits limit of stress amplitude in a given test 
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| will be termed “major stress amplitude” 
} and will be represented by the symbol 
S,4, whereas the lower limit of the stress 
amplitude will be called the “minor 
| stress amplitude” and will be represented 
by the abbreviation S, (Fig. 2). 

Load cycle G was produced by the 
machine with the crank arm R and con- 
necting rod B installed as shown in Fig. 


(a) Unnotched specimens. 


made at the junction of the crank arm 
and the connecting rod by means of 2 
pivot which clamped to each piece sepa. 
rately. 

In other tests the magnitude of the 
load applied to a rotating-beam speci- 
men was changed abruptly between two 
predetermined values at regular inter. 
vals (the specimen was subjected to a 


0.0!" rad. at root of notch 
| 


1. With this arrangement the crank 
arm R was rotated by a speed reducer 
consisting of two worm and wheel com- 
binations; 10,000 revolutions of the 
motor produced one complete revolution 
of the crank arm. The rotary motion 
of the crank arm operated connecting 
rod B to develop a reciprocating motion 
of the weight, W. Adjustments for 
range of load and minimum load were 


(b) Notched specimens. 
Fic. 9.—Details of Fatigue Specimens: 
Norte: d = 0.12 in. for S.A.E. 1045 Steel and S.A.E. 2340 Steel, 


d = 0.15 in. for 75S-T Aluminum Alloy, and 
d = 0.11 in. for S.A.E. 4340 Steel. 


stress history of the type shown in Fig 
5 or 6). The amplitudes of stress pre 
duced in the extreme fibers of the spec 
men by the two different loads in a gives 
test will be referred to as the maj 
stress amplitude S, and the minor stre 
amplitude Sz. To produce this type ® 
stress history the original fatigue ™® 
chines were equipped as illustrated 
Fig. 4. In conducting a test, the desires 
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he cam C rotated through one complete 


evolution during each 10,000 revolutions 
{ the specimen; the cam follower, /, 
iternately applied or lifted the supple- 
mental load from the loading arm. 
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ninimum load was applied by the weight, -¢ 
W, and the maximum load was obtained 


by the addition of a predetermined 
weight of shot in a small container, L. 


different cam, C, that was designed to 
apply the supplementary load to the 
specimen during one-half of each evolu- 
tion of the cam. 

In order to be consistent, the majority 
of tests were initiated at the major stress 
amplitude (at P in Figs. 2, 5, and 6). 
However, some specimens of both 
notched and unnotched S.A.E. 4340 


7000 
60000K- 
1000 
40000 4{— 
30000 
| 
29000} 
| 
OOF} SRE 1045 STEEL | SAE 2340 STEEL 75S-T ALUMINUM ALLOY 
] (Specimen B5T) (Specimen N3-2T) (Specimen T4T) 
! | 
005 O10 O15 020 025 
00016 00032 00048 
005 O10 015 020 025 
00016 00032 00048 00064 
005 O10 O15 
STRAIN, in per inch te) 0004 0008 ool2 


Fic. 10.—Static Tensile Stress-Strain Curves for Metals Used in Tests. 
(Use lower strain scale for solid symbols which show lower portions of stress-strain curves.) 


It will be noted that the particular 
cam shown in Fig. 4 was designed to 
produce a two-load cycle of the type 
B (Fig. 6) in which the greater load was 
applied for 1000 out of each 10,000 
cycles; this loading cycle was repeated at 
the same two levels of stress amplitude 
until failure of the specimen occurred. 

The second two-load cycle of the type 
A (Fig. 5), in which the greater load was 
in effect for 5000 out of each 10,000 
eles, was produced by substituting a 


steel were started at the (lower) minor 

7 
stress amplitude (at Q in Figs. 2 and 
5) to determine whether interchanging 
the initial sequence of applying the 
major and minor stress amplitudes had | 
an effect on fatigue life. 


Experimental Results: 


The data from conventional fatigu 
tests employing a constant stress ampli- 
tude are shown for the various metals — 
in Figs. 11 to 15; S-N curves have been 
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Fic, 11.—S-N Curves for S.A.E. 4340 Steel. 
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Fic. 12.—S-N Curve for Unnotched Specimens of 75S-T Aluminum Alloy. 
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drawn in to represent an approximate original test points from which they 
average of the test points (solid circles), were obtained. 


Fic. 14.—S-N Curve for Unnotched Specimens of S.A.E. 2340 Steel. 


and in Figs. 12 and 14 the approximate It may be observed (Fig. 12) that 
scatter band” has been bounded by failure occurred in some specimens of 
curves. In subsequent figures these 75S-T aluminum alloy after many mil- 
same S-V curves and scatter bands have _ lions of repetitions of stress; that is, no 
been reproduced without showing the definite _ fatigue limit was exhibited. 
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Comparisons were therefore made on the ture at approximately 500,000,000 repe- 
basis of a fatigue strength, S,, for the titions of stress. To avoid delay in 
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Fic. 15.—S-N Curve for Notched Specimens of S.A.E. 2340 Steel. 


* Failures can be attributed to vibration of machine arising late in test from external sources. 
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Fic. 16.—Test Results for Unnotched Specimens of S.A.E. 4340 Steel Subjected to Fluctuating 
Cycles of Loading in Which the Minor Stress Amplitude was 78,000 psi. 


_75S-T alloy corresponding to the ampli- starting a program of experiments “ 
tude of stress that would produce frac- the 75S-T alloy with the type B loa 
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cycle, an approximate fatigue strength which was determined later from more 
5, = 24,000 psi. was estimated after a complete test data. 


Hil 
IS-N 2*S-N SYMBOL LOAD CYCLE BEGUN AT 
- 120000 ° 
w A Sa 
5 N \ A 4 B 7 Sa 
© Sq = 88,000 psi.x 
aN q Sq = 90,000 psi * 
N N 
100000 a ate 
N N 
= 

80000 

105 106 107 108 


TOTAL LIFE OF SPECIMEN IN CYCLES, N 


Fic. 17—Test Results for Unnotched Specimens of S.A.E. 4340 Steel Subjected to Fluctuating 
Cycles of Loading. 
*The minor stress amplitude was 60,000 psi. in all tests plotted above except those indicated otherwise in the legend. 
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Fic. 18.—Test Results for Unnotched Specimens of S.A.E. 4340 Steel Subjected to Load Cycle B. 


few initial tests. This estimated value Each of the steels tested exhibited a 
or the fatigue strength was used in se- definite fatigue limit, that is, a stress 
lecting levels of stress amplitude (S4 and _ below which no fatigue failure occurred. 
S,) rather than the value of 25,000 psi. The values of the original fatigue limit 


| | 


3104 105 | 
106 | 
107 
ing 
on 
yad 


660 
ff 


S. for the steels and for the fatigue 
strength S, of the aluminum alloy are 
shown in Table III. 
Some of the specimens tested at 
_ stresses near the fatigue strength did not 
fail after many millions of repetitions of 
stress; the test was therefore stopped and 
the specimen later retested. The total 
number of .cycles in the original test 
was plotted with a small arrow to the 
right to indicate that failure had not oc- 
curred. The original test thus consti- 
tuted a prestressing involving millions 
of cycles of a particular stress history 
after which the specimen was retested 
at a higher stress of constant amplitude. 
The life to failure at the final test 
stress is plotted by means of open circles 
TABLE II.—CONVENTIONAL FATIGUE 
STRENGTHS. 


Fatigue Strength, psi. 
Material 

Unnotched | Notched 

Specimens Specimens 
87 000 39 000 
75S-T aluminum alloy.......... 25 000% | 
49 500 18 500 
71 000 39 000 


tude (load cycle C) whereas for other 
specimens the previous stress history 
was of one of the fluctuating types 
(load cycles A, B, or G). These retest 
results were plotted on the correspond- 
ing S-N diagrams in order to facilitate 
comparison with the length of life of 
virgin specimens tested at the same 


* Based on 500,000,000 cycles of stress. 
in Figs 11 to 15. The previous stress 
history for some of these specimens in- 
volved only one constant stress ampli- 


_ stress amplitude. The complete stress 


history is presented in Table LV for all 
_ specimens that were retested; a detailed 
discussion of these data will be presented 
in a later section. 

The fatigue data for specimens sub- 


_ jected to fluctuating cycles of loading 


are plotted in Figs. 16 to 19 and Figs. 


- 21 to 26. The ordinate to each point in 
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these figures represents the magnitude 
of the major stress amplitude (S, in 
Figs. 2, 5, and 6) and the abscissa repre- 
sents the lolal life of the specimen (cycles 
of stress) accumulated at both the major 
and minor stress amplitudes. In some 
instances (Figs. 25 and 26) for which the 
fatigue life of two specimens subjected 
to the same loading cycle was practically 
identical, the point was marked “2” and 
the symbol plotted only once. The type 
of symbol used in plotting each point 
indicates the magnitude of the minor 
stress amplitude as shown in the legend 
accompanying each figure. In several of 
these diagrams which present data from 
all three types of load cycle, the symbols 
also indicate the type of stress history 
developed. The type A and type G load 
cycles were not utilized in the later tests 
(of S.A.E. 2340 steel or of 75S-T aluni- 
num); the data plotted in Figs. 23 to 26 
include results from load cycle B only. 

The ordinary S-N curves have been 
reproduced in Figs. 16 to 19 and Figs. 21 
to 26 to facilitate comparison with the 
fatigue properties obtained for similar 
specimens subjected to fluctuating cycles 
of loading. To the right of the S- 
curve (solid) in these figures is plotted a 
broken curve labeled “10 X S-N,”and 
another curve in several of these figures 
is lubeled “2 XK S-N.” These curves 
have the same shape as the S-.\ curve 
but are offset along the abscissa by factors 
of ten and two respectively. 

It will be recalled that for load cycle B 
(Fig. 6) only one tenth of the total num- 
ber of stress cycles were at the higher 
stress amplitude, S,. If it were assumed 
that repetitions of the minor stress am- 
plitude, S, had no damaging or strength: 
ening effect on the specimen, failure would 
be expected to occur at a /otal life repre- 
sented by the curve 10 X S-N (corte- 
sponding to the condition for which ~ 
cumulative number of stress cycles 4 
only the major stress reached the ordinary 
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TABLE IV.—FATIGUE STRESS HISTORY FOR SPECIAL RETESTS. 
| Prestress History Retest Data 
Cycle” | S4, Psi. | S,, psi. | Total Life, cycles Rest, days S, oa Life at S Cycles 
ine NotcueD SPECIMENS OF S.A.E. 4340 STEEL 
36 000 22 848 000 | 10 66 000 | 41000 
Cc 36 500 18 218 000 | 20 55 000 92 000 
ME caigeees A 43 000 35 000 49 854 000 | 21 50 000 353 000 
: UNNOTCHED SPECIMENS OF S.A.E. 4340 STEEL 
De gecresaatoo Cc 77 690 44 502 000 24 127 000 30 000 
Cc 92 000 39 361 000 37 110 000 111 000 
RSE | Cc 86 500 27 299 000 158 100 000 240 000 
MN cay ore B 94 000 | 60 000 69 286 000 3 | 108 000 132 000 
ee B 96 000 78 009 90 000 000 1 | 105 000 188 000 
BEE, cc isecexes A 89 000 78 000 78 019 000 1 hr. 4 min. | 120 000 38 000 
- i. G 96 000 78 090 104 311 000 13 | 120 000 68 000 
| G 91 000 78 000 90 022 009 2 hr. 23 min. 100 000 631 000 
. a B 96 000 | 78 000 80 000 000 2 min. 95 000 52 974 000° 
Second Retest 0 100 000 985 000° 
rere oo G 96 000 60 000 | 137 925 000 20 100 000 101 900 000° 
1 Second Retest 2 hr. 50 min. 110 000 110 000° 
RE apisvons B 96 000 60 000 | 88 620 000 19 min. 98 000 | 111 394 000° 
¢ Seccnd Retest 0 100 000 32 314 000°° 
: Third Retest 0 105 000 3 869 0007 
Notcuep Specimens OF S.A.E, 1045 STEEL 
| | 18 000 | 60 000 000 | 14 50 000 52 000 
: ee a 16 000 33 631 000 19 30 000 339 000 
\- Bc cckaass Bp | 25900 | 14 800 90 000 000 1 hr. 13 min. 23 000 29 368 000 
( | eee A 25.900 | 14 800 82 545 000 2 40 000 137 000 
6 ON an A 22 200 14 800 65 179 000 8 26 000 2 972 000 
* ee | G 22 000 14 500 133 359 000 2 hr. 43 min. 60 000 12 
<p G | 33 300%) 14 800 1804 000 | 15 000 50 000 000" 
en | | Second Retest 3 hr. 22 min. 34 000 605 000° 
21 UNNOTCHED SPECIMENS OF S.A E. 1045 STEEL 
he BM... | ¢ | 45 400 138 469 000 1 65 000 74 000 
lar eS coc, C 48 000 51 580 000 14 60 000 178 000 
|) ARR c 49 000 63 624 000 10 55 000 | 2 536 000 
‘les | eet Cc | 46000 85 501 000 14 54 000 1 282 000/ 
Vv DR occavacascl B 51 500 45 000 | 77 413 000 0 55 000 | 1 790 000 
da NortcHep SPECIMENS OF S.A.E. 2340 STEEL 
and | oer B 40 000 | 31 000 100 164 000 63 70 000 16 000 
res N 55.. Cc 35 000 71 621 000 41 min, 60 000 38 000 
u | re 39 000 | 75 600 000 1 hr. 7 min. 45 000 1 031 000 
rves NS3..........- | € | 38 000 | 85 344 000 5 min. 43 000 705 000 
urve Unnotcnep SPECIMENS OF S.A.E. 2340 STEEL 
= N 98... | ¢ | 72000 | 69 672 000 27 99 400 32 000 
N 65... C | 74 700 | 86 245 000 31 92 300 36 000 
' oo Cc 71 000 42 325 000 27 85 200 132 000 
cle B N 125...... C 70 000 99-766 000 16 78 000 162 000 
165... B 78 000 | 71.000 | 84 812 000 8 92 300 42 000 
B 79 000 71 000 | 70011000 | 7 hr. 33 min. 80 000 154 000 
‘cher 173 B 76 000 +| 56 800 43 151 000 5 hr. 23 min. 75 000 61 728 000° 
Ig s% Second Retest 1 | 78 000 168 000° 
med ’ ~ ala B 78 000 71 000 30 480 000 19 | 78 000 1 121 000 
\ 126. B 78 000 71 0009 | 45 752 000 36 75 000 1 911 000 
ngth- ——= UNNOTCHED SPECIMENS OF 75S-T ALUMINUM ALLOY 
would 5 1 € 22 500 | | 4 291 995 000 260 50 000 126 000 
ribsetety Cc 26 000 | 525 928 0v0 254 27 500 | 107 529 000 
Shown in Figs. 2, 3, 5, and 6. 
rl r ne not fail at test stress. Retested at still higher level. 
ae after failure did not occur in previous tests. 
ae broke down damaging spec imen which had not failed at this life. — 
! Rec Ing changed at unknown time to load of at least 14,000 psi. 
a ceived slight plastic bend while being removed from machine after original test. 
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Fic. 19.—Test Results for Notched Specimens of S.A.E. 4340 Steel Subjected to Fluctuating Cycles 


of Loading. 


*The minor stress amplitude was 35,000 psi. in all tests plotted above except those indicated otherwise in the legend 
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Fic. 20.—Frequency Distribution for Stressés Produced by Load Cycle G. 
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S-N curve). Similarly, if repetitions of As an illustrative example of the 
the minor stress amplitude had no method of plotting these data, the point 
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Fic. 21.—Test Results for Notched Specimens of S.A.E. 1045 Steel Subjected to Fluctuating Cycles 
of Loading. 
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Fic. 22.—Test Results for Unnotched Specimens of S.A.E. 1045 Steel Subjected to Fluctuating 


* Fail Cycles of Loading. 
ailures can be attributed to vibration of machine arising late in test from external sources. 


damaging or beneficial effect, the total P in Fig. 16 represents a specimen whose 
fatigue life obtained in tests using load folal fatigue life was 314,000 cycles. As 
cycle A should fall along the curve indicated in the legend, this solid circular 
2X S.N. symbol indicates that the stress history 
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(type A) consisted of 5000 reversed cy- 
cles at S, = 100,000 psi., followed by 
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conducted at constant stress 
(S4 = Sa = 100,000 psi.) the conven- 


amplitude 
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Fic. 23.—Test Results for Unnotched Specimens of S.A.E. 1045 Steel Subjected to Load Cycle B. 


10 
TOTAL LIFE OF SPECIMEN IN CYCLES,N 


90000 

2 80000 — Symbol _— Minor Stress Amplitude Sq 

--l0xS-N psi. %Se 

WW 

8 

sxi0> 104 106 107 i0 


Fic. 24.—Test Results for Notched Specimens of $.A.E. 2340 Steel Subjected to Load Cycle B. 


5000 reversed cycles at Sg = 
psi.; this loading cycle was repeated until 
- fracture occurred. If this test had been 
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78,000 


However, b 


tional S-N curve indicates that the total 
fatigue life should have been approx 
mately 400,000 cycles. 


| 


of the stress repetitions in the test repre- 
sented by point P actually had ampli- 
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the fotal fatigue life should have been 
twice as great as that obtained for the 
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25.—Test Results for Unnotched Specimens of S.A.E. 2340 Steel Subjected to Load Cycle B 
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Fig. 26.—Test Results for Unnotched Specimens of 75S-T Aluminum Alloy Subjected to Load 
Cycle B. 
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tudes less than the endurance limit and _ S-N curve, or about 800,000 cycles, for a 
thus might be assumed to produce no stress amplitude of 100,000 psi. 
damage. If this assumption were valid, In Figs. 25 and 26 two dotted curves 


7 
a 
total 
ball 


are sketched in to represent the normal 
scatter bands of Figs. 12 and 14, but off- 
set to the right by factors of ten for use 
with the 10 * S-N curve. Because of 
the statistical nature of fatigue life, these 
regions of normal scatter are useful for 
comparison with the results of the fluctu- 
ating load tests. 


DISCUSSION OF RESULTS 


Because of the large number of vari- 
ables involved, the discussion of results 
has been sub-divided into several por- 
tions, each of which deals with the effects 
observed by altering a limited set of test 
conditions. The inherent scatter in fa- 
tigue life normally observed for like 
specimens under the same test conditions 
made it desirable to make duplicate tests 
‘to obtain consistent trends from the 
alteration of any single variable. With 
the limited supply of specimens available 
= was not possible in the preliminary 
tests on S.A.E. 4340 steel but was at- 

- tempted in the tests of the other three 
‘metals. 

The discussion is intended mainly to 
make comparisons of the effects on fa- 
in life produced by several different 
types of stress history, but it has been 
ie in some instances to restrict 
— the comments further to individual types 
of specimens or materials in those in- 
stances where generalizations of the 
_ behavior pattern did not seem obvious 
or warranted. The tentative results of 
the preliminary tests will first be dis- 
cussed and will be followed by detailed 
analyses of the effects observed for load 
cycle B; a later section discusses certain 
observations of the effects noted for 
_ specimens retested after being subjected 
to various random stress histories. The 
final sections summarize briefly the re- 
‘sults for the several materials and com- 


pare some of the results with the work of 
previous investigators. 


Interchanging Initial Sequence of A pply. 
ing the Major And Minor Stress Ampli- 
tudes: 


In the data plotted in Figs. 16 and 17, 
certain differences in the life of specimens 
were observed when the stress history was 
begun at the minor stress amplitude 
rather than at the major stress amplitude 
(that is, the total number of cycles to 
failure was altered by starting the loading 
cycle at Q rather than at P in Figs. 2 and 
5). The square symbols (Figs. 16 and 
17) represent tests in which the minor 
stress amplitude was applied first, and 
the round symbols represent tests begun 
at the major stress amplitude. 

At each level of major stress amplitude 
for which both sequences were employed 
the solid square symbols (with two excep- 
tions) fell definitely to the right of the 
solid round symbols. Thus, when 5000 
repetitions of the minor stress amplitude 
were applied before the first 5000 appli- 
cations of the major stress amplitude 
longer life generally resulted. This in- 
crease in fatigue life was fairly definite 
when the major stress amplitude was 
either high or low (less than 10 per cent 
above the endurance limit) but the trend 
was not entirely convincing for inter- 
mediate values of the maior stress ampli- 
tude (Fig. 16). A tendency for results 
to be somewhat different for these three 
general regions of the major stress ampli- 
tude (low, medium, and high) has been 
noticed also in other tests to be discussed 
in the following pages. Since the lower 
stress amplitudes were below the fatigue 
limit in all the tests for which these com- 
parisons were made, the initial 5000 
cycles of amplitude S, represented an 
indeterminately small cycle ratio. The 
first 5000 cycles of the major stress am- 
plitude was equivalent to a cycle ratio 
varying from about 10 per cent (when the 
major stress amplitude was at the top 
level of stresses on the S-N curve) t0 
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about 4 of 1 per cent for stresses just 
above the fatigue limit. 

Similar comparisons for load cycle G 
may be made in Figs. 16, 17, and 19, but 
the fatigue lives (represented by the open 
circles and open squares) did not fall in 
any definite pattern relative to each 
other. Thus, there was no consistent 
trend (either toward longer or toward 
shorter fatigue life) in cases for which 
load cycle G was initiated at the minor 
stress amplitude as compared with tests 
begun at the major stress amplitude. 
The approximate cycle ratio for the first 
group of peak stresses’ was less than 5 
per cent in any of the tests discussed here. 
Hence, one might expect that the damag- 
ing effect of the first group of peak stress 
cycles would be less noticeable than for 
stress histories such as load cycle A in 
which a larger cycle ratio was applied in 
the first group of peak stresses. 

For load cycle B all tests were begun 
at the major stress amplitude, and no 
comparisons were made of the possible 
alteration in fatigue life that might be 
produced by starting the loading sequence 
at the minor stress amplitude. 


Load Cycles A and G: 

In general, load cycle G gave approxi- 
mately the same fatigue life as load cycle 
Ain tests using the same values of major 
and minor stress amplitudes. The re- 
sults plotted in Figs. 16, 17, and 19 indi- 
cated similar behavior; for any given 
major and minor stress amplitudes the 
scatter and approximate mean values of 
fatigue life produced by load cycle G were 
comparable with the scatter and mean 
Values of life produced by load cycle A. 
This inference that the gradually varying 
load cycle was as damaging to the speci- 


‘ . . 
oath ‘cycle ratio” is expressed in per cent of the ex- 
G the Jife on S-N curve at stress Sa. For load cycle 
rho PB a stresses have been arbitrarily selected as 
point amplitude greater than that represented 
section. in Fig. 20 as will be explained in the next 
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fatigue limit. For load cycle A t 
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men as the type A loading indicates that 
the small proportion of high stresses in 
the stress history G enabled damage to 
continue to be produced at the lower 
stresses. 

In Fig. 20 (a) the stress amplitude in 
load cycle G was assumed to vary as a 
cosine curve with a period of 10,000 stress 
cycles. This representation is equiva- 
lent to converting the stress amplitudes 
to relative values on a scale in which S, 
is represented by 0 and S, is 100. By 
dividing the difference between the maxi- 
mum and minimum stress into ten parts 
and determining the per cent of the load 
cycle during which each bracket of stress 
was effective, the distribution of Fig. 206 
was determined. The total number of 
cycles for which the stress was between 
9) and 100 (peak stresses) corresponds 
to 2060 stress cycles or 20.6 per cent of 
the loading cycle. Similarly, the rela- 
tive stress amplitude was between 80 and 
90 for 890 stress cycles or 8.9 per cent of 
the loading cycle, etc. 

This type of stress history differs mark- 
edly from the curve CDEF in Fig. 206 
which shows graphically the number of 
stress cycles applied at each level of stress 
amplitude in load cycle A ;consequently it 
is surprising that fairly close agreement 
was obtained for number of cycles to 
fracture for these two different loading 
cycles. For load cycles A and G thein- 
fluence of the minor stress amplitude on 
fatigue life was judged by comparing the 
cumulative life at the major stress ampli- 
tude with the corresponding life as repre- 
sented by the ordinary S-N curve by use 
of the 2 X S-N curves. 

It will be observed in Figs. 16 and 17 
that for unnotched specimens of S.A.E. 
4340 steel subjected to load cycles A or 
G, the points representing the total life 
fell short of the 2 & S-N curve for all 
values of the major stress amplitude that 
were more than 10 per cent above the 
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evidence that a certain degree of damage 
was developed at minor stress amplitudes 
of 78,000 psi. and 60,000 psi.; both these 
levels were definitely below the original 
fatigue limit and normally would not be 
expected to affect the fatigue life. 
Notched specimens of $.A.E. 4340 steel 
(Fig. 19) exhibited considerable variation 
in fatigue life when the major stress am- 
plitude was low; in general, the total life 


fell in the region of the curve 2 K S-N’ 


for both loadings A and G. Thus, no 
pronounced damaging or healing effect 
was produced by repetitions of the minor 
stress (understressing). ‘The major stress 
amplitude apparently controlled the life 
of the notched specimens; failure oc- 
curred when the cumulative number of 
cycles of only S, reached the S-N curve. 
This observation agrees with the first of 
Stickley’s conclusions (7) that: 


“For tests (of 25S-T aluminum alloy) in 
which the greater number of cycles was at a 
stress below the endurahce limit, the num- 
ber of cycles applied at this stress apparently 
had no effect upon the fatigue life at the 
higher stress.” 


The study of notched specimens of 
S.A.E. 1045 steel subjected to fluctuating 
load cycles (plotted in Fig. 21) indicated 
that the fatigue limit was raised by the 
intermittent repetitions of a minor 
stress (S, = 14,800 psi.) 20 per cent 
below the original fatigue limit. In 
determination of the original S-N curve 
there was very little scatter (Fig. 13); 
both the knee and horizontal portion of 
the curve (the fatigue limit) were quite 
definite. It seemed significant there- 
fore that fracture did not develop in 
specimens subjected to loadings A or 
G with a major stress amplitude of 
22,200 psi. Furthermore, with the 
major stress amplitude raised to 25,900 
psi. (40 per cent above the original 
fatigue limit) a single specimen sub- 
jected to load cycle A withstood over 


however, even for load cycle A there 


80 million repetitions of stress without 
failure. 

Failure was produced, however, by 
load cycle G when the major stress 
amplitude was raised to 25,900 psi, 
(Fig. 21). Although this type of loading 
developed fewer repetitions of the maxi- 
mum stress, so also were there fewer 
repetitions at the minimum level; in 
this instance, the amplitude of about 
two thirds of the stress cycles was above 
the ordinary fatigue limit. 

A greater number of specimens were 
prepared for later tests, making possible 
somewhat more complete studies of 
S.A.E. 1045 steel. The data plotted in 
Fig. 22 for unnotched specimens provide 
comparisons of the relative total fatigue 
life resulting from each type of load 
cycle. Here again the average fatigue 
life for specimens subjected to load 
cycle G (represented by open circles) 
was approximately equal to (or fell 
within the same scatter band) as the 
data represented by the solid circles 
for load cycle A. 

Thus, based on the frequency dis- 
tribution of Fig. 20, the applications 
of lower levels of stress during 80 per 
cent of the load cycle combined with 
2000 repetitions of the peak stress re- 
sulted in the same rate of damage as 
5000 cycle groups of the same peak 
stress intermittently applied in load 
cycle A. Evaluating the effect of each 
level of stress in load cycle G (especially 
for those stresses below the fatigue 
limit) is made difficult by the gradual 
nature of the variation. Essentially 
there are at least 5000 different ampli- 
tudes of stress that may be visualized 
as having been applied during one load- 
ing cycle; this leads to uncertainties 
determining which stress levels are of 
primary importance in controlling the 
fatigue life. These uncertainties wert | 
not so pronounced with loading A; ! 


was some doubt.as to whether the data 
in Fig. 22 could adequately be inter- 
preted as following the 2 X S-N curve, 
since some of the points fell close to 


theordinary S-N curve. 
Load Cycle B: 


Early in the experimental program, it 
was found that load cycle B tended to 
accentuate the effect of the lower fre- 
quency of peak stresses in influencing 
the somewhat longer fatigue life. 
Hence, the majority of tests employed 
this type of loading in which 10 per cent 
of the stress cycles were applied at a 
high stress (major stress amplitude) and 
%) per cent of the cycles were applied at 
a lower stress (minor stress amplitude). 
In order to minimize the confusion 
arising from the many variables in- 
volved, the following discussion has 
been divided into sub-sections in ac- 
cordance with the kind of material and 
type of specimen considered. 

(a) S.A.E. 4340 Steel.—For unnotched 
specimens of S.A.E. 4340 steel, two 
levels of the minor stress amplitude were 
chosen (78,000 psi. and 69,000 psi.), 
and the results obtained are plotted in 
Figs. 16 and 17, but for direct compari- 
son the data from the two sets of tests 
in which only load cycle B was employed 
are replotted in Fig. 18. The curve 
marked S, = 78,000 psi. was drawn as 
an approximate average through the 
solid points for tests in which the minor 
stress amplitude was 78,000 psi. The 
corresponding average curve for S, = 
0,000 psi. was found to be similar in 
shape, but in general the total fatigue 
life represented for all levels of the 
major stress amplitude above 96,000 
PS! was slightly more than twice the 


life indicated by the curve for Sg = 
(8,000 psi. 
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96,000 psi., or 10 per cent higher than 
the fatigue limit for virgin specimens; 
(b) damage done by repetitions of the 
minor stress amplitude (as judged by 
the reduction of fatigue life at the major 
stress amplitude) was greatest when the 
major stress amplitude was about 
100,000 psi., that is, just above the new 
fatigue limit; (c) the relative damaging 
effect, produced by the minor stress 
amplitude (either 78,000 psi. or 60,000 
psi.), was progressively smaller for in- 
creasing values of the major stress 
amplitude. The damage due to repeti- 
tions of stress S, = 60,000 psi. was 
reduced to zero at S, = 115,000 psi.; 
for higher levels of the major stress 
longer life was achieved than would 
have been expected. Similarly, the 
curves marked 10 X S-N and S, = 
78,000 psi., if extrapolated would inter- 
sect at S, = 129,000 psi. It might thus 
be expected that zero damage would 
result from repetitions of the minor 
stress of 78,000 psi. when S,4 was ap- 
proximately 129,000 psi. (‘negative 
damage” or strengthening might appear 
for S, greater than 129,000 psi.). 

In spite of the normal scatter in 
fatigue life plotted in Fig. 18 the evidence 
seems quite definite that a damaging 
effect (a reduction of fatigue life) did 
résult from the repetitions of an “under- 
stress” (S,) below the fatigue limit. 
Longer fatigue life of unnotched speci- 
mens resulted when S, was reduced from 
78,090 to 60,000 psi. 

The total life of notched specimens of 
S.A.E. 4340 steel subjected to load cycle 
B fell along the 10 K S-N curve in 
Fig. 19 indicating that (as in the case 
of the load cycle A) the repetitions of 
the minor stress amplitude had no 
effect (failure occurred when the cumula- 
tive number of cycles at only the major 
stress reached the S-N curve). Con- 
trary to the behavior noted for un- 
notched specimens, no pronounced in- 
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in tests of notched specimens of S.A.E. 
steel. 
Unnotched Specimens of S.A.E. 
1045 Steel.—As indicated in the legend 
of Fig. 23, five groups of wunnotched 
specimens of S.A.E. 1045 steel were 
- tested, each with a different value of 
minor stress amplitude in load cycle B. 
_An average curve for each group was 
sketched through the points plotted at 
the levels of major stress amplitude 
areal. In this diagram it was 
noted that three tendencies were ex- 
hibited by the curve for S, = 45,000 
_psi., namely, an increase of about 
 § per cent in the fatigue limit; (6) pro- 
nounced damage (decreased fatigue life) 
for major stress amplitude between 
53,000 and 68,000 psi.; (c) a slight 
_ (perhaps insignificant as compared with 
the 10 X S-N curve) lengthening of life 
for S, greater than 70,000 psi. As 
‘ judged by comparison of the fatigue 
life with the 10 X S-N curve the relative 
amount of damage done by repetitions 
of the minor stress was greatest when 
‘ the major stress was about 58,000 psi. 
and was decreased for successively 
higher values of the major stress; 
“negligible damage” or even slightly 
increased fatigue life resulted when the 
major stress amplitude was raised above 
— 68,000 psi. It may also be seen that 
for a minor stress amplitude of 50,000 
psi. (at or barely above the original 
- fatigue limit) the fatigue life obtained 
was in general decreased to about three 
fourths the life obtained for a minor 
stress amplitude of 45,000 psi. How- 
_ ever, the two curves representing average 
— life for Sa = 50,000 psi. and Sa =45,000 
_ psi. had the same general characteristics. 
For minor stress amplitudes of 55,000 
_ psi. or 60,000 psi., the total fatigue life 
was a function of the magnitudes of 
both the major and minor stress ampli- 
tudes, S, and S,. Higher values of S4 


ints in the fatigue limit was noted 
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reduced the fatigue life; similarly the 
fatigue life was shorter when S, was 
increased from 55,000 psi. to 60,000 
psi. Failure occurred before the cumula- 
tive number of cycles at either the major 
or the minor stress amplitudes reached 
the S-N curve. 

A surprisingly long fatigue life was 
observed in Fig. 23 with the minor stress 
amplitude 65,000 psi. When alternated 
with major stress amplitudes up to 
75,000 psi. the total life was comparable 
with the abscissa to the S-N curve for 
a stress of only 65,000 psi. (that is, the 
fatigue life was as long as if all stresses 
had been applied at only 65,000 psi.) 
However, this observation may not be 
considered significant since it is based 
on tests of only a few specimens. 

(c) Notched Specimens of S.A.E. 2340 
Steel.—As shown in Fig. 24, repetitions 
of a minor stress below the fatigue limit 
did not have an apparent effect on the 
fatigue life of motched specimens of 
S.A.E. 2340 steel subjected to load cycle 
B. The data (represented by square 
symbols) fell along the 10 X S-N curve; 
hence, the cumulative number of cycles 
of the major stress should have been 
sufficient to cause failure alone. There 
was some indication of a slight increase 
in fatigue limit, but it was considered 
to be insignificant. 

The average curves in Fig. 24 indicate 
that for minor stresses at or above the 
fatigue limit (39,000 psi.) the total 
fatigue life was influenced by the magnl- 
tudes of both S, and S,. The fatigue 
life for Sa = 43,000 psi. was shorter 
than for Sz = 39,000 psi. For either 
of these values of the minor stress ampli 
tude, the total fatigue life was gradually 
decreased as the value of the major stress 
amplitude was successively increased. 

(d) Unnotched Specimens of SAE. 
2340 Steel—In Fig. 25 it may be ob 
served that when the minor stress ampli 
tude, Sz, was at or below the fatigue 


nim 
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limit of 71,000 psi. an indefinitely large 
number of applications of stresses up to 
78,000 psi. (as S4 in load cycle B) could 
be withstood without failure occurring. 
This was equivalent to raising the fatigue 
limit about 7000 psi. or 10 per cent. A 
healing effect must have been developed 
by each 9000 repetitions of minor stress 
to compensate for the damage done by 
each 1000 applications of major stress 
somewhat higher than the original fa- 
tigue limit. 

In contrast with this behavior the 
healing produced by intermittent under- 
stressing was not sufficient to offset 
the damage produced by major stress 
amplitudes greater than 79,000 psi.; 
failure occurred at these higher values 
of S, corresponding to a total fatigue 
life approximately equal to ten times 
the life represented by the S-N curve 
at that stress. That is, the plotted 
points generally fell within the scatter 
band for the ordinary S-N curve which 
is represented in Fig. 25 by the dotted 
curves on either side of the 10 X S-N 
curve, 

For the three groups of tests in which 
the minor stress amplitude was 71,000 
psi. or less, the fatigue lives overlap 
with little definite order. From these 
observations it would appear that the 
major stress amplitude determined com- 
pletely the total fatigue life in the type 
B loading cycle when the major stress 
Was greater than 80,000 psi.; that is, 
failure occurred in the unnotched speci- 
mens of S.A.E. 2340 steel when the 
cumulative number of cycles of only S4 
reached the S-N curve and no significant 
change in fatigue life occurred when 
the minor stress amplitude was varied 
over this range of values of understress. 

In the groups of experiments for 


* There was a sli er 
? : ght tendency for the life with Sa = 
} psi. to fall to the left of those points obtained from 
| W0 groups tested with Sa = 63,000 psi. or Sq = 56,800 


On Faticur or METALS 671 


which the minor stress amplitude S, was 
above the fatigue limit, the fatigue life 
could not be readily predicted from 
knowledge of the ordinary S-N curve. 
Figure 25 shows that for S, = 78,000 
psi. the average life of unnotched speci- 
mens of S.A.E. 2340 steel with a major 
stress amplitude of 85,200 psi. was ap- 
proximately 480,000 cycles; this life 
was greater than the normal number of 
cycles to the S-N curve at a stress ampli- 
tude of only 78,000 psi. With S, raised 
to 85,200 psi. the total life to failure 
was approximately 110,000 stress cycles 
whether the stress amplitude was con- 
stant at 85,200 psi. or alternated in load 
cycle B between 85,200 psi. and a major 
stress as high as 99,400 psi. Similarly, 
for Sa = 92,300 psi., the fatigue life was 
at least 38,000 cycles for S, at any 
level from 92,300 psi. to 106,500 psi. 
(more than 15 per cent above). Thus, 
even though 10 per cent of the cycles 
were applied at higher values of stress, 
the life in these tests was at least as 
long as though all repetitions of stress 
were at the level of the lower stress 
amplitude. 

Minor stress amplitudes above the 
fatigue limit would be expected to have 
a pronounced damaging effect since 
sufficient repetitions at any one such 
level of overstress would cause failure 
The results shown in Fig. 25 indicatec 
this to be true except, as noted above 
for those cases in which the difference 
between the major and minor stress 
amplitudes was only 10 or 15 per cent. 

(e) Unnotched Specimens of 75S-T 
Aluminum Alloy.—Applications of a 
very low minor stress amplitude in load 
cycle B increased the relative life of un- 
notched specimens of 75S-T aluminum 
alloy for all levels of major stress ampli- 
tude. For example, in Fig. 26 the points 
representing fatigue life for S. = 5880 
psi. fell to the right of the 10 X S-N 
curve. Thus, these specimens with- 


e 
it : 
ne 
of 
cle 7 
ure 
ye; | 
les 
pen 
ere 
“ase 
red 
cate 
the 
otal 
orter 
ither 
mpli- 
ually 
stress 
d. 
ALE. 
ampli | 
atigue | 


672 
stood more applications of the higher 
stress amplitude than normal when 1000 
cycle blocks of the major stress were 
alternated with 9000 cycle repetitions 
of the low amplitude stress. Since the 

75S-T aluminum alloy did not have a 

definite fatigue limil, it is sometimes 
though that even such low values of 
stress might cause fatigue damage if 

“repeated a sufficient number of times. 

“There was no indication in Fig. 26 of a 

- decrease in fatigue life caused by low 

levels of minor stress amplitude, 24,000 
psi. or below. The trend apparently 
is in the other direction since a sub- 
stantial majority of points plotted for 
minor stress amplitudes of 24,000 psi. 

or 18,000 psi. also fell to the right of the 

a 10 X S-N curve, either within or slightly 
beyond the normal scatter band for 
the ordinary S-N curve which is outlined 
by dotted lines. 

_ The low stress amplitude of 5880 psi. 
was only 25 per cent of the fatigue 
strength based on 5 X 10° cycles, and 
therefore might be considered to ap- 
_ proach a condition of rest. Although 
early investigators (15) discounted the 
possibility of recovery from fatigue 

damage by rest periods, some relaxation 

of damage produced by the repetitions 

‘a high stress may have been achieved 

- (16) during the repetitions of low ampli- 

tude minor stress. 

Higher levels of stress have a greater 
capacity for cold working the metal than 
do lower stress levels; hence, if the in- 
creased life were due to cold working 
produced during the applications of the 
lower stress one would expect a greater 
increase in life when the minor stress 
amplitude was raised to values near 
the fatigue strength. However, this 


was not the case; the data in Fig. 26 
_ indicated that the fatigue life was in 
general decreased slightly by raising 


. _ the level of the minor stress amplitude 
5880 psi. to 18,000 psi. or or 24,000 
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psi. The rather abrupt flattening of 
of the static stress-strain curve for 
loads above the yield strength (Fig. 
10) was an indication that for this 
aluminum alloy the range of strain- 
strengthening by plastic deformation 
was rather narrow. The true “fracture 
stress,” found by dividing the load at 
rupture by the actual reduced area, 
was only about 117,000 psi. Thus, the 
relatively narrow range of possible 
strengthening by plastic action may 
have limited the extent to which cold 
working influenced the fatigue strength. 

It may also be observed in Fig. 26 
that repetitions of a minor stress of 
30,000 psi. had no appreciable effect on 
the total fatigue life for values of major 
stress greater than 40,000 psi. since the 
total life corresponded with the 10 X 
S-N curve. In contrast to this be- 
havior, however, as the difference be- 
tween major and minor stress amplitudes 
was decreased, both stress levels had a 
damaging influence on the fatigue life 

For values of minor stress amplitude 
of 36,000 or 42,000 psi., the average 
curves indicated the following charac- 
teristics: (a) For levels of major stress 
amplitude only moderately above the 
minor stress amplitude (10 to 20 per 
cent above S,) the total life was as long 
or longer than that represented by the 
S-N curve for a stress as low as the 
minor stress amplitude; (6) When the 
difference between the two levels of 
stress amplitude was greater than these 
limits, the fatigue life was dependent 
upon both S, and $4; a shorter lite was 
obtained by increasing the magnitude 
of either the major or the minor stress 
amplitude. 


Fatigue Life After Previous Stress History: 


The open circles plotted in Figs. 11 to 
15 represent the fatigue life in a retest 


for specimcns that had not failed in 4 
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previous fatigue test. The effect of the 
previous stress history may be judged 
by comparing the fatigue life in the 
retest (employing repeated stress of 
constant amplitude) with the normal 
life of virgin specimens as represented 
by the ordinary S-N curve and scatter 
band. The behavior in the retest ap- 
parently depended on the magnitude of 
the retest stress. When the retest 
stress was high relative to the fatigue 
limit for virgin specimens, the retest 
life seemed to be equal to the expected 
life for virgin specimens subjected to the 


4 
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it will be noted that their previous 
stressing differed in type of loading, 
amplitudes. of stress, and number of 


cycles or prestress applied. 


It can 


be seen from the data for unnotched 
specimens of S.A.E. 4340 steel in Fig. 11 
that for retest stresses higher than 
100,000 psi. (more than 15 per cent 
above the fatigue limit) all points fell 
within the normal scatter band on both 
sides of the S-N curve, whereas for 
retest stresses below 100,000 psi. no 
specimen with a previous stress history 
failed. At 100,000 psi. there was a wide 


TABLE V.—FATIGUE LIMITS AS INFLUENCED BY STRESS HISTORY. 


1340) 1045 Steel S.A.E. 2340 Steel 
Unnotched | Notched | Unnotched Notched Unnotched 
Virgin material, Fatigue limit (Se), psi...| 87 000 18 500 49 500 39 000 71000 
Load cycle B 
Fatigue limit, psi.® ............22.000: 96 000 26 000 54 000 42 000 40 000° 78 000 
Increase over S,, per cent............. 10 40 9 8 3 10 
Load cycle A 
87 26 000 54 000 
Increase over Se, per cent............. 0 40 9 
After miscellaneous prestressing, 
Fatigue limit, psi. PE 100 000 23 000 53 0004 42 000% 75 0004 
Increase over Se, per cent............. 15 24 7 8 6 


* The fatigue limit for a fluctuating load cycle is listed as the maximum value of major stress amplitude that did not 
produce failure after 10 million cycles when alternated with minor stresses of lower value. 


Estimated for Sa = 39,000 psi. 

© For Se = 31,000 nsi 

Estimated by extrapolation. 
same cyclic stress. On the other hand, 
when the retest stress was within 10 or 
2) per cent of the fatigue limit, the retest 
life seemed to be considerably longer 
than the normal life of virgin specimens. 

In order to distinguish between the 
types of stress history for the retest 
points plotted in Fig. 11, the letters A, 
B,C, and G have been inserted to indi- 
cate the types of loading cycle employed 
prior to the retest. Two or more 


letters have been used in some instances 
‘0 indicate the sequence of loadings 
employed on a specimen that did not 
lail in two or more previous tests. From 
the complete prestress histories for 
these specimens as listed in Table I 


scatter in life with failures occurring 
at as few as 240,000 cycles, while other 
specimens withstood 30 to 100 million 
repetitions of stress without failure. 

This stress of 100,000 psi. thus con- 
stituted a type of “fatigue limit” for 
specimens with a previous stress history 
which, after many millions of cycles in 


the retest, did not fracture. 


This “re- 


test fatigue limit” was 15 per cent 
higher than the fatigue limit of 87,000 


psi. for virgin specimens. 


One speci- 


men (W 67, Table IV) was subjected 
to three successively higher stages of 
prestressing and exhibited considerable 
strengthening as a result of this “coax- 


ing” process. At the conclusion of the 
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specimen during the third retest at a 
stress of 105,000 psi. (20 per cent above 


the fatigue limit). It had already with- 


stood 3,869,000 repetitions of stress, or 
17 times the fatigue life expected for 
virgin specimens subjected to the same 
stress. 

Although the magnitudes of the ap- 
parent new fatigue limits resulting from 
a previous stress history were not defi- 
nitely established for the different steels 
tested, there were indications that if 
slightly lower retest stresses had been 
chosen an indefinitely long fatigue life 
would have resulted at stresses above 
the virgin fatigue limit. Similarly, it 
was pointed out in the preceding dis- 
cussion of fluctuating load cycles that 
an apparent increase in fatigue limit 
was obtained under certain conditions 
for tests with load cycles A and B. 
Rough approximation of the apparent 
raised fatigue limits obtained after 
miscellaneous types of prestressing or 
obtained in tests employing load cycles 
A and B have been listed in Table V 
for comparison with the fatigue limits 
of virgin specimens of the same steels. 
Some of the values in Table V represent 
estimates obtained by extrapolating the 
trends appearing in the data available. 
These approximate values seem con- 
sistent with the other results but should 
be regarded only as estimates which 
may not be completely reliable. 


Comparison With Previous Work: 


Previous investigators (4, 5. 6, 17, 18) 
have found that the fatigue limit of a 
ferrous metal apparently is not a fixed 
quantity but can be either increased or 
decreased by a previous stress history. 
In the present tests, the periodic ap- 
plications of an overstress, S,, in a given 
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test there was no evidence of fatigue 
_ damage to the specimen when a bearing 
failure in the testing machine bent the 


test may likewise have progressively 
reduced the fatigue limit; hence, in the 
latter stages of some of the tests, levels 
of stress, Sa, below the original fatigue 
limit, probably represented actual over. 
stresses. 

Bennett (5), Kommers (4), and Lea 
(18) also showed that an increase jn 
fatigue limit resulted from certain types 
of understressing produced by subject- 
ing specimens to one extended period 
of prestressing. There were indications 
in the present tests that similar results 
were obtained from repetitions of the 
strengthening level of stress (in this 
case S,) when applied intermittently with 
groups of definite overstresses. In some 
instances the healing effect produced in 
each loading cycle by the repetitions of 
the minor stress compensated for the 
damage done by applications of a major 
stress somewhat higher than the fatigue 
limit for virgin specimens. 

For the purpose of predicting fatigue 
failure of members subjected to varying 
stresses, Miner (10) proposed that the 
cumulative damage in fatigue be com- 
puted by adding the cycle ratios at 
each stress, based on the assumption 
that fracture should occur when the 
cumulative total equals unity. This 
hypothesis may be expressed by the 
equation: 


where: 
n, = number of cycles applied at stress 


Si, 

N, = number of cycles to S-N curve at 
stress Si, 

2 = number of cycles applied at stress 
Se, 


N. = number of cycles to S-N curve at 
stress S_ etc. 
For example, by applying this equation 
to the data of Fig. 17 obtained for Sa = 
90,000 psi. and S, = 110,000 psi. using 


— 

| 

| 
4 
tm 


(1) 


load cycle A, the following results were 
obtained: 


= 0.48 


Nz 136,000" 1,050,000 


n 
Hence, the cumulative cycle ratio >» v= 


(.48 and does not agree with Eq. 1. 

With the same major and minor stress 
amplitudes as used above, the specimen 
subjected to the cycle G failed at a 
total of 142,000 cycles. An approxi- 
mate method of adding up cycle ratios 
in load cycle G was provided by dividing 
the stress amplitudes into ten stress 
brackets as shown in Fig. 20. The 
following results were computed on that 
basis: 


| Cycles | Cycles to 
a. Stress, S, psi. Applied, Failure, 
n, psi n, psi. 
Diteacks 109 000 29 200 150 000 
: See 107 000 12 600 185 000 
105 000 10 500 227 000 
Mamata 103 000 9 450 286 000 
101 000 9400 | 340 000 
are 000 9 400 | 440 000 
Pastiganne 97 000 9 450 510 000 
— ee 95 000 | 10 500 | 630 000 
93000 | 12 600 770 000 
91000 | 29 200 950 000 


Expected failure if run at constant 
stress; values obtained from ordinary S-N curve. 


By substituting these values in Eq. 1, 
n 
value for v= 0.47 was obtained. 


In analysing the results of the experi- 
ments the data from a number of tests 
were substituted in Eq. 1 and values of 
the cumulative cycle ratio determined as 
illustrated above. A wide spread in 
these values was found, however, rang- 
ing rather arbitrarily from 0.18 to more 
than 23.0 with only a small proportion 


giving the assumed result of = 1. 


It was therefore concluded that Eq. 1 
did not adequately express the varia- 
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§, = 110,000 psi. S: = 90,00 ) pi. 

n, = 58,000 psi. m2 = 58,00) pii. 

V, = 136,000 psi. Nz = 1,050,00 ) psi. 
mm 58,000 58,000. 


tions in fatigue life obtained from the 
present experiments employing fluctua- 
ting stress amplitudes. The data of 
both Bennett and Kommers (5, 4) have 
also indicated that this equation was 
not accurate since the damage produced 
by a given cycle ratio at one stress is 
not equal to the damage produced by 
the same value of cycle ratio at another 
stress. In their tests, greater equivalent 
damage was observed at a lower test 
stress after a given cycle ratio at a high 
prestress than was evident at the high 
test stress after prestressing for the same 
cycle ratio at the lower stress. This 
fact is illustrated in Fig. 7 by the differ- 
ence in results obtained from _inter- 
changing the prestress and test stress 
levels. The dashed line at 45 deg. to 
the axes represents the condition for 
per cent damage equal to per cent cycle 
ratio as would be the case for the as- 
sumption introduced by Miner. From 
these two curves it is evident that the 
sequence of stressing is an important 
factor in the determination of cumula- 
tive damage in fatigue. 

Cycle ratio versus damage curves of 
the type reported by Bennett (5) were 
not determined for the metals discussed 
in this paper. The repeated fluctuations 
of stress amplitude employed in these 
studies cannot be adequately represented 
by simple damage curves (Fig. 7) for 
each pair of stress levels; the question 
would immediately arise as to which 
of these two stresses to call the “pre- 
stress” and which the “test stress.” 
Since cumulative damage in fatigue is 
not linearly related to the magnitude 
of stress nor to the number of stress 
cycles, it becomes difficult to formulate 
any simple functional relation to express 
the deleterious (or beneficial) effects of a 
stress history. Simple principles of 
superposition are not adequate for analy- 
sis of phenomena such as fatigue damage 
which are related to the continuous 
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structural changes taking place to vary- 
ing degrees of severity at different stress 


levels and cycle ratios (16). _ 


It has been pointed out that when the 
minor stress amplitude was equal to or 
less than the original fatigue limit in tests 
of S.A.E. 1045 steel with load cycles A 


General Summary: 


or B, three effects were noted: (a) the 
fatigue limit was raised; (b) accentuated 
_damage was produced for values of 
immediately above the new fatigue limit; 


and (c) the relative fatigue life (in 


comparison with that predicted from 


the S-N curve) was increased for tests 
employing higher values of major stress 
amplitude. A similar behavior was in- 
dicated in tests of unnotched specimens 
of S.A.E. 4340 steel. 

In the few tests of notched specimens 
of S.A.E. 1045 steel and in the groups 
of unnotched specimens of S.A.E. 2340 
steel an increase in fatigue limit was 
the only one of these three tendencies 
observed. For mnolched specimens of 
S.A.E. 4340 steel none of these three 
effects were apparent, whereas these 
trends were evident for notched speci- 
mens of S.A.E. 2340 steel only when 
the lower stress amplitude was equal 
to the original fatigue limit; however, 
a slight increase in fatigue life was also 
indicated when S, was 80 per cent of the 
original fatigue limit. 

In general, for the steels investigated 
the larger number of repetitions of an 
understress (below the fatigue limit) in 
load cycle B had no pronounced effect 
on the fatigue life if the major stress 
amplitude was sufficiently high. For 
the 75S-T aluminum alloy, minor stress 
amplitudes between 75 and 100 per 
cent of the fatigue strength had no 
significant effect on the fatigue life 
observed for a wide range in values of 
major stress amplitude; conversely, how- 
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ever, lowering the minor stress ampli- 
tude to only 25 per cent of the fatigue 
strength resulted in a slight increase jn 
fatigue life. 

For test conditions in which the minor 
stress amplitude was an overstress and 
the difference between the major and 
minor stress amplitudes was small, an 
abnormal increase in fatigue life wa 
produced which indicated that the 
material was able to develop strengthen- 
ing effects to prolong the total life to a 
number of cycles as great as though 
all stresses had been at the lower level, 
This paradoxical behavior was evident 
in the data from the three metals sub- 
jected to these test conditions, 

Though this curious prolongation of 
fatigue life would not at first seem logical, 
it is probably further evidence of the 
same phenomena that produce the in- 
creased life observed in numerous tests 
involving understressing (see references 
(2 to 6) inclusive, and (15 to 20) inclusive). 
Several investigators have demon- 
strated that by repeatedly stressing a 
specimen for a few million cycles just 
below the fatigue limit, and then suc- 
cessively increasing the load by smal 
increments with a large number of stress 
cycles at each increment (“coaxing”), 
the fatigue limit is raised appreciably 
and the life at the higher stress levels 
may be astonishingly long as compared 
with the virgin metal. Moreover, 
Moore and Jasper (19), Kommers (2), 
and Bennett (5) have found that it \s 
possible to take metal that has been 
damaged by previous overstressing and 
to repair the damage by understressing 
or “coaxing” to restore the fatigue limit 
to, or even increase it above, the origina! 
fatigue limit for the virgin metal. 

Of particular interest in this process 
is the observation that the “coaxing 
to be effective must be accomplished 
with relatively small increments of the 
suceessively increasing stress. This 1s 


| = 
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consistent with the results of the present 
investigation which indicated an in- 
creased fatigue life for conditions in 
which the stresses were periodically 
alternated between minor and major 
stress amplitudes that did not differ in 
magnitudes by a large amount. More- 
over, the mechanism leading to this 
strengthening effect apparently was op- 
erative even for cases in which both 
major and minor stresses were above 
the fatigue limit, whereas previous in- 
vestigators have usually resorted to 
initial applications of stresses at or 
below the fatigue limit to produce 
similar “healing” effects. However, for 
cases in which the major stress ampli- 
tude was considerably greater than the 
minor stress amplitude the fatigue life 
was not in general increased; similarly, 
the “coaxing” process is not effective in 
increasing the fatigue life if large in- 
crements are used between subsequent 
values of the successively increasing 
stress, 

The results of a considerable number 
of retests of notched and unnotched 
specimens of the three steels after miscel- 
laneous types of prestressing fit con- 
sistently into two general categories as 
follows: (a) specimens with various types 
of stress history that were retested at a 
stress amplitude up to about 10 or 15 per 
cent above the fatigue limit of virgin 
specimens were characterized by a 
marked increase in fatigue life (in 
‘many cases indefinitely long); (6) speci- 
mens subjected to a retest at a higher 
stress exhibited a life comparable with 
that of the virgin specimens. 

This behavior is consistent with the 
comparisons made above with respect 
'o the “coaxing” process. In these 
relests it was again evident that if the 
Previous stress history was accomplished 
at stresses not too greatly different 
ftom the new value of the (higher) test 
Stress, an effect similar to “coaxing” 
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resulted that became evident as a 
pro'ongation of fatigue life. However, 
no effect of “coaxing” was apparent in 
influencing the life of specimens re- 
tested at a stress considerably above 
the level of the stresses developed in 
the previous stress history. 


CONCLUSIONS 


This investigation comprised studies 
of the effect on fatigue life produced by 
several types of stress history in which 
the amplitude of stress was varied at 
regular intervals between two predeter- 
mined values. Both notched and un- 
notched specimens of small size were 
tested in rotating-beam fatigue ma- 
chines; the majority of data were ob- 
tained with a loading cycle in which 
1000 cycles of a high stress amplitude 
were repeatedly alternated with 9000 
cycles of a lower stress amplitude. As 
a result of this study the following con- 
clusions seem justified, as generaliza- 
tions representative of the majority 
of test conditions involved: 

1. The fatigue limit for a ferrous 
metal is not a definite quantity but may 
be altered by a previous stress history. 
In general, repetitions of an under- 
stress alternated with repetitions of a 
stress 10 to 20 per cent above the original 
fatigue limit resulted in a marked in- 
crease in fatigue life that may be inter- 
preted as an increase in fatigue limit. 

2. Specimens retested after being sub- 
jected to any of a number of different 
stress histories involving a large number 
of cycles of prestress consistently ex- 
hibited one of two general types of 
behavior: (a) retests at a stress ampli- 
tude up to about 10 or 20 per cent above 
the original fatigue limit were charac- 
terized by a marked increase in fatigue 
life; (b) specimens retested at high levels 
of stress exhibited a life comparable with 
that of virgin specimens. 

3. The relative fatigue life (as com- 
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_ pared with the S-N curve) was influenced 
_by intermittently applied repetitions of 
an understress but also depended on the 
magnitude of the major stress which was 
alternated with the understress. For 
cases in which the major stress ampli- 
tude barely exceeded the increased 
fatigue limit described above, an ac- 
centuated damage was observed (that 
is, the number of stress cycles sustained 
at the major stress was appreciably 
smaller than that predicted by the 
ordinary S-N curve). For extremely 
high values of major stress amplitude 
the total fatigue life was approximately 
that predicted by assuming failure would 
occur when the cumulative number of 
cycles of stress at only the major stress 

_ amplitude reached the S-N curve. 
4. With minor stress amplitudes below 
the fatigue strength, the large number 
of repetitions of understress in load 
cycle B had little effect on the total 
fatigue life of specimens of S.A.E. 2340 


1045 and 4340 steels when repetitions of 
a minor stress below the fatigue limit 
were alternated with intermediate levels 
of major stress amplitude. Periodic 
repetitions of an extremely low under- 
stress (only one fourth of the fatigue 
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strength based on 5 X 10% cycles) re. 
sulted in a slight increase in fatigue life 
for unnotched specimens of the 755-T 
aluminum alloy. 

5. With minor stress amplitudes above 
the fatigue limit (overstresses) and 
with the magnitude of the major stress 
amplitude only slightly greater than 
the minor stress amplitude, the total 
fatigue life was frequently found to be 
practically the same as though all 
stresses had been applied at the lower 
stress level; however, for increased 
values of major stress amplitude, fatigue 
failure generally occurred before the 
cumulative number of cycles at either 
the major or the minor stress amplitude 
reached the ordinary S-N curve. | 


Acknowledgments: 


This investigation has been conducted 
by members of the staff of the Depart- 
ment of Theoretical and Applied Me- 
chanics as a part of the work of the 
Engineering Experiment Station of the 
University of [Illinois in cooperation 
with the Office of Naval Research, 
United States Navy (14, 20), under 
Contract N6-ori-71, Task Order IV, 
Project NR-031-005. Acknowledgment 
is also due Mr. S. W. Sandberg and Mr. 
D. P. Protzman, Student Assistants who 
aided in preparation of illustrations. 


REFERENCES 


(1) H. J. French, “Fatigue and Hardening of 
Steels,” Transactions, Am. Soc. 
Treating, Vol. 21, pp. 899-946 (1933). 

(2) J. B. Kommers, “The Effect of Overstress- 
ing and Understressing in Fatigue,” 
Proceedings, Am. Soc. Testing Mats., Vol. 
38, Part II, pp. 249-268 (1938). 

(3) J. B. Kommers, “The Effect of Overstress- 
ing and Understressing in Fatigue,’ Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 43, 
pp. 749-762 (1943). 

(4) J. B. Kommers, “The Effect of Overstress 

7 Fatigue on the Endurance Life of Steel,” 


Steel 


Proceedings, Am. Soc. Testing Mats., Vol. 
45, pp. 532-543 (1945). 


steel of 75S-7 aluminum alloy. In 
contrast with this behavior, accentuated 
damage seemed to be produced in S.A.E. 


(5) J. A. Bennett, “A Study of the Damaging 
Effect of Fatigue Stressing of X4130 
Steel,” Proceedings, Am. Soc. Testing 
Mats., Vol. 46, pp. 693-711 (1946). 

(6) H. Miiller-Stock, E. Gerold, E. H. Schulz, 
“Der Einfluss einer Wechselvorbeanspru- 
chung auf Biegezeit-und Biegewechsel- 
festigkeit von Stahl St. 37,” Archio fir das 
Eisenhiiltenwessen, Vol. 12, 141-148 
(1938). 
(7) G. W. Stickley, “Effect of Alternately High 
and Low Repeated Stresses Upon the 
Fatigue Strength of 25S-T Aluminum Al 
loy,” National Advisory Committee fol 
Aeronautics, Technical Note 792, (1941). 


(8) B. F. Langer, “Fatigue Failure from Stress 
Cycles of Varying Amplitude,” Tran- 
sactions, Am. Soc. Mechanical Engrs., Vol. 
59, pp. A-160-162 (1937). 

(9) A. Thum and W. Bautz, “Fatigue Failure 
from Stress Cycles of Varying Amplitude’. 
Discussion, Transactions, Am. Soc. Me- 
chanical Engrs., Vol. 60, pp. A-180-182 
(1938). 

(10) Milton A. Miner, “Cumulative Damage in 
Fatigue,” Transactions, Am. Soc. Mechani 
cal Engrs. Vol. 67, pp. A-159-164 
(1945). 

(it) F. Bollenrath, “Factors Influencing the 
Time and Fatigue Strength of Materials,” 
Taylor Model Basin U.S.N., Translation 
No. 122, April, 1944. 

(12) F. E. Richart, Jr. and N. M. Newmark, 
“Cumulative Damage in Fatigue,” Report 
to the Office of Naval Research, Contract 
N6-ori-71, Task Order V, University of 
Illinois, February, 1948. 

(13) F. E. Richart, Jr. and N. M. Newmark, 
“An Hypothesis for the Determination of 
Cumulative Damage in Fatigue,” Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 48, 
p. 767 (1948). 

(14) T. J. Dolan, F. E. Richart, Jr., and C. E. 
Work, “The Influence of Fluctuations in 
Stress Amplitude on the Fatigue of Metals 
(Part I),” Seventh Progress Report, Office of 
Naval Research, Contract N6-ori-71, Task 
Order IV, University of Illinois, July, 1948. 


oe On FATIGUE OF METALS 


679 


(15) Battelle Memorial Institute Staff, ‘“Pre- 
vention of Failure of Metals Under Re- 

; peated Stress,” John Wiley and Sons, : 

hn New York, N. Y., pp. 87-97 and 199 
(1946). 

(16) A. M. Freudenthal and T. J. Dolan, “The 
Character of Fatigue of Metals,’ Fourth 
Progress Report, Office of Naval Research, 
Contract N6-ori-71, Task Order IV, Uni- 
versity of Illinois, February, 1948. 

(17) H. Miiller-Stock, “Der Einfluss dauernd 
und unterbrochen wirkender, schwingender 
Uberbeanspruchung auf die Entwicklung 

Dauerbruchs,” Mitterlunger der Kohle- 
und Eisenforschung, Vol. 2, No. 2, pp. 83-107 

(1938). 

(18) F. C. Lea, “Effect of Repetition Stresses on 
Materials,” Engineering, Vol. 115, pp. 217- 
219, 252-254 (1923). 

(19) H. F. Moore and T. M. Jasper, “Investiga- 
tion of the Fatigue of Metals: Series of 
1923,” Bulletin 142, Engineering Experi- 
ment Station, University of Illinois, (1924). 

(20) C. E. Work and T. J. Dolan, “The In- 
fluence of Fluctuations in Stress Amplitude 
on the Fatigue of Metals (Part IT),’”’ Ninth 


_ Progress Report, Office of Naval Research, 
Contract N6-ori-71, Task Order IV, Uni- 


versity of Illinois, September, 1948. 

(21) Research Committee on Fatigue of Metals, 
“The Effect of Type of Testing Machine 
on Fatigue Test Results,” Proceedings, Am. 

z Soe. Testing Mats., Vol. 41, p. 133 (1941). 


e 
[ 
e 
d 
$8 
n | 
al 
er 
ad 
ue 
he 
er 
de 
ed 
rt- 
sti 
‘he 
the 
ion 
ch, 
der 
V, 
ent 
Mr. : 
vho 
ging 
1130 
ting 
hsel- 
das 
-148 
igh 
 Al- 
» for & 
1). 


Mr. G. W. Srickiey!' (presented in 
written form).—The tests that have been 
described in this paper concerning the 
effects of fluctuating cycles of stress 
upon fatigue life are very interesting. 
The data help toward a better under- 
standing of conditions that are en- 
countered in service, which rarely are as 
simple as in conventional tests. 

It would be interesting to know 
whether the authors made any de- 
terminations of residual stress con- 
ditions in the specimens. While it seems 
quite likely that any conditions of 
residual stress that may have been 
present did not have any large effect 
on the results of the fatigue tests, still 
the effect may have been measurable. 
This effect could be favorable or un- 
favorable, depending to some extent 
upon whether the residual stresses were 
tensile or compressive and upon their 
distribution. 

It is indicated in Table II of the 
paper, that the Brinell hardness value 
of the 75S —-T6 aluminum alloy was 
determined using a 3000-kg. load, the 
same as in the tests of the steels. The 
hardness of aluminum alloys and other 
non-ferrous metals, however, usually 
is determined using a 500-kg. load 
(see A.S.T.M. Method E10-—27?). If 
this smaller load had been used, the 
Brinell hardness number would have 
been appreciably lower than 178.5, 
probably about 155. 


1 Assistant Chief, Mechanical Testing Div., Aluminum 
Research Labs., Aluminum Company of America, New 
Kensington, Pa 

2Standard Method of Test for Brinell Hardness of 
Metallic Materials (E 10-27), 1946 Book of AS.T.M. 
Standards, Part I-A, p. 710, Part I- B, p. 308. 


DISCUSSION 


Me. R. E. PETERSON.’—I would like 
to point out that this paper represents 
work in a field of considerable interest 
to designers. For example, it has not 
been found practical to design auto- 
mobile and railway axles and other 
related parts so that all of the variable 
stresses do not exceed the endurance 
limit. 

As Almen has pointed out, the life 
of a rear end automobile axle gear at 
full torque in low gear is of the order 
of 30 to 75 miles of car travel. Such 
severe loading is only rarely encountered 
in service, and then only momentarily. 

Some years ago, Westinghouse made 
measurements of axle stress on electri 
locomotives during operation. Some oi 
the stresses were below 10,000 psi., and 
the stresses varied up to 22,000 ps 
The problem, then, is to try to take 
account of this spectrum of stresses i 
design. 

We have been using the following 
(Shamberger-Langer) formula: 


1 
number of miles to failure. 
number of cycles per mil 


at a given stress leve 
and 


M= 


where: M = 


P 
¢ number of cycles at a stress 
level corresponding to / 
In the application of this formula we 
have used 12 stress levels at 1000 psi 
intervals, and as indicated above this 
results in the summation of 12 terms in 
the denominator. 


= Manager, Mechanics Dept., Westinghouse Resear 
Labs., Westinghouse Electric Corp., East P Pittsburgh, P+ 
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While we feel that the above formula 
has given us reasonable results, we 
know that it is not exact, since it cor- 
responds to the 45-deg. line shown in 
several figures of the paper. 

Work of the kind being carried out 
by Mr. Dolan and his associates will be 
helpful in arriving at a more precise 
basis for combining effects at various 
stress levels. 

Messrs. T. J. Doran, F. E. 
Ricuart, Jk., AND C. E. Work (authors’ 
closure). —In answer to Mr. Stickley’s 
question, the fatigue specimens of neces- 
sity were rather small and no suitable 
means were available for making an 
accurate analysis of the residual stresses 
existing prior to the test. However, it 
is probable that the relatively high 
temperatures to which the steel speci- 
mens were subjected during the temper- 
ing would have removed the major 
portion of the residual stresses existing 
in the material prior to the final machin- 
ing operations. Care was taken in the 
final machining to avoid heating or 
excessive rates of stock removal that 
might lead to further development of 
residual stress. 

In all cases an attempt was made to 
prepare like specimens, which were then 
compared on the basis of relative 
fatigue life with fluctuating load cycles 
as contrasted with the life when sub- 
jected to constant stress amplitudes 
‘as represented by the conventional 
S-V curve). Thus, even if residual 
stresses were present to some degree 
in the specimens, the comparisons of 
relative fatigue life should still be valid 
though the actual magnitude of stress 
existing in the specimens would be 

‘lightly different from the computed 
Values, 

For convenience, the Brinell hardness 
readings of the 75S — T alloy were made 
"ith the 3000-kg. load as indicated in 

€ table. The 75S-T is one of the 


harder aluminum alloys, and the size 
of the indentation was not trouble- 
some. Since the hardness readings were 
regarded as incidental measurements, 
it was not felt important to change to 
the 500-kg. load, which of course is more 
commonly employed in the hardness 
tests of non-ferrous metals, as Mr. 
Stickley points out. However, subse- 
quent readings indicate the Brinell 
hardness with the 500-kg. load to be 158. 

Mr. Peterson’s discussion brings out 
the important aspect of our need for 
further information of the type pre- 
sented in the paper. The designers of 
many types of machines (including air- 
craft) are faced with a difficult problem 
in trying to decide what effect the peak 
stresses and the frequency of incidence of 
various levels of stress will have on the 
fatigue life. The stress developed by 
nearly all parts such as axles, aircraft 
wings, springs, etc., fluctuates not 
through a sinusoidal cycle but over a 
rather complex stress history. There is 
no generally accepted rational manner 
of formulating in the laboratory a 
simple test condition that will evaluate 
the ability of the metal to withstand 
this random type of stress variation. 
It was the purpose of the experiments 
reported in the paper to examine the 
fatigue behavior under the simplest 
types of stress fluctuation involving 
only two stress levels. However, even 
this simple fluctuation produced vari- 
ations in fatigue life that could not be 
predicted from the data contained in the 
conventional S-V diagram. 

The formula proposed by Mr. Peterson 
is based on the assumption that fatigue 
damage at stresses above the fatigue 
limit is proportional to the cycle ratio 
at each level of imposed stress. Since 
the data of Bennett and Kommers 
(and many of the results presented in 
this paper) indicate that the propor- 
tionate fatigue damage is not directly 
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related to the cycle ratio, the formula is 
necessarily somewhat in error. However, 
for those cases in which the stresses 
fluctuated between levels above and 
below the fatigue limit (See Figs. 19 and 
24), the fatigue life for notched speci- 
mens of SAE 4340 and 2340 steels was 
comparable with the life that one might 
predict from the S-N curve by counting 
only the cycles of overstress. On the 
other hand, the data in Figs. 18, 22, and 
25 indicate that repetitions of an under- 
stress did affect the fatigue life of un- 
notched specimens of the three steels 


= 


and 


tested. Hence, it appears probable that 
until more knowledge is available of the 
exact behavior of the material under 
fluctuating fatigue stresses, it is not 
possible to formulate an accurate rational 
procedure for predicting fatigue life, 
Until such time as this knowledge be- 
comes available, it will continue to be 
necessary to use approximating relation- 
ships as the only means of supplying 
the designer with a crude approach to 
guide him in the selection of and pro- 
portioning of useable machine com- 
ponents. 
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THE EFFECTS OF METALLIZING PROCEDURES ON THE 
FATIGUE PROPERTIES OF STEEL* 


By W. LEE WILLIAMS? 


SYNOPSIS 


This paper presents the results of part of an investigation to determine the 
effects of metallizing and attendant methods of surface preparation on the 
flexural and torsional fatigue properties of steel. The four conventional 


ear 


_ methods of surface roughening, namely, electric bonding, grit blasting, rough 


threading, and grooving and knurling, have been investigated. The use of 
shot peening in conjunction with electric bonding has been covered. An 
analysis has been made to show the principal reasons for the observed reduc- 
— tions in fatigue strength and the way in which these are related to the size of 


tested section. 


For cases in which a selection of surface preparation methods is available, 


the grit blast process is preferred for all applications where the bond strength is 
adequate. The electric bond method is the least desirable from the standpoint 


of stress concentration, but is preferred over grooving or threading on small 
parts due to the smaller undercut required. The rough threading procedure is 
less damaging than grooving and knurling for parts subjected to flexural 


stresses, although both exert about the same effects in torsion. 


Metallizing is used frequently for the 
repair of worn machinery components 
and the rebuilding of parts which have 
been mismachined in manufacture. Its 
usé was stimulated greatly during the 
war, and much of the increase remains 
44 matter of peacetime economy. The 
vanety of applications for metallizing 
are evident from a review of the technical 
press, and references (1) through (8)* are 
only a few which cover this subject. 

It is unfortunate, however, that the 


*Presented at the Fift i 

act y-second Annual Meeting of 

= Te June 27-July 1, 1949. 

whe e rey expressed in this paper are those of the 
th [mae hot represent necessarily the opinions of 

Vepartment. 

Superintendent, Metallurgical Laboratory, 

yg Engineering Experiment Station, Annapolis, 

P it boldface numbers in parentheses refer to the list 
“erences appended to this paper, see p. 699. 


metallizing process and its attendant 
methods of surface preparation usually 
result in a serious reduction of the fatigue 
resistance of a metallized part. This 
fact was apparent from the many failures 
experienced at the Engineering Experi- 
ment Station on the experimental rec- 
lamation of worn Diesel engine com- 
ponents. A review of the literature 
revealed practically no information re- 
garding the endurance properties to be 
expected. Consequently, before  at- 
tempting further application of the 
metallizing process to highly stressed 
machinery components, an investigation 
was initiated to determine how severe 
such fatigue damage could be and to 
select the best reclamation procedures 
for further service testing. 
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SCOPE OF THE WorRK 


The data which are to be presented 
have been obtained with one general 
type of steel, tested in the form of small 
specimens. As will be evident later in 
the discussion, the size of the specimen 
has a pronounced effect on the fatigue 
results and the manner in which these 
results are interpreted. An attempt has 
been made, therefore, to treat the 


problem theoretically in order to relate, 
at least qualitatively, the results ob- 
tained on small sections to those which 
might be anticipated for larger parts. 
The theoretical treatment has many 
the 


debatable points. Nevertheless, 


4, 
/GRIT 


BOND BLAST 


analysis is believed to be sufficiently 
accurate to demonstrate the trends 
which might be expected and, in that 
way, serve a useful purpose for those 
who are attempting to utilize the metal- 
lizing process as a means of recondition- 
ing machinery parts. 

Recentiy the laboratory obtained 
facilities for the fatigue testing of speci- 
mens up to 2.5 in. in diameter. This has 
enabled experimental studies to be made 
on size effects and provides a means for 
verification of the theoretical treatment. 
It is hoped that the results of this work 
will be published when completed. 


METALLIZING PROCEDURES 


The various procedures for metallizing 


0.030* 

0.055" 

Fic. 1.—Sketch Showing Dimensional Changes Occurring from the Four Conventional Methods 
Preparing Specimens for Metallizing. 


have been covered fully in the literature 
and references (9) through (15) will serve 
as excellent sources of information for 
those who wish complete details. It js 
necessary here only to present a brief 
review and state the conditions followed 
in the preparation of specimens. 

Figure 1 represents a section of shaft. 
ing with an original radius R;. For 
ordinary repair work the thickness of 
the metallized layer averages about 
0.030 in. This is usually adequate to 
“true-up” worn parts and provides a 
sprayed layer heavy enough to with- 
stand most service stresses. Conse. 
quently, the first step in reconditioning 


consists of undercutting the part 0.060 in. 
on the diameter. 

The second step consists in preparing 
the surface to receive the sprayed meta 
The bond is entirely mechanical, so that 
the surface preparation consists of 4 
suitable roughening treatment. Selec: 
tion of one of the various methods 1 
depend principally on the machinabilit) 
of the base metal, whether or not the par 
can be turned in a lathe, the strength 
the bond required, and the location 
the worn areas. When more than 0! 
method can be employed, the best § 
selected on a basis of resulting fatigu 
properties. 

There are four common types of sul 
face roughening treatments. These 
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be described briefly, according to the 
procedures followed in the preparation 
of specimens, as follows: 

(a) Electric Bonding is essentially a 
low power welding operation in which 
the surface is roughened by a spattered 
deposit from nickel electrodes. The 
maximum height of the deposit depends 
on the voltage used, which in turn is 


Ay 


Fic. 2 
Shaft (100). 


selected as a function of the thickness of 
the sprayed metal to be applied. For 
the present tests, a medium voltage was 
employed, producing a peak height of 
about 0.020 in. A typical electric 
bonded and sprayed surface is shown in 
Fig. 2. The operation produces some 
local heating in the base material. 
Whereas the heat affected zone is 
“tremely thin, it is known that such 
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Photomicrograph Showing the Bond of a Typical Electric Bonded and Metallized Steel 
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superficial surface conditions can affect 
the endurance properties. Furthermore, 


the surface is rough and can be expected 
to contain stress concentrating notches. 

(6) Grit Blasting, as employed in the 
preparation of specimens, roughens the 
surface by blasting with 20 to 40 mesh 
angular grit blown with 100 psi. air 
the 


pressure. For 


materials tested 


Etched in Nital. 


herein, a five minute blast per specimen 
was sufficient with a work-to-nozzle 
distance of 2 in. This type of surface 
preparation results in the weakest bond; 
however, if the bond is sufficient, the 
effects of the small sharp notches are 
partially nullified by the beneficial 
peening action obtained, at least when 
the underlying metal is relatively soft. 
(c) Rough Threading, which is adapt- 
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able only to cylindrical work, is done cut, the lands between the grooves are 
with a 60 deg. pointed tool set to tear spread with a special knurling tool to 
and burr the threads as they are cut. produce a dovetail effect. In the prep- 


TAPER 0.5" IN DIAM THIS DIMENSION FOR 
PER FOOT CALCULATION ONLY. 
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0.500" 04687" 
0588" 4.064" 
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F1G. 3.—Dimensions of Basic Rotating Cantilever (flexural) Endurance Specimen Before Surface 
Roughening and Metallizing. 
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6375"DiAM. 
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F1G. 4.—Dimensions of Basic Alternating Torsion Endurance Specimens Before Surface Roughening 
and Metallizing. 


In making specimens, 16 threads per aration of specimens, the grooves wert 


inch were cut to a depth of 0.025 in. cut 16 to the inch with a land width of 
(d) Grooving and Knurling requires 0.015 in. before knurling. 
special tools and also is adaptable only to The actual metallizing was accom 


cylindrical work. The grooves are cut _ plished with a wire-fed spray gun. Con- 
as circumferential rings to a depth of siderable latitude probably could be 
0.025 in. It is possible to make a spiral allowed in the operation of the gu, 
groove similar to a thread; however, because it has been found by experience 
multiple cutting tools usually are em- that the major effects on fatigue strength 
ployed, thereby necessitating a circum- are caused by the methods of surface 
ferential notch. After the grooves are preparation, and very little strength ca2 
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be regained by the application of the 
metallized layer. Nevertheless, the lab- 
oratory has standardized its spraying 
technique along accepted lines. All of 
the specimens to be discussed herein were 
sprayed as follows: 


¥% in, steel, 0.4 per cent carbon 
15 psi. 
15 psi 
65 psi 
Work-to-nozzle ........ 6 in. 
Wire feed ... 2 ft. per min. 
Multipass 
Lathe rotation .... 70 rpm. 


METHODS OF TEST 


The endurance tests were made both 
in flexure (rotating cantilever) and in 
alternating torsion. The basic speci- 
mens are shown in Figs. 3 and 4. The 
rotating cantilever specimen (Fig. 3) has 
a conically tapered gage length and is so 
designed that the maximum stress is 
0.75 in. out from the inner fillet. The 
dimension at this point is used as a basis 
for stress calculation; however, the stress 
varies only about 1.5 per cent over a 
length of 1.5 in. 

Two types of alternating torsion 
specimens were employed. (See Fig. 
4). The 0.375-in. specimen is standard 
in the laboratory. In some cases, how- 
ever, it was necessary to use the 0.350-in. 
specimen with the shorter gage length in 
order to obtain the desired level of stress. 

All fatigue tests were made at 1450 
stress cycles per minute. The mean 
stress in each case was zero. 

The method of stress calculation plays 
an Important part in the proper inter- 
pretation of the data. For these tests, 
the specimens shown in Figs. 3 and 4 
were considered to represent members 
which originally were 0.060 in. larger in 
diameter and which had been undercut 
by that amount prior to metallizing. 
Since a reconditioned part is expected to 
carry the same service stresses as its 
original counterpart, the stresses were 
calculated on diameters 0,060 in. over 
those shown by the drawings. 


“con of the metallized deposit. 


Electric bonding and grit blasting © 
produced no further significant changes 
of dimension after the undercutting 
the 
rough threading and grooving and knurl- 
ing operations reduced the diameter an 
additional 0.050 in. for a total reduction 


operation. On the other hand, 


of 0.110 in. 


Specimens prepared as described were © 
tested both with and without the applica- 
Those 


containing the metallized layer were 
finish machined to size and given one 


longitudinal polishing operation. 


TABLE I.—BASE MATERIALS USED IN THE 
PREPARATION OF SPECIMENS. 
AFT 


Material Designation. ... AFS 


Normalized Normalized 
at 1600 F. | _ at 1600 F. 


Carbon; per cent.......... 


Tempered at | Tempered at 
| 1200F. | 1200 F. 
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0.21 0.26 
Manganese, per cent...... 0.51 0.52 
Silicon, per cent.......... 0.23 | 0.23 
Chromium, per cent....... 0.03 | 0.02 
Nickel, per cent........... 2.84 2.99 
Molybdenum, per cent....! 0.05 | 0.02 
Vanadium, per cent....... | 0.15 | 0.14 
Tensile strength, psi......| 105 300 | 106 000 
Yield strength, 0.1 per cent 
73 100 82 000 
Elongation in 2 in., per 
CORE. 24 } 24.5 
Reduction of area, per cent. | 58 ! 58 
223 | 215 


Brinell hardness........... | 


In determining the endurance limits 
of the fully polished base materials, 
specimens as shown in Figs. 3 and 4 were 


used. 
sumed to be identical to those whic 


The endurance limits were as- 


h 


would have been obtained with speci- 


mens larger by 0.060 in. 


MATERIALS 


The materials considered in this paper 
have been limited to normalized and 


tempered nickel-vanadium steel. 


Re- 


sults on harder materials are not yet 


ready for publication. 


The steels which 


are included had the compositions and 


properties shown in Table I. 
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is shown in Fig. 6. 
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RESULTS OF TESTS 
Rotating cantilever fatigue test results 
for material AFS are presented graph- 
ically in Fig. 5. 


A similar set of curves, 


for material AFT in alternating torsion, 
In explanation of the 
graphs, the presence of a zig-zag line 
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A summary of the endurance limits js 
given in Table II, together with the total 
strength reduction factor obtained jp 
each case. It may be noted that the 
term “strength reduction factor’”’ is used 
in preference to “stress concentration 
factor.” The latter term is related to 
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Fic. 5.—Rotating Cantilever (Flexural) Stress - Cycle Curves Obtained with Nickel-Vanadiut 
Steel, Material AFS, Roughened by Four Methods of Surface Preparation, With and 


Without a Metallized Layer of 0.4 per cent Carbon Steel. 


indicates the course of a test in which the 
stress was raised at intervals; the lower 
end of the line starts where the first 
stress increase was made. 
repeat that the stresses shown on the 
curves have been calculated with diam- 
eters 0.060 in. larger than those shown in 


Figs. 3 and 4. 


It is well to 


the specimen size and the shape a0 
location of the notch. The “streng! 
reduction factor” is, in addition, related 
to the notch sensitivity of the steel, and 
is, therefore, the factor expressing the 
extent of the lowering of the enduran®: 
limit by introducing conditions of str 
concentration, plus, in the case of the 
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present tests, the effects of under- 
cutting. 

The total strength reduction factor 
is a useful number in predicting the 
behavior of the normalized and tempered 
nickel-vanadium steels in sections com- 
mensurate with the specimen sizes (size 


45000 


© NOT SPRAYED 


689 
diameters. These factors due to the 
undercutting alone are indicated in i 
extreme right column of Table II. 

A comparison in each case between the | 
two factors listed in the table gives an 
excellent picture of the comparable 
damage caused by the various methods | 
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liects will be discussed later). How- 
‘ver, a better understanding of the 
existing Conditions is obtained if the two 
causes for the factor are isolated. That 
part which is attributable to the 0.060- 
in. undercut can be calculated precisely, 
because under a constant load the stress 
becomes a function of the cubes of the 
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lternating Torsion Stress-Cycle Curves Obtained with Nickel-Varadium Steel, Material 
AFT, Roughened by Four Methods of Surface Preparation, With and Without a 
Metallized Layer of 0.4 per cent Carbon Steel. 


of surface preparation. It is of interest 
to note that the total reduction factors 
for the grit-blasted specimens are smaller 
than the reduction factors caused by 
undercutting alone. It is clear, there- 
fore, that the grit blasting technique, 
despite the use of angular abrasives, has 
resulted in a beneficial peening effect. 
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The opposite is true for all the other 
methods of surface preparation. 

The flexural fatigue tests have demon- 
strated the groove and knurl process to 
be far more damaging than the rough 
thread process, despite the much sharper 
notches in the latter. Similar observa- 
tions were made by Moore (18) in his 
study of the effects of grooves and 
- threads on the fatigue of metals. Moore 
has shown that circumferential grooves 
cause greater fatigue damage than con- 
tinuous helical grooves of the same con- 
tour. A part of this can be accounted 
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strength is gained by the application of 
the metallized layer. In other words, 
the damage is done by the surface prep- 
aration, and this is by no reans nullj- 
fied by the sprayed coating. Of course, 
some slight gain of strength can be noted, 
and it is of interest to observe that the 
sprayed metal is more able to carry a 
share of the load when the specimen 
surface is prepared by a drastic roughen- 
ing treatment. Apparently, then, this 
is partially related to the strength of the 
bond. In larger sections, the sprayed 
layer would have even less significance 


TABLE II.-SUMMARY OF FATIGUE TEST RESULTS ON NICKEL-VANADIUM STEEL SPECIMENS SURFACE 


of | Surface Condition of Test 
est nation Specimens 


Flexure (Ro- | AFS Polished 
tating Grit blasted 
Cantilever) Grit blasted, sprayed 

Rough threaded 
Rough threaded, sprayed 
| Grooved, knurled 
Grooved, knurled, sprayed 
Electric bonded 
Electric bonded, sprayed 


Polished 
Grit blasted 
Grit blasted, sprayed 
Rough threaded 

Rough threaded, sprayed 
Grooved, knurled 
Grooved, knurled, sprayed 
Electric bonded 

Electric bonded, sprayed 


Alternating | AFT 
Torsion 


for by the fact that a given cross-section 
of a continuously threaded part is larger 
than the cross-section of a member with 
circumferential grooves. However, this 
does not explain all of the difference ob- 
served in the experiments, and other 
explanations are involved which at 
present are unknown. In the case of 
the alternating torsion tests, the rough- 
thread and the groove-and-knurl proc- 
esses were essentially the same with 
respect to effects on the fatigue proper- 
ties. 

The results shown in Table II and 
_ Figs. 5 and 6 indicate that very little 


ROUGHENED BY FOUR DIFFERENT METHODS, WITH AND WITHOUT A METALLIZED LAYER OF 64 
PER CENT CARBON STEEL. 


Diameter Actual Total Strength 
Used for Over-all Endur- Reduction 
Stress Diameter of ance Factor Due 
Calcu- Specimen Limit, Only to 
lation, as Tested, | psi. Undercut- 
in. in ting 0.00 in. 
0.528 0.468 52 000 1.004 - 
0.528 0.468 | 37 500 1.39 1.44 
0.528 0.528 38 500 1.35 1.44 
0.528 0.468 24 500 2.12 1.44 
0.528 0.528 28 500? 1.82 1.44 
0.528 0.468 15 000 3.46 1.44 
0.528 | 0.528 16 500 3.15 1.4 
0.528 0.468 16 000 3.24 1.44 
0.528 0.528 19 500 2.66 1.44 
0.435 0.375 36 000 1.00% - 
0.410 0.350 25 500 1.41 1.61 
0.410 0.410 32 500 1.14 1.61 
0.435 0.375 13 500 2.66 1.56 
0.435 0.435 16 500 2.18 1.56 
0.435 0.375 13 500 2.66 1.56 
0.435 0.435 18 500 1.94 1.56 
0.410 0.350 15 500 2.32 1.61 
0.410 0.410 19 000 1.90 1.61 


@ Endurance limit of polished base metal assumed to have no size effect within the range of sizes investigated. 


in so far as increasing the strength of the 
part is concerned. 

It is perhaps unfortunate that the 
electric bonding method of surface prep- 
aration results in such deleterious effects 
on the fatigue properties. This surface 
roughening process produces a strong 
bond and has the advantage of being 
applicable to all shapes and hardness o! 
parts to be reconditioned. For this 
reason a few tests were made to deter- 
mine whether shot peening could be used 
in any way to overcome the deleterious 
effects. 

Electric bonded rotating cantilever 


| 

a 

a 


e 


specimens, of material AFT, were pre- 


' pared as before with the addition of shot 


peening at various stages of preparation. 
The peening was performed with a 
special motor-driven jig which rotated 
the specimens in the blast stream at 3 
rpm. Control of the peening intensity 
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The results of the fatigue tests are 
presented in Fig. 7 and Table III. These 
values show an expected improvement 
to be obtained by shot peening of the 
electric bonded surface. A slight addi- 
tional improvement is noted if the base 
material also is peened prior to electric 


was obtained by mounting type A Almen bonding. Subsequent — shear __ tests 
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Fic. 7.—Rotating Cantilever (Flexural) Stress-Cycle Curves Obtained with Nickel-Vanadium 
Steel, Material AFT, Showing the Effects of Shot Peening at Various Stages in the Elec- 
tric Bonding and Metallizing Process. 


specimens on a fixture and subjecting 
them to the same peening conditions. 
The operating conditions of the blasting 
quipment consisted of 120 psi. air 
pressure, 3 in. nozzle-to-work distance, 
1 in. per second longitudinal nozzle 
travel and S.A.E. No. 550 size chilled 
ron shot. A blasting time of 7 min. per 
Specimen Was equivalent to 0.015 in. 
deflection of a type A peening intensity 
specimen on an Almen gage No. 1 (19). 


CYCLES 


showed a reduction of 25 per cent in 
bond strength to result from the peening 
of the electric bonded surface. 


COMPARISON OF RESULTS WITH THOSE 
IN THE LITERATURE 


Practically no information exists in 
the technical literature regarding the 
endurance properties of metallized speci- 
mens. Ballard (20) has given consid- 
eration to this subject, although his 
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statements have been based on service 
observations rather than on controlled 
experiment. He believes that the effects | 
of surface blemishes have been exagger- 
ated, because he has not heard of a 
single service failure of a metallized part. 
‘These observations do not agree with 
this laboratory’s experiences, either with 
fatigue specimens or in actual service 
tests of sprayed parts in Diesel engines. 
A paper by Horger and Buckwalter 
(21) regarding metal-coated and flame- 
hardened axles contains some limited 
information. These authors concluded 
that “plain specimens 2 in. in diameter 
FATIGUE TEST RE 

STEEL, MA- 


TABLE III.—SUMMARY OF FATIGUE TES’ E- 
SULTS ON NICKEL-VANAD!UM 
TERIAL AFT, SHOWING THE EFFECTS OF "SHOT 
PEENING AT VARIOUS STAGES IN THE PREP- 
ARATION OF ELECTRIC BONDED AND METAL- 
LIZED SPECIMENS. 
Over-all Endur- 
Surface Condition of Diam- ance 
Test Specimens eter as_ Limit, - 
psi. 
in. 
| 
Fully polished. | 
meta ...| 0.528 0.468 | 52000% 1.0 
| | 


Reduction 


Total Strength 
Factor 


Base metal peened 
only 0.528 0.468 | 60000 0.87 
‘electric | | 
bonded, sprayed 0.528 | 0.528 | 28000 1.9 


electric | | 


peened, 
0. 528 | 0.528 | 


43000 1.2 
of annealed S.A.E. 1035 steel showed 


Peened, 
bonded 
sprayed... 
Electric bonded, 
peened, sprayed. . 0. 528 0.528 | 39 000 | 4.3 
* Assumed to have no size effect within the range of 
sizes investigated. 
little change in endurance limit with and 
without the metal-coated layer.” How- 
ever, their specimens had been prepared 
for spraying only by sandblasting, in 
which case their results are not surpris- 
_ ing. On the other hand, Fuller, in dis- 
cussing the paper by Horger and Buck- 
walter, presented evidence which showed 
a decided lowering of fatigue strength. 
His tests were made on S.A.E. 1035 steel, 
apparently using the same rotating 


cantilever specimen as shown in fig. 3. 
Fuller’s results are summarized in Table 
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TABLE IV.—FATIGUE TESTS OF METALLIZED 
SPEC IMENS AS REPORTED BY FULLER (21). 


Endur- Strength 
Specimen _ ance Reduction 
Limit, psi.| Factor 
39000 | 1.0 
Shot blasted and sprayed.......... 34 000 | 1.15 
Rough machined (0.003 in. vated 
threads) and sprayed .. 31 500 1.25 
V notch 0.035 in. deep, 67 deg. flank, 


IV, in which the strength reduction fac- 
tors were calculated by the author. Full 
details of the processes were not given, 
although the sprayed layer thickness was 
one-eighth of the specimen diameter, 
The tests of Fuller, whereas not directly 
comparable, do not contradict the pres- 
ent experiments. 


CONSIDERATION ON Size EFFeEct 


The methods used to report the results 
in Tables II and III are more or less 
sufficient for the comparison of fatigue 
properties on commensurate sizes of 
shafts. However, they do not satisly 
requirements for applying the results to 
larger or smaller parts. ‘The reason for 
this, as demonstrated by Neuber (22) 
and others, is that the stress concentra- 
tion factor for any particular notch isa 
function of the diameter of the shaft and 
the depth of the notch. For any siz 
of shaft and notch radius, there is an 
optimum notch depth resulting in maxi- 
mum stress concentration; notches shal- 
lower or deeper than the optimum value 
produce smaller concentration factors. 

At the time these fatigue tests were 
made, no facilities were available for 
the experimenti ul determination of the 
effects of size on the metallized spec 
mens. Consequently, a theoretical 
analysis was made to determine such 
effects, at least on a qualitative basis 
Whereas actual experiments are now 
under way with large specimens, ! it is 
believed that the theoretical approac 
offers sufficient interest to be presented. 
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The recent work of Neuber (22) is 
perhaps the best source of information 
pertaining to notches and stress concen- 
tration factors as they might apply here. 
The chief advantage to the work rests 


TABLE V.—TECHNICAL STRESS CONCENTRATION 
FACTORS FOR TWO NOTCHES IN SOLID CIR- 
CULAR SHAFTS UNDER BENDING STRESSES, 
CALCULATED BY NEUBER’S EQUATIONS. 


| | 
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in the fact that stress concentration can 
be calculated for notches of any radius 
of curvature and of any depth occurring 
in any size of shaft. It is emphasized 
that the validity of the Neuber theory 
has not been completely confirmed, 
although the theory certainly is suitable 
for indicating the trends to be expected. 

Two series of calculations have been 
made for notches in solid circular shafts 


ter at Small-| Depth of |Curvature| Angle o 
Cross- |Notch, in./of Notch, Noteh, | Concen- under bending stresses. The technical 
Section, in. | = deg. |FactorK Stress concentration factors were cal- 
| oo culated using the Neuber equations 
| 1.00 
0.20. | 1.41 shown in the Appendix. Results of the | 
calculations are given in Table V. 
9.025 | 0.025 | 0 ‘ 
| 199 It is pointed out that the dimensions 
wae 4 of the first notch are similar to that 
produced by the grooving operation. 
0.10. 1.54 The second notch, with a flank angle of 
0.50... 1.98 60 deg. and a radius of curvature of 
1.0.....)> 0.025 0.001 4 2.12 
2.0... 2.22 0.001 in., approximates the condition 
™ 6.0... 2.29 introduced by a rough threading opera- 
paz . tion, with the exception that the calcula- 
° 
F NOTCH SIMILAR TO ROUGH THREAD 
NX 
ro 2 | | HES 2.07 
ze | 
T 
- NOTCH SIMILAR TO GROOVE & KNURL 
ao 
w? 
« | 
Or 
w 
= 
$° 
w - 
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Fic. 8, —Techni 
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cal Stress Concentration Factors for Two Notches as a Function of the Diameter of a 
ular Shaft Under Bending Stresses. Calculations Made According to Neuber’s 
Equations in Appendix. 
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- tions as shown do not take into account 


i 


the spiral form of the notch actually 
obtained in preparing a shaft for metal- 
lizing. Both notches are 0.025 in. in 
depth, a figure consistent with actual 
practice. 

Graphical presentation of the data in 
Table V is given in Fig. 8. After a shaft 
reaches 1 to 2 in. in diameter and above, 
the stress concentration factor is fairly 
constant as the shaft size varies. 
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threading or grooving and knurling, 
therefore, Neuber’s calculations would 
be based on radii Re and R3. 
Naturally it would be best if the stress 
calculations could be related to the orig. 
inal radius, R, of a reconditioned shaft. 
This can be done by (1) calculating the 
increase in stress due to the undercutting 
plus, in the case of threading or grooving, 
the increase due to the additional 0,025 
in. depth of the notch, and (2) multi- 


3 ELECTRIC BOND TYPE 


2 ROUGH THREAD TYPE 


THEORETICAL COMBINED FACTORS DUE TO 
STRESS CONCENTRATION AND REDUCED SECTION 


It is well to point out that in the 
presentation of the experimentally de- 
termined strength reduction factors in 
Table II, stresses were calculated using 
the original radius and the radius after 
a 0.030 in. undercut, corresponding to 
R, and Rb», respectively, in Fig. 1. 


Neuber’s equations, on the other hand, 
are based on the smallest radius occurring 
at the base of the notch. 
in the Appendix.) 


(See Fig. 11 
In the case of rough 
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Fic. 9.—Theoretical Combined Factor Due to Stress Concentration and Reduced Section, in a Solid 
Circular Shaft Under Bending Stresses, Resulting from Four Methods of Surface 
Preparation Prior to Metallizing. 


plying the value so obtained by the 
calculated stress concentration factor 
introduced by the notch. For example, 
consider a shaft 1.110 in. in diameter. 
When it is undercut and grooved ané 
knurled, the smallest diameter then 
becomes 1.000 in. The nominal stress 
increases as a function of the cube of the 


. e la 
diameter. Hence, in carrying the samé 
load, the stress would increase 1.37 timé 


before any consideration is given t th 


vs 


| | 
fu 


notch effect. Next, according to Neu- 
ber’s theory, the stress concentration 
factor introduced by the notch effect is 
1.84. Finally, the total effect resulting 
from the reconditioning of a 1.110 in. 
shaft is a stress increase of 2.52 (1.84 
times 1.37). 

As pointed out previously, the applica- 
; tion of the sprayed metal, to return the 
part to its original size, does not add very 
much strength to the shaft over that in 
the undercut and notched condition. 
By making the results somewhat con- 
servative, the slight beneficial effects of 
the sprayed metal can be ignored for the 
present in the calculation of stresses. 


TABLE VI.—TYPICAL CALCULATIONS FOR SHOW- 
ING DERIVATION OF COMBINED FACTOR DUE 
TO STRESS CONCENTRATION AND REDUCED 
SECTION IN AN UNDERCUT AND ROUGH 
THREADED SHAFT. 


Combined 
Factor 
Due to 
Stress 
Concen- 
tration 

and 
Reduced 
Section 


Diameter Factor of 
After Un- Stress In- 
Original dercut- crease 
Diameter of | ting and __ Due to 
Part, in. Rough Reduction D 
Thread- in Cross- 
| ing, in. Section 


Stress 
Concen- 
tration 
Factor 
ue tothe 


Notch, K 


infinite infinite 
oe 


6.00 


oe 
NNN NN 


| _ The entire stress increase calculated 
in the above manner has been called the 
combined factor due to stress concentration 
and reduced section. Curves 1 and 2 in 
Fig, 9 show such combined factors, as a 
the lunction of the original shaft size, for the 
“tot groove and knurl and rough thread types 
le of surface preparation. ‘Typical calcula- 
ae lions, as used for the rough thread curve 
an are given in Table VI. 

hen In the case of electric-bonded or grit- 
ress blasted Shafts, the situation is not 
the adapted to such precise treatment. 
amie Nothing is known regarding the dimen- 
‘ions and orientations of the notches, 
and hence it is not possible to make 
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calculations with the Neuber equations. 
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Nevertheless, it is apparent that grit 
blasting and electric bonding produce 
effects which are equivalent to measur- 


able notches. 


If the equations in the Appendix are 
examined, it is noted that in dealing with 
very shallow sharp notches (where the 
notch depth is less than that producing 
maximum stress concentration in a shaft 
of any particular diameter), the stress 
concentration factor decreases as the 
notch depth decreases, reaching a limit 


of 1.00 when the notch depth is zero. It _ 
is noted further that the stress concen- | 


tration for such notches is not expected. 
to vary significantly over a practical 


TABLE VIL.—STRENGTH REDUCTION FACTORS 


OBTAINED 


FROM 
TESTS OF MATERIAL AFS. 


ROTATING 


CANTILEVER 


ORIGINAL SIZE OF 


SHAFT 0.528-IN. DIAMETER. 


Method of Surface 
Preparation 


Polished 


Electric-bond. ... 
Groove-knurl...... 


Rough-thread 
Grit-blast... 


range of shaft sizes. 
were possible to construct curves of 
notch stress concentration factors for 
electric-bonded and grit-blasted shafts, 
similar to the curves shown in Fig. 8, the 
critical portions of the curves would 
occur to the left of 0.5-in. diameter, the 
remainder of the curves being nearly hori- 


zontal. 


Strength Reduction 
Smallest Factor 
Diameter 
After Due to 
Prepara- Reduc- Due to | Com- 
tion, in. tionin | Notch | bined 
Diam- | Effect | Factor 
eter 
0.528 1.00 1.00 1.00 
0.468 1.44 2.40 3.24 
0.418 2.02 | 3.46 
0.418 2.02 1.05 2.12 
0.468 1.44 0.90 
Therefore, if it 


Consequently, we may assume 


for practical purposes that the technical 
notch stress concentration factor pro- 


duced by grit blasting or electric bonding 


is constant for various sizes of shafts 
above 0.5 in. in diameter. 


Now ductile materials are not com- 


pletely notch sensitive, that is, the 


the full extent indicated by the stress 


O.110...../ 
0.210..... .10 
0.310... 
0.610..... 50 
1.110 | 1 2.90 P| ’ 
2.110 2 2.62 : 
4.110 4 2.45 
6.110 | 2.42 | 
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concentration factor. Consequently, it 
is not possible to determine from the 
endurance tests the actual amount of 
stress concentration caused by electric 
- bonding. It is assumed, though, that a 
curve for electric bonding, if it were 
drawn in Fig. 8 between 0.5 and 8-in. 
diameters, would be a horizontal line at 
‘some unknown ordinate value. It is 
_ possible to assign an arbitrary value of 
stress concentration which will satis- 
-factorily meet the needs of this discus- 
sion. As will be shown later in Table 
VII, the electric bonding method of 
_ surface preparation is the most damaging 
of all the methods tested, in so far as 
stress concentration due to notches is 
concerned. The tests of material AFS 
; show a strength reduction factor of 
2.25 caused by the notch alone, as 
7 will be seen subsequently. Then, if 
the material is not completely notch 
- sensitive, it is safe to assume that the 
actual stress concentration factor is at 


least 2.5. 
Based on this factor of 2.5, and making 


corrections for undercutting the original 
shaft diameter, curve No. 3 has been 
_ drawn in Fig. 9 to represent the trend 
taken by electric-bonded shafts. As 
_would be expected, the trend indicates 
that for very small shafts the electric- 
-bond method would become superior to 
the grooving and knurling or rough 
threading treatments, because the latter 
two methods require 0.110 in. to be 
- removed from the original diameter as 
compared with 0,060 in. for electric 

bonding. 
The grit blast method of surface prep- 
_ aration improved the endurance proper- 
ties of the steels tested. The beneficial 
 peening effect was obtained with sharp 
abrasives and might not result in im- 
provement for all materials. Hence, it 
is probably safe to assume that the stress 
concentration factor due to notches in- 
troduced by grit blasting of soft steels 
would be about 1.0, that is, no stress 


concentration. In this case, the strength 
reduction would result only from under. 
cutting of the shaft. Curve No. 4 in 
Fig. 9 represents the trend so obtained 
for the grit blast method. 

The previous few paragraphs have 
described the derivations of the the- 
oretical curves in Fig. 9. These curves 
are important because they show the 
expected trends relating the combined 
factors due to stress concentration and 
reduced section, for various methods of 
surface preparation, to a range of shaft 
sizes. These curves are not presented 
for the purpose of giving exact factors; in 
fact, the values may well be in consider. 
able error. This, however, is no great 
handicap to the present purpose, because 
the fatigue strength of a ductile material 
is not reduced to the full extent indi- 
cated by a stress concentration factor. 
Hence, regardless of the state of knowl- 
edge of the stress concentration, it is 
necessary to make fatigue tests to deter- 
mine the behavior of a notched material 
under cyclic stresses. 

Table VII presents the strength reduc- 
tion factors obtained from the Station’s 
rotating cantilever tests on material AFS 
as calculated according to the methods 
used in obtaining Fig.9. Each combined 
strength reduction factor is shown broken 
down into its two components, namely, 
the factor due to the reduction in shaft 
section and the factor due to the notch. 
The combined factor, of course, corre- 
sponds to the total strength reduction 
factor listed in Table II. 

These results can be considered in con- 
nection with the curves in Fig. 9. As 
indicated in the table, the grit blast 
method is by far the least damaging to 
the endurance properties, and therefore 
curve No. 4 is shown in its proper rela- 
tive position. The grit blast method of 
surface preparation is to be highly pre 
ferred over all other methods, provided 
that the bond strength is adequate. 

The experimental resulis show that 


| 
t 
i 
‘4 


WILLIAMS ON FATIGUE PROPERTIES OF STEEL 697 


the groove-and-knurl process is more 
damaging than the rough continuous 
thread, although the latter has a sharper 
notch and both notches are cut to the 
same depth. Mention has already been 
made of similar observations of Moore 
18) in his studies on the fatigue of 
threaded sections. Hence, the relative 
positions of curves No. 1 and No. 2 are 
reversed in actual practice. This effect 
was found only in the flexure tests, and, 
as will be shown, serious damage by 
rough threading is evident in torsion. 
Electric bonding introduces more 
damaging notch effects than any of the 
other methods of surface preparation. 
One advantage of electric bonding is that 
the shaft diameter is not undercut as 
much as in the cases of threading or 
grooving. Hence, for very small shafts, 
the smaller strength reduction factor due 
to undercutting may counterbalance the 
more severe notch concentration factor. 
This is indicated in Fig. 9 by the crossing 


type of analysis. Figure 10 presents a 
set of theoretical curves for torsion which 
are analogous to those in Fig. 9 for bend- 
ing. In this case it was assumed that 
the stress concentration factor from the 
notch alone was 1.8 for electric bonding 
and 1.0 for grit blasting over a range of 
shaft sizes from 0.5 to 8 in. 

Table VIII lists the strength reduction 
factors obtained by experiment and cal- 
culated according to the method used to 
derive Fig. 10. (Table VIIT is analogous 
to Table VII.) Again, the combined fac- 
tors equal the total strength reduction 
factors listed in Table II. 

These results in general conform to 
those found in the rotating cantilever 
tests. As would be expected from the 
above table, the greatest damage oc- 
curred to the small specimens by rough 


TABLE VIII —STRENGTH REDUCTION FACTORS 
OBTAINED FROM ALTERNATING TORSION 
TESTS OF MATERIAL AFT. 


Small- Strength Reduction 
of curves No. 2 and No. 3 at a shaft size Orizinal| &St Di- Factor 
somewhat below 1 in., and undoubtedly ‘face Prepara, Ean “After | Due to | Due | Com 
explains why the combined strength re- tion eter, in | | Reduc- | 
duction factor for electric bonding was ~ — Effect! tor 
less than that fc ing i 
. that for the ores in the Polished . . 0.435 | 0.435 1.00 1.00 | 1.00 
fatigue tests on small specimens, Electric-bond | 0.410} 0.350} 1.61 | 1.44 | 2.32 
T Groove-knurl 0.435 | 0.325 | 2.40 | 1.11 | 2.66 
he results obtained in the alternating Rough-thread | 0.435 | 0.325 | 2.40 | 1.11 | 2'66 
. Grit-blast 0.410 | 0.350! 1.61 | 0.88 | 1.41 
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cal Combined Factor Due to Stress Concentration and Reduced Section, in a 
r Shaft Under Torsional Stresses, Resulting From Four Methods of Surface 


Preparation Prior to Metallizing. 
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threading or grooving and knurling, the 
- reason being that these methods of sur- 
face preparation required greater reduc- 
tion of the shaft diameter prior to 


-metallizing. Consequently, for larger 
_ shafts, where the effects of undercutting 
are less pronounced, it is expected that 
_ the electric-bond method of surface pre- 
_paration would produce the greatest 
combined strength reduction factor, since 
this method produces the greatest stress 
concentration as a notch. Such a trend 
is shown in Fig. 10 by the crossing of 
curves No. 1 and No. 2 by curve No. 3. 
It is well to point out again the one 
notable difference between the rotating 
cantilever and alternating torsion results. 
In the case of the cantilever specimens, 
. the continuous nature of the rough 
threads resulted in far less damage than 
the circumferential grooves. In the 
alternating torsion tests, the rough 
thread and groove and knurl processes 
were about equally effective in reducing 
fatigue strength. 

Grit blasting with sharp angular grit 
once again produced a beneficial peening 
effect. However, the steels used in the 
tests were relatively soft and insensitive 
_ to notches, and harder steels might not 

be benefited by grit blasting. 


CONCLUSIONS 


The method to be selected for prepar- 
_ ing surfaces for metallizing depends to a 
considerable extent on the nature, size 
and shape of the part being recondi- 
tioned. Nevertheless, in many cases, 
particularly for cylindrical parts, any 
one of a number of procedures can be 
chosen. In such cases, the grit-blast 
method of surface preparation is to be 
greatly preferred, provided the bond 
strength is adequate. In the case of 
quite soft materials, at least, the en- 
durance properties will not be affected 
other than by loss in strength due to 
undercutting. Grit blasting prior to 
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metal spraying is recommended for 
parts subjected to both bending and 
torsional! stresses. 

The experimental results indicate that 
electric bonding introduces more serious 
notch effects than either rough threading 
or grooving and knurling. However, 
the latter two processes require a greater 
amount of undercutting to be performed 
on a part being reconditioned. Con- 
sequently, in small parts, where the 
effects of undercutting are felt the most, 
the added loss in strength due to the 
extra undercutting can overshadow the 
notch effects. Judging from theoretical 
considerations, as well as the experi- 
mental results from small specimens, the 
electric-bond method would be better 
for parts under about 1 in. diameter, and 
either the rough threading or grooving 
and knurling process for shafts of larger 
sizes. This size effect occurs with both 
bending and torsional stresses. Electric 
bonding, of course, must be used on steel 
of any size if the steel is too hard to 
machine. 

The test results with rotating canti 
lever specimens show that the groove- 
and-knurl process is more damaging than 
the continuous rough-thread, even 
though the latter has a sharper notch 
contour and both are cut to the same 
depth. A part of this is due to the 
smaller area in any cross-section through 
a circumferential groove. In addition, 
however, certain unknown features cot- 
nected with continuous threads must 
account for the remainder of the super- 
iority. Similar observations by other 
investigators have been noted in fatigue 
studies of threaded bolts. The super 
iority is pronounced only in the rotating 
cantilever test; in alternating torsion the 
rough threading and grooving and knur- 
ing processes are about equally damagin? 
to the fatigue strength of steel. 

These tests have been conducted 
relatively soft machinery steels which 
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are not expected to be very notch 
sensitive. Harder materials undoubt- 
edly would be damaged to a greater 
extent from the notches introduced by 
the surface preparations. 

Whereas the theoretical discussions 
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APPENDIX 


Calculations using Neuber’s (22) theory 
are based on the following symbols and 
equations: 


Let ki = stress concentration factor calculated 
as a deep notch. 

ke = stress concentration factor calculated 

as a shallow notch. 

K’ = stress concentration factor of an ideal 
material (obeys classic theory of 
elasticity). 
technical stress concentration factor. 
Poisson’s ratio. 
radius of notch curvature. ao 
depth of notch. 
radius of shaft at base of notch. 
elastic notch sensitivity (related to 
texture of material) and reported to 
equal 0.0189 in. for steel. 
flank angle of notch. 


For torsional stress on solid circular 
shafts: 


Fic. 11.—Dimensional Symbols Employed in 
the Execution of Neuber’s Equations. 


For bending stress on solid circular 
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shafts: K’ and K, same as for bending stresses. L 


Mr. Sam Tour.'—This is a very 
interesting paper and contains some very 
valuable and worth-while data. It is 
hoped that more work will be done along 
this line. 

In the paper the statement is made 
that if the material is too hard to be 
grooved or knurled, then, the electric 
bonding method must be used. 

This might be modified a bit in view of 
the development within the past year 
and a half of spray bonding for hard 
materials. Where hard materials cannot 
be grit blasted adequately for good bond 
and are too hard to be rough threaded 
or grooved and knurled, the spray bond- 
ing method applies. The spray bond 
wire is applied with a metallizing gun 
direct upon the hard surface and adheres 
as a thin layer upon which then the 
regular sprayed metal coating can be 
applied. 

It is possible with the spray bonding 
method to get adherence equal to that 
obtained on grit blasting a soft steel 
(good adherence is obtainable even on 
case hardened or 60 “C”? Rockwell hard) 
surfaces. It would be interesting if the 
author of this paper would extend his 
work to include spray bonded surfaces. 

Mr. W. L. (author’s closure). 

Mr. Tour’s remarks are appreciated 
greatly. As he has pointed out, the spray 


DISCUSSION 


bond method is a rather new develop- 
ment. We had undertaken the testing of 
the method, but unfortunately the re- 
sults were not ready at the time the 
paper was presented to the Society. 
However, at this time the tests are suffi- 
ciently well along to mention a few 
conclusions. 

Spray bonding is an effective method 
of producing a metallized bond without 
the necessity of roughening the base 
metal. It is applied with the metallizing 
gun and requires only the set-up neces- 
sary for the ordinary metallizing process 
itself. This has obvious practical attrac- 
tions to the metallizing shop. However, 
spray bonding lowers the fatigue resist- 
ance of the base metal, despite the 
elimination of the base metal roughening 
treatments associated with other bond- 
ing practices. The extent of the lowering 
of the fatigue resistance is about of the 
same magnitude as that resulting from 
electric bonding. 

It may be of interest to know that 
our tests of larger specimens also are 
nearly completed for shaft diameters of 
1.5 in. Almost without exception, the 
trends on size effect have been realized 
as indicated by the theoretical treat- 
ment in this paper. 


} President, Sam Tour and Co., Inc., New York, N. Y 
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A NEW HIGH-SPEED SHEET METAL FATIGUE TESTING MAC] 
FOR UNSYMMETRICAL BENDING STUDIES* 


By G. R. Goun! AND E. R. Morton! 


[INE 


This paper describes a constant deflection fatigue machine suitable for test- 
ing in bending 24 sheet metal specimens simultaneously at as many as 12 dif- 
ferent values of mean stress and at any testing speed up to 3000 rpm. Alter- | 
nating stresses ranging from zero to a maximum value corresponding to a_ 
deflection of 1 in. may be superimposed upon any mean stress of such magni- 
tude that the total deflection does not exceed 2 in. The novel feature of the 
machine consists in driving the free end of the cantilever-beam specimens 
through an arc which corresponds to the normal path of the free end of the 
deflected beams. This is accomplished by passing the specimens through | 
rock shafts carrying adjustable deflecting arms which bend the specimens, not | 
about the point of clamping, but a point in space representing the center of _ 
the arc through which the free end of the specimens travel. * The rock shafts 
are oscillated by means of a variable throw crankshaft, connecting rods and 
Pitman arms. Continuous lubrication is obtained from splash feed. An 
electronic monitoring system records the number of cycles to failure. The © 
machine is capable of testing sheet or strip metal varying in thickness from — 
0.010 to 0.050 in. 


SYNOPSIS 


mens—either notched or unnotched— 
under conditions of completely reversed 
stress. For applications in which the 
mean stress is not zero, modified Good- 
man diagrams have been constructed 
from a knowledge of the tensile strength 
and the fatigue characteristics of the 
material at zero mean stress, and these 
diagrams used to estimate the fatigue 
strength at other mean stresses. 

The modified Goodman diagram has 
been expressed by the equation 


DISCUSSION OF FATIGUE ‘TESTING 
WITH UNSYMMETRICAL LOADING 


Experience has shown that the physica] 
tests which most nearly simulate service 
conditions yield data of greatest useful- 
ness to the materials engineer and to the 
designer. The need for this type of 
testing is particularly great in the field 
of fatigue where, either because of the 
lack of suitable testing equipment or 

because of limitations in machine design, 

it has become the general practice to 


determine the fatigue characteristics of ¢ (1 (1)* 
engineering materials, not on the basis Su 


of simulated service tests but on the The 
basis of tests made on polished speci. 


* Presented at the Fifty-second Annual Meeting of 
’ the Society, June 27-July 1, 1949. 
Members of Technical Staff, Bell Telephone Labora- 
tories, Inc., New York, N. Y 


* The symbols used in this equation differ slightly from 
those used by Gohn and Ellis in their previous paper be 
Fatigue Characteristics of Copper-Nickel-Zine and Phos 
phor Bronze Strip in Bending Under Conditions of Un- 
symmetrical Loading,’ Proceedings, Am. Soc. esting 
Mats., Vol. 47, p 713, (1947). These changes have bees 
made to conform to the symbols used in the Manual of 
Fatigue Testing prepared by A.S.T.M. Committee E-9 00 


Fatigue. 
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where: However, J. O. Smith (1)? has shown that 
S.= 


_ 10° cycles of completely reversed 


=the mean stress in pounds per 


the alternating stress amplitude, Eq. 1 does not apply to ductile materials 
that is one half of the safe range of subjected to torsional fatigue nor to 
stress, in pounds per square inch. axially loaded, notch-free, ductile speci- 
(In this paper the term “safe mens in which the mean stress was com- 
range of stress” will be used with- pressive. Gohn and Ellis (2) have also 
out further qualification to mean shown that this equation fails to apply 
the range of stress corresponding to at least two nonferrous sheet metals 
to 10° cycles of alternating stress), tested in bending. The latter authors 
the fatigue strength in pounds per further suggested the desirability of 
square inch corresponding to an making additional studies on sheet metal 
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PIECE MUST BE FREE 
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TOOL MARKS 
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" HERE 
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(b) MODIFIED FATIGUE TEST SPECIMEN SLIDING FIT ON / 
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THE 2"RADIUS FILLETS MUST JOIN THE TAPERED 
PORTION WITHOUT AN ABRUPT BREAK. THE INTER- RATIO + = 9.287 
SECTION OF THE TAPERED SIDES EXTENDED MUST b 

BE 5" FROM THE END. 


Fic. 1.—Fatigue Test Specimen. 


infinite number of cycles of com- to determine the relation between mean 
pletely reversed stress. (In this stress and alternating stress in bending 
paper the term S, is used to de- 
note the fatigue strength of “as- 
rolled,” cross-milled longitudinal 
specimens of strip material for 


under various conditions approximating 
service conditions. 

The sheet metal fatigue machines com- 
mercially available are not suitable for 
unsymmetrical bending studies on sheet 
metal within the 0.010 to 0.040-in. range 
of thickness normally employed in the 
manufacture of flat springs. ‘These com- 
mercial machines either do not permit 


stress), 


square inch, that is the algebraic 
mean of the maximum and mini- 
mum stress in one cycle, and 

the static ultimate tensile strength 
in pounds per square inch. 


2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 713. 


j 
4 | 
a 
h | 
— 
Us 
5 


704 


testing except under conditions of com- 
pletely reversed stress or lack sufficient 
amplitude to permit testing in the stress 
range corresponding to service condi- 
tions. The machine previously used by 
Cohn and Fllis (2) for unsymmetrical 
bending studies was built primarily for 
exploratory studies and could not be 
operated at speeds in excess of 509 rpm. 

To permit evaluation of the fatigue 
characteristics of sheet and strip metal 
under conditions of unsymmetrical load- 


tired 


ing, 4 multi enecimen machine ic rean 


Fic. 2. 

_ capable of being operated at high speeds 
— (2000 to 3000 rpm.) at various mean 
deilections and with a total throw rang- 

ing from zero to approximately 2 in. 
Under these operating conditions, the 
deflecting force should always be applied 

_ at the same point on the test specimen 
and wear of running parts must be neg- 
ligible; otherwise the deflection cannot be 
translated into terms of uniform stress 
throughout the li‘e cycle. Starting with 
the specimen shown in Fig. 1(@) which 
has been used in the sheet metal fatigue 
_ studies reported by other investigators 
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Sheet Metal Fatigue Testing Equipment. 


MORTON | 


(2, 3, 4, 5, 6, 7) and modifying it as shown 
in Fig. 1(b) to permit the use of a deflect- 
ing boot, a machine has been designed 
which will meet these test requirements, 


DESCRIPTION OF NEW TESTING MACHINE 


The new fatigue testing equipment 
developed for unsymmetrical bending 
studies is shown in Fig. 2. This view 
shows, in addition to the fatigue testing 


personnel, the driving motor, and the 
electronic monitoring system. The ma 
chine is shown in greater detail in Fig 
3. It consists essentially of a central 
inverted T-shaped rail, A, supported at 
one end by a bracket, B, and at the other 
end by a mechanism housing, C. Twelve 
specimens, S,, may be clamped to cach 
side of the rail as shown in Fig. 3. These 
specimens extend through hollow rock 
shafts, D, and are oscillated by rocker 
arms, E, each of which drives two sper 
mens by means of a common deflecting 
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Fic. 3.—Sheet Metal Fatigue Testing Machine. 


4.—Sheet Metal Fatigue Testing Machine— 
Actuating Mechanism. 
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pin, Ff. To eliminate any end thrust, 
these pins must be a smooth sliding fit 
in the U-shaped boots, G, fastened on 
the ends of the test specimens. Windows 
are cut in the rock shafts D to clear the 
specimens over an angle of + 30 deg. 
and to permit an additional displace- 
ment of the specimen of 30 deg. for un- 
symmetrical loading. The location of 
the rock shaft center is approximately 
at the 1/3 point of the fatigue test speci- 
men and corresponds to the center of 
rotation of the end of the specimen. 
This is essential for high deflections such 
as those required for unsymmetrical 
bending studies in sheet metal of the 
thickness normally used for flat springs. 
Without this important design feature, 
the point of loading at maximum deflec- 
tion would not be fixed but would vary 
with each increment of deflection. 
Inside the mechanism housing (Fig. 
4) Pitman arms, //, are clamped to the 
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ends of the rock shafts D. These Pit- 
man arms carry counterbalances, /, 
which reduce external vibration at the 
expense of bearing loading. The Pitman 


arms are driven by two connecting rods, 


J, from a crankshaft which is concealed 
_by the connecting rods. This crank- 
shaft carries an eccentric bushing, K, 


GOHN AND MorTOoN 


mechanism is lubricated by splash feed, 
Oil pockets and holes are provided in the 
rock shaft bearings, the upper ends of the 
connecting rods and the crankshaft 
sleeve bearing. The oil slinger (V, Fig 
5) throws the oil around inside the mech- 
anism housing. Some of the oil falls 
into the oil pockets and thus lubricates 


Fic. 5.-Sheet Metal Fatigue Testing Machine Open for Adjustment of Stroke. 


maintain balance independently of the 
stroke. The crankshaft also carries a 
counterbalance M and an oil slinger V. 


A fly wheel (O, Fig. 3) and a belt pulley 
(hidden by the guard) are mounted on 


the outer end of the crankshaft. 


Lubrication at the outboard ends of 
the rock shafts is obtained by means of 
felt packed oil cups. The rest of the 


which can be rotated to change the 
stroke from a minimum of zero to a maxi- 
mum of 1 in. The eccentric bushing is 
counterbalanced by weight L so as to 


the bearings. Lubrication of the crank 
pin is from a horizontal oil pocket in the 
cover (P, Fig. 5) which drains into a 
recess in the end of the eccentric counter- 
weight (L, Fig. 5). From this recess the 
oil is fed by centrifugal force through 
drilled passages to the crankpin under 
each connecting rod. ‘The small dribbler 
(OQ, Fig. 5) is necessary to permit oil 
to fall into the offset recess in the 
cover, P. 

By the use of counterweights and the 
system of lubrication described in the 
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revious paragraph, it has been possible 
» build a fatigue machine that can be 


sed for unsymmetrical bending fatigue 
studies at speeds as high as 3099 rpm. 


\t these speeds the lubrication has 
roved adequate; in fact in operation the 
iil supply to the bearings maintains a 
sficient film so that it has become 
install auxiliary spring 
the ends of the 


necessary tO 
lgaded contacts on 
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When a test specimen fails, the cold- 
cathode trigger tube, acting like a relay, 
permits current to flow to its associated 
electromagnetic counter each time the 
cam operated switch (7’, Fig. 3) is closed. 
Thus the monitoring circuit picks up the 
count only after failure of a specimen 
and the number of cycles to failure is the 
difference between the Veeder counter © 
reading and that of the electrical counter. 


CONTACT 
PROTECTION 


COUNTER 


lic. 6. 


wo rock shafts to provide continuity 
of the electrical circuit used for specimen 
monitoring. 


COUNTER MECHANISM 


As a gear reducer for the mechanical 
counter (R, Fig. 3) a Telechron motor 
unit, S, is driven from the end of the 
shaft by means of a small U-shaped pin. 
This gives a 1000 to 1 reduction between 
the main shaft and the Veeder counter 
K. For increased life an outboard bear- 
ing has been built into the clock mech- 
anism. 

Monitoring of the individual speci 
mens is accomplished by an electronic 
‘ounter, shown in Fig. 2. The moni- 
‘oring circuit is illustrated in Fig. 6. 
Essentially it consists of individual 
electric ally operated counters which are 
‘Naclive so long as the grounded circuits 
“re complete through the test specimens. 


ye 


ELECTROMAGNETIC 


Schematic Diagram of Electronic Counter Circuit. 


CAM ON 
MECHANICAL 
COUNTER 


The electronic monitoring circuit was 
selected instead of the relay monitoring 
circuit used by Greenall and Gohn (4) to 
reduce current drain to the point where | 
local dry batteries could be used for the 
power supply and to permit filtering so — 
that momentary opens at the boot or 
momentary contacts of the ends of 
broken specimen would not produce false — 
counts on the individual electromagnetic | 
counters. 

Referring to lig. 6, the starter anode 
of the cold cathode tube i Is ae 

d 


connected to the positive terminal of 
the battery make the resistance R; but 
is held below firing voltage because the 
starter anode is also grounded through 

the resistance Ry and the test specimen. 
The condenser C; sustains the starter 

anode potential against microphonic 
contacts at the boot and against false 
operations from transient contacts of the 
broken ends of the test specimen after 
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failure occurs. ‘The resistance R, is high 
enough to prevent any hazard or dis- 
comfort to personnel while working with 
the machine. 

When the fatigue specimen breaks, 
the voltage on the starter anode, no 
longer restrained by the drain to ground, 
builds up to a point where the tube is 
discharged. This causes ionization in 
the tube permitting a discharge between 
the main anode and the cathode large 
enough to operate the electromagnetic 
counter. To increase the life of these 
counters, individual switches are pro- 
vided to permit disconnection after 
failure of the associated test specimen. 

The cam operated switch on the me- 
chanical counter operates a relay once 
for each 1000 cycles. The relay connects 
the battery to the system and this per- 
mits operation of the individual counters 
in those positions where specimen breaks 
have occurred. The duration of relay 
closure is limited to conserve battery 
and tube life by operating the relay 
through discharge of condenser Cz which 
is slowly recharged through resistance 


DESCRIPTION OF SPECIMENS AND 
PREPARATION FOR TESTING 


To determine the fatigue character- 
istics of an alloy in sheet or strip form 
under various conditions of mean stress, 
specimens similar to those shown in Fig. 
1(a) are first prepared by cross milling 
a group of sheared blanks using a special 
spiral-fluted contour cutter. Any mill- 
ing marks left from this operation are 
removed by lightly stoning the speci- 
mens in a direction parallel to the length, 
care being taken not to destroy the con- 
tour during this operation as this would 
change the //b ratio. 

A group cf these specimens, repre- 
senting the spread of thickness encoun- 
tered in the lot are then used to deter- 
mine the load-deflection characteristics 
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of the alloy under test. In this oper. 
tion the maximum deflection should be 
at least as large as the greatest deflection 
used in the fatigue tests. This may be 
as much as 1.5 to 2 in. depending upon 
the alloy under test. In these measure. 
ments the load is applied at the point of 
intersection of the extended sides of the 
tapered section (Fig. 1(a)). This js 
accomplished by drilling a small hole 
(No. 60 drill or smaller) at this point 
and using a fine wire supported either 
from a ball or knife-edge to carry the 
weight pan. For each deflection the 
effective moment arm is also determine: 
and from these two measured values the 
stress is calculated from the basi 
formula 


My 
S= 


which for a. rectangular cross-section 


reduces to 
6Pl 


the bending moment in_ inci 
pounds, 
the distance from the neutral axis 
to the extreme fiber in inches, 
the moment of inertia in quadratic 
inches, 
the stress in pounds per square 
inch, 
the load in pounds, 
the length in inches, 
the width in inches, and — 

= the thickness in inches. 

For these studies the effective moment 
arm is taken as the distance from the 
point at which the load is applied to the 
middle of the 3-in. section of uniform 
stress and the width at that point is use? 
in the preceding calculations. This 
width is fixed by the machining operation 
and can be calculated from Fig. 1(4) 
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A curve is then plotted to show the 
relation between deflection and stress, 
and this curve, Fig. 7, is used in comput- 
ing the stresses corresponding to the 
various maximum and minimum deflec- 
tions. This relationship approximates 
a straight line. In general, within the 
yield strength, the stress corresponding 
to any set deflection remains essentially 


result of stressing. Above the yield 
strength, the stresses shown in Fig. 7 
correspond to those calculated from the 
initial load-deflection measurements. 
The high stress values undoubtedly fall 
off somewhat as the specimens are re- 
peatedly stressed above the yield 
strength, but since this represents a 
range of academic rather than engineer- 
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Fic. 7.—Calibration Curve for Determining Stress at Various Deflections. 


constant throughout the duration of the 
test. This has been verified in previous 
tests in which the stress-deflection char- 
acteristics of the fatigue specimens were 
determined at different intervals after 
Various numbers of cycles had been 
applied. In tests on grade A phosphor 
bronze strip checks on the load-deflection 
characteristics after 100,000,000 cycles 
of completely reversed stress at 33,000 


. showed no measurable difference in 
load-deflection characteristics as a 


0.6 0.8 1.0 12 1.4 
DEFLECTION,IN. 


ing interest, the authors have not yet 
studied this phase of the problem. 

In preparing the specimens for test, 
the ends are cut off approximately 3 in. 
back from the intersection of the 
tapered sides and a U-shaped boot 
soldered to the end as shown in Fig. 1(0). 
These specimens are then clamped on the 
fatigue machine by means of the insulated 
clamping blocks, U, shown in Fig. 3 and 
the deflection adjusted statically to the 
approximate test value by varying the 
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eccentric bushing on the crankshaft 
(K, Fig. 4). The mean stress desired 
is obtained by adjusting the rocker arms 
E to the proper value of deflection while 
the rock shaft is set at the neutral point 
of the stroke, after which the machine 
is ready for the dynamic calibration. 


METHOD OF ESTABLISHING DYNAMIC 
DEFLECTIONS 


_ To determine the deflection at testing 


speeds accurately an extra rocker arm 


the deflection, the rock shaft is set so that 
the calibrating arm is at the neutral 
point and the final position of the rock 
shaft arms is then located from the 
central rail of the machine. This js 
accomplished by loosening the locking 
screws on the split collar and rotating 
the arms on the rock shaft until the de- 
flecting pins have the desired offset. 
This offset, which can be varied from 
zero to a maximum of 2 in., can be 
checked by measuring the displacement 
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NUMBER OF CYCLES TO FAILURE 
Fic. 8.—Fatigue Characteristics of Grade A (Lot A-3) Phosphor Bronze Strip. 


(E,, Fig. 3) is mounted at the end of each 
rock shaft. At the center of the de- 
flecting pin a ;’g-in. Rockwell hardness 
ball is cemented in place. A spot of 
light from a small bulb thrown upon 
this ball during the operation of the 
machine will produce a streak of light 
having a very sharp termination at the 
extremities of the throw. This move- 
ment can be accurately measured with 
a cathetometer, thus giving a dynamic 
calibration for the machine. Theoreti- 
cally, the rocker arms on which the dy- 
namic measurements are made have a 
different deflection than do those which 
deflect the test specimens because of the 
absence of the restoring force exerted by 
the specimen. However, in actual prac- 
tice the maximum restoring force is only 
2 Ib. and this force would cause a deflec- 
tion of less than 0.0001 in.—a negligible 
effect. Having determined the range of 


from the central rail (Fig. 4) of the 
machine either by means of a special 
micrometer or with a Vernier caliper. 
The stresses corresponding to the mini- 
mum and maximum position of the 
deflecting pins during operation are 
obtained from the calibration curve 
(Fig. 7). 
Test Data 


To make sure that test data obtained 
on the new fatigue machine were con- 
sistent with those obtained by pre- 
viously accepted methods of test, com- 
parative tests were made on 0.032 in., 
spring temper grade A phosphor bronze 
strip? on the new machine and on the 
constant deflection machine previously 
described by Townsend and Greenall 
(3). The material used in these studies 

3 Standard Specifications for Phosphor Bronze Sheet 


and Strip (B 103 - 46), 1946 Book of A.S.T.M. Stan 
Part 1-B, p. 74. 
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had the following composition and phys- 
ical properties: 


Composition Physical Properties 
r, per cent.. 94.65 Tensile strength, psi. 102 000 
4.67 Yield strength, 0.01 
per centofiset, psi. 66 000 
Phosphorus, per Proportional limit, 
0.21 47 000 
Antimony, per Elongation per cent 


<0.003 2.5 
Youngs Modulus, 

i 300 000 

95.5 


Rockwell B hardness 
Fatigue strength at 
10° cycles of re- 
versed stress, psi.. 


Iron, per cent.. 
Lead, per cent..... <0.01 
Zinc, per cent.. 
33 000 


grade A phosphor bronze strip at 
100,000,000 cycles of completely re- 
versed stress was higher than that pre- — 
viously reported by Greenall and Gohn 
(4) or by Burghoff and Blank (7) for 
“as rolled” material but not as high as 
that reported by Price and Bailey (6) 
for polished specimens. The latter in- 
vestigators also terminated their tests 
after 50,000,000 cycles. 

Data obtained on the new machine 
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The results of the comparative tests on 
the two testing machines under condi- 
tions of completely reversed stress (zero 
mean stress) are shown in Fig. 8. ‘These 
data indicate good agreement between 
the two tests throughout the range of 
Stresses studied. It should be noted 
that the fatigue strength of this lot of 


MEAN STRESS (Sm), 


Effect of Mean Stress on the Range of Stress in Unsymmetrical — 
Repeated Bending. 


60 000 80 000 100000 120000 > 


from unsymmetrical bending studies on 
the grade A phosphor bronze strip are 
shown in Fig. 9. These data indicate 
that when the maximum stress amplitude 
is below the yield strength of the material 
the safe range of stress is essentially 
constant for bending fatigue tests. This 
agrees with the previous findings of 
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Gohn and Ellis (2) and is more clearly 
illustrated by Fig. 10 which shows the 
results of the present tests and _ pre- 
viously reported data on two other strip 
materials. At maximum stress ampli- 
tudes above the yield strength, the safe 
range of stress falls off in the direction 
predicted by the Goodman analysis. 
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testing machine at speeds as high as 
3000 rpm. 

Satisfactory agreement was obtaine/ 
in one series of tests for the fatigue 
characteristics of grade A_ phosphor 
bronze strip as determined at zero mean 
stress on the new fatigue machine as 
compared with the results of fatigue 
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SUMMARY 


A multi-specimen fatigue machine 
has been developed which will permit 
the testing of 24 strip specimens in bend- 
ing at various mean stresses ranging 
from zero to a maximum corresponding 
to a deflection of 2 in. As many as 
twelve different mean stresses may be 
used simultaneously with any given 
alternating stress superimposed thereon 
provided the total deflection (mean plus 
alternating component) does not exceed 
2 in. Counterweights added to reduce 
the unbalanced loads and adequate 
lubrication permit operating the fatigue 


Mean Stress Diagram for Ranges of Repeated Bending Stresses 


E TENSILE STRENGTH (Sy) 


tests on the same material when tested 
on the fatigue machine described by 
Townsend and Greenall (3). For th 
grade A phosphor bronze strip, the sal 
range of stress at 10° cycles of alternating 
stress was constant for maximum stres 
amplitudes not exceeding the yield 
strength. ‘This agrees with the previous 
findings of Gohn and Ellis (2) on two 
other non-ferrous strip metals tested 
bending at various meanstresses. Abovt 
the yield point, the safe range of stres 
decreased in the direction predicte’ 
from the Goodman diagram. © 
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Mr. H. FF. Mooret.' —I was especially 
interested in the modified Goodman 
diagram shown in Fig. 10 of the paper. 
Several proposed modifications of the 
original Goodman diagram have been 
proposed, and test data for repeated-tor- 
sion tests and for repeated-bending tests 
show that in some cases the constant 
range does seem to hold better than the old 
1.50 variation from complete reversal to 
from zero to maximum. 

I have no reason to doubt the ac- 
curacy of the test here—whether it 
would hold on thicker material I am not 
quite so sure. We still have considerable 
to learn the formula which we 
shall use for our Goodman diagram or its 
modification for larger specimens and I 
hope that soon we will get some data on 
that subject. 

Mr. T. J. Dotan.’-The authors are 
to be congratulated on the very ingenius 
machine for testing these small specimens 
of thin sheet stock that are very difficult 
to handle. 

Their problem in connection with the 
fatigue properties under varying ranges 
of stress is a rather important one, and 
there has been a good deal of discussion 
in the past about the modified Goodman 
diagram and other means of predicting 
fatigue strengths under ranges of stress 
that are not completely reversed. 

As Mr. Gohn knows, I have disagreed 
with him once or twice on his term “un- 
symmetrical bending” because, unsym- 
metrical bending generally is accepted as 


about 


1 Research Professor of Engineering Materials, Emeri- 
tus, University of Illinois, Urbana, Ill. 
2 Research Professor of Theoretical and 


Applied 
Mechanics, University of Illinois, Urbana, II. 


meaning bending in which the plane of 
the loads is nof an axis of symmetry (or 
principal axis of inertia) of the specimen 
(and hence lateral bending also occurs)? 
The authors have used the term “un- 
symmetrical” to imply lack of symmetry 
of the stress-time pattern with respect 
to a zero level of stress. 

I should like to indicate one possibl 
reason why data for bending such as 
those presented in the paper may shows 
a constant range of stress for varying 
mean stresses whereas those tabulate 
by J. O. Smith* for axial load fatigue 
tests indicate a closer agreement with a 
modified Goodman diagram. 

In the accompanying Fig. 11 the ord- 
inates represent the bending moment on 
a rectangular beam, divided by the bend- 
ing moment at the yield point—for a 
material such as a low carbon steel that 
has a horizontal tangent at the yield 
point.2 The abscissas represent the 
strain at the yield point. 

At the ordinate (and abscissa) 0! 
unity, conditions of yielding are reached 
in the extreme fiber. However, as the 
bending moment is increased the mo- 
ment-strain curve deviates very littl 
from a straight line to somewhat higher 
values of moment. For a rectangular 


‘See for example, Chapter VI of F. B. Seti} 
“Advanced Mechanics of Materials,’’ John Wiley & 
New York, N. Y. (1932) 

‘James O. Smith, “The Effect of Range of Stress © 
Fatigue Strength of Metals, Bulletin No. 334, 
ing Experiment Station, University of Illinois | 4 

See for instance: Discussion by O. Sidebotton 
T. J. Dolan of “Effect of Stress Distribution on 110. 
Points,’ Transactions, Am. Soc. Civil Engrs., 
pp. 1230-1238 (1947); or D. Morkovin and O. Sidebottom 


“The Effect of Non-Uniform Distribution of Stress 
Yield Strength of Steel,’’ Bulletin No. . 
Experiment Station, University of Illinois 


372, Engineetiné 
(1947). 
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beam the bending moment at which the 
curve approaches a horizontal asymp- 
tote is about 15 times the bending 
moment at the yield point. 

It will be noted that the majority of 
tests plotted in Fig. 9 of the paper were 
at stresses above the proportional limit 
of the material. Since this material does 
not have a definite yield point, the mo- 
ment-strain curve would deviate even 
less markedly from a straight line than 
the curves in Fig. 11 as the bending 
moments are increased above the pro- 


somewhat lower than these nominal 
stresses. If, in Figs. 9 and 10, one could 
determine the true alternating stresses, 
they would be lower than the nominal 
stresses by amounts depending upon the 
magnitude of the mean stress, and might 
thus show a decrease in allowable range 
of stress as the mean stress was increased. 

I offer this merely as a possible ex- 
planation for some differences in the 
literature between tests in bending which 
indicate a constant range of stress for 
fracture at different mean stresses and 
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portional limit. However, if one were to 
obtain a bending moment of, say, 1} 
times the yield point in Fig. 11, the com- 
puted (nominal) stress would be 1 times 
the yield point stress, whereas the true 
(or actual) stress in the material would 
femain at the level of the yield point as 
indicated by the horizontal line whose 
ordinate is unity. 

In the paper the bending moments 
have been converted to nominal flexural 
Stresses and plotted as ordinates in Fig. 9, 
Whereas the true stresses may have been 


those tests under axial load which indi- 
cate that smaller alternating components 
of stress will produce fracture if the mean 
stress is increased. 

Mr. G. R. Goun (author’s closure).— 
In answer to the question raised by Mr. 
Moore, we have no brief either for the 
original Goodman diagram or for the 
modified Goodman diagram. We are 
trying to get data which can be used in 
our designs without any factor of safety 
and we want to know where the minimum 
and maximum stress amplitudes lie for a 
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given mean stress. Perhaps after enough 
data are accumulated on a number of 
materials we can develop a theory to fit 
the data. 

Mr. Dolan has offered a very reason- 
able explanation as to why results such as 
ours obtained from bending tests differ 
from the results reported by J. O. Smith 
for axial load tests. Perhaps others may 
be induced to continue studies of this 
type so that this explanation may be 
verified. Some of my mathematically in- 
clined friends were asked to compute the 
stresses in the test specimens for various 


deflections known to be sufficiently large 


to stress the phosphor bronze above the 
yield point. They have reported that the 
difference between the calculated stress 
and the corresponding value as shown in 
Fig. 9 differed by no more than the de. 
viation of the stress-strain curve from 
the straight line representing the modu- 
lus of elasticity. In the range of stresses 
used in these tests, this difference was 
quite small. It would, however, be some- 
what greater on a true-stress true-strain 
basis, but the difference would be less 
for a material like phosphor bronze than 
for the mild steel discussed by Mr. Dolan: 
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THE TIME DELAY FOR THE INITIATION OF PLASTIC 


DEFORMATION AT RAPIDLY APPLIED 


CONSTANT STRESS* 
By D. S. CLarxK! D. S. Woop! 


SYNOPSIS 


The design and construction of a special rapid-load testing machine is de- 


scribed with which tensile loads may be applied to a specimen within 5 milli- f 
seconds and longer. Tests made on an annealed low-carbon steel are pre-— 


sented and discussed in detail. 


delay time depends upon the applied stress. Experimental results obtained 
on five materials for which the stress-strain curve does not exhibit a defi- 
nite yield point are briefly presented. No time delay for the initiation of 
plastic deformation is observed for these materials. It is concluded that 
the time delay is associated with the yield point of mild steel. 


Many investigators have studied the 
effects of rate of application of load and 
rate of deformation on the mechanical 
properties of metals and alloys. Most 
of these investigations were made at 
rates that may be obtained with screw- 
driven testing machines. A few of the 
more recent studies of this type are those 
of Winlock and Leiter (1, 2)?, Davis (3), 
Elam (4), and Miklowitz (5). Mann (6, 7), 
Clark and Datwyler (8), Clark (9), Man- 
joine and Nadai (10), Parker and Fergu- 
son (11), DeForest, MacGregor, and 
Anderson (12), and others have studied 
these effects at the much higher rates of 
deformation obtained in tension impact 
tests. However, Clark and Duwez (13) 
ave shown that the yield stress cannot, 
with any degree of reliability, be deter- 
mined from force-time curves obtained 
ina tension impact test. ‘This is related 
to the effects of the elastic and plastic 
‘train waves which propagate through 


* Presented at the Fiftv- 
te Society, June Annual Meeting of 
Research, Ant Professor of Mechanical Engineering and 
respectively, California Institute of 
1The Calif. 
st of rel pidiace numbers in parentheses refer to the 
‘erences appended to this paper, see p. 734. 
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It is shown that a definite time delay is — 
recuired for the initiation of plastic deformation in this material and that this 


the specimen and the elastic waves in the 
force-measuring device. 

In addition to the effects of rate of ap- 
plication of load and rate of deformation, 
the mechanical properties of materials 
are functions of time explicitly. The 
time effect has been extensively studied 
in creep and stress-rupture tests at ele- 
vated temperatures, and at very low 
stresses in studies of the “‘anelastic” or 
“elastic after working” phenomena. 
However, very few studies of the time 
effect have been made at stresses exceed- 
ing the room temperature static elastic 
limit. 

The purpose of this paper is to describe 
equipment which has been developed 
for making tension tests in which the 
stress is applied rapidly to values above 
the static elastic limit and maintained 
at a specified stress and to present some 
of the experimental results that have 
been obtained. ‘The results of tests are 
given for several alloys, but the greatest 
interest is attached to a material for 
which the static stress-strain curve shows 
a distinct yield point. 


= 


EQUIPMENT 


Rapid-Load Testing Machine: 


In this investigation it was desired to 
apply a tensile load in as short a time as 
possible and in such a way that the stress 
would be substantially uniform through- 
out the gage length of the specimen at 


Fic. 1.—Rapid-Load Testing Machine. 


any given instant. The required load- 
time relation consists of a continuous 
increase of load over a short finite period 
of time, followed by a period of indefinite 
length during which the load remains 
constant at the maximum value attained 
during the test. The length of the speci- 
men must be short enough and the rate 
or rise of load low enough so that the 
stress at any given instant is uniform 
over the gage length of the specimen to 
a close approximation. The term “rapid 
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loading” is used by the authors to distin. 
guish this type of loading from impact 
loading. In the latter case the stress 
distribution is not uniform along the 
gage length of the specimen. 

A simple mechanical arrangement 
which will produce a load-time relatio; 
of the desired form is a critically damped 
vibratory system having one degree of 
freedom. If the mass of such a systemis 
subjected to a step function force, the 
force in the spring increases in a con- 
tinuous manner and reaches the applied 
force in a minimum of time without over- 
shooting. Critical damping is obtained 
when 


C = 
where: 
C = coefficient of viscous damping, 
K = spring constant, and 


M = mass of the system. 

If a force, Fo, is suddenly applied to the 
mass at the time / = 0, then the force, F, 
in the spring is given by 


~(t/a) 
F =F, 7 (1 4 |. 
7 


and e is the base of natural logarithms. 
Since the spring force, F’, approaches the 
applied force, Fo, asymptotically, it i 
desirable to adopt some convention | 
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specify the total rise time, 7. One such 
convention is the time between the inter- 
sections of the maximum slope tangent to 
the curve of / versus ¢ given by Eq. 2 
with the coordinate lines F = O and 
f= Fy. It can be shown that this time 
is given by © 


Actually F reaches between 75 and 80 
percent of Fy in the time 7. The rapid- 
load testing machine described in this 
paper was designed to approximate the 
simple system discussed above, with the 
‘st specimen forming a part of the 
‘pring. A view of the machine is shown 
in Fig. 1. The test specimen (Fig. 2) 
Supported in the upper portion of the 
machine by spherical seats. A loading 
piston is attached to the specimen by a 


piston rod and spherical seats. 


Air pres- 
sure in the 


upper portion of the loading 
piston cylinder provides the load. Be- 
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Fic. 3.—General View of Equipment. 


low the loading piston is a chamber com- 
pletely filled with a glycerine-water mix- 
ture. This fluid chamber is closed at its 
lower end by a small actuating piston. 
Within the fluid chamber is the damping 
unit, consisting of a nest of small tubes 
through which the fluid flows when the 
two pistons and fluid move downward 
during loading. The actuating piston is 


controlled by a linearly sliding actuating 
cam. ‘The upper surface of the cam, on 
which the actuating piston is rei Ag? 
by means of the actuating plunger, i 
divided into two horizontal surfaces at 
different levels connected by a short sur- — 
face inclinedat 45deg. Thecam, operat-_ 
ing as a Scotch yoke, executes a single 
stroke whena rotary-driving mechanism is 
triggered. The cam speed is controlled 
by armature voltage control of the direct- 
current motor of the driving mechanism. 
Two flywheels are incorporated in the 
drive to maintain constant rotational 
speed while the cam is in motion. 
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The machine is operated as follows: 
Initially the air and fluid pressures are 
equalized. Then, at any desired time, 
the cam mechanism is actuated. As 
the sloping portion of the cam surface 
passes under the actuating plunger, the 
actuating piston moves downward, re- 
leasing the fluid pressure and thus load- 
ing the specimen. ‘The cam speed deter- 
mines the rate of application of load for 
all rates up to a certain maximum. If 
the cam speed is greater than that corre- 
sponding to the maximum possible rate 
of loading, the actuating plunger will not 
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o 

t t t 
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Velocity, 


Fic. 4.—Velocity Profiles r/ro versus v/v at 
Various Times ¢t/r. 


follow the sloping cam surface. This 
mode of operation is called “free load- 
ing,” and the load-time relation to which 
the specimen is subjected is of the form 
given by Eq. 2. During the loading 
period the viscous flow of the fluid 
through the damping unit provides the 
necessary damping of the system. After 
the fluid pressure has been completely 
released, the constant preset air pressure 
above the loading piston maintains the 
load acting on the specimen at a constant 
value, except in certain instances which 
are discussed below. Figure 3 shows the 
machine, together with the driving mech- 
anism and air and fluid control panel. 

All of the members of the machine 
which support the load, including the 
test specimen, form the equivalent spring 
of the system. The equivalent spring 
constant, K, for the rapid-load testing 
machine was computed to be about 
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500,000 Ib. per in. when a steel specimen 


isused. The equivalent mass, M, of the 
machine is given by 


\2 
M = zm( (5 


where m is the actual mass of any por. 
tion of the machine, the motion of which 
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Fic. 5.—Dynamometer. be 


is coupled with that of the loading piston 
and v/v, is the ratio of the velocity of th 
mass element, m, to the velocity of th 
loading piston. Using Eq. 5, M wa 


540 lb. 
computed to be wenn where g is thi 


acceleration due to gravity. 

The cross-sectional area of the portiot 
of the fluid chamber which contains tt f 
damping unit and the actuating piston I 
one tenth the area of the loading pisto 
The resulting ten-fold increase of the 
motion of the actuating piston and t 
ten-fold reduction in the force acting 
it facilitate proper control of loading ») 
the cam. Also the increased fluid veloc 
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ity through the damping unit allows 
critical damping to be obtained within a 
reasonably short length of the tubes. 
These advantages are obtained at the 
expense of increased equivalent mass. 

If steady state viscous flow takes place 
in the damping unit, the damping coeffi- 
cient, C, is given by 


Lp Aj 

c=8 (6) 
wheres 
L = length of the tubes, 
u = absolute viscosity of the fluid, 
r, = inside radius of the tubes, 
A, = area of the loading piston, and 
A = total cross-sectional area of the 


tubes. 
Actually the flow in the damping unit is 
not steady flow, so Eq. 6 does not strictly 
apply. However, it can be shown that 
if the inside tube radius, 7, is small 
enough, steady flow conditions can be 
obtained in a time which is small com- 
pared to the rise time, J. In this case 
Eq. 6 will provide a good approximation 
to the coefficient of viscous damping. 

The tube radius, 79, that will insure 
steady flow within a sufficiently short 
time compared to the rise time, 7, can 
be selected by means of the following 
analysis. A circular pipe filled with a 
stationary viscous fluid is suddenly sub- 
jected to a pressure difference, p, across 
its ends. The pressure is then main- 
tained constant. It is required to in- 
vestigate the resulting flow as a function 
of time and to determine the time re- 
quired to reach steady flow conditions. 
The following assumptions are made to 
facilitate the treatment of the problem: 

(1) The length of the pipe is much 
seater than its diameter, hence, end 
tlects may be neglected and the stream 
‘ines are straight and parallel to the pipe 
axis, and 

(2) The fluid is incom 


The boundary conditions to be satis-_ 
fied are: 


(1) The velocity, v, is always zero at 


the pipe wall, r = ro, 

(2) The velocity is everywhere zero at — 
the time / = 0, and 

(3) At the time ¢ = 0, a pressure dif- 
ference, ~, is applied across the 
ends of the pipe and is constant 
thereafter. 


--—, The equation of motion of the fluid is — 


where r is the radial position of any fluid 
particle, p is the fluid density, and the 
other terms have been previously defined. 
A solution of Eq. 7 which satisfies the 
boundary conditions is . 


n=1 Yn Ji(¥n) 


steady flow, Jo and J; are Bessel func- 
tions of the first kind of order 0 and 1 
respectively, y, are the roots of Jo in 
ascending order of magnitude, and 


where Vo is the average fluid velocity - 


is a characteristic time constant of the 
system. Velocity distributions in the 
pipe for several values of the time 


l 
parameter, ~, have been computed from 
T 


Eq. 8 and are shown in Fig. 4. The 
steady state parabolic velocity profile is 


l 
given by the curve marked = @, It 
is seen that steady flow conditions are 


nearly reached in the time —— 0.3. 


The design constants used for the 
damping unit were 
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At, 


p= = Ib. per cu. in. = 1.17 K 10-4 
Ib. in.~* sec.?, 

uw = 600 centipoises = 8.7 XK 10° lb. 
in.~* sec. (96 per cent glycerine- 

water mixture). Using Eq. 9 and the 


criterion - = 0.3, and choosing a tube 
T 


radius (ro) of 0.0395 in., the time to reach 
steady flow is found to be ¢ = 0.63 milli- 
sec. This time is small compared to the 


Test Specimen 


Strain 
Gages 
Fic. 6.—Extensometer. 
rise time JT = 4.6 millisec. computed by 
Eqs. 3 and 4 using the values of K and M 
given above. Therefore ro has been 
chosen to be small enough so that the 
coefficient of viscous damping, C, may 
be computed from Eq. 6 to a good ap- 
proximation. 

The value of C required for critical 
damping is given by Eq. 1. For a steel 
specimen this is 1.67 X 10° lb. sec. per in. 
The design of the machine is such that 
the value of C obtained from Eq. 6 can 
be made equal to the value given by Eq. 1 
by proper choice of the proportions of 
the glycerine-water mixture, thus pro- 
viding critical damping. The values of 
C obtainable in this way vary from ap- 


proximately 3 X 10% lb. sec. per in. to 
3 lb. sec. per in. when the mixture js 
varied from 100 per cent glycerine to 10 
per cent water respectively. 

The rapid-load testing machine is de. 
signed to apply any load up to a mazi- 
mum of 10,000 lb. to the test specimen. 
The desired load is obtained by proper 
choice of the operating air pressure, 


Fic. 7.—Test Specimen, Dynamometer, and Ex. 
tensometer in Rapid-Load Testing Machine. 


Strain in the specimen is limited to 4 
maximum of 5 per cent by the limite 
travel of the actuating piston. 


Instrumentation: 


The load and elongation of the te 
specimen are measured as functions of 
time during each test. A dynamometé 
and an extensometer employing ress 
ance-sensitive wire strain gages, together 
with suitable cathode-ray oscilloscop 
equipment, are used for the measu¥ 
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ments. The dynamometer shown in elongation of the specimen. Two 500- 
Fig. 5 forms the upper specimen gripand ohm SR-4 gages are cemented to the ten- 
incorporates a spherical seat. Baldwin sion side of each of these beams. The 
Southwark SR-4 gages are cemented to extensometer is calibrated in a fixture 
the hollow cylindrical section between with which known changes of length may 
the spherical seat and the specimen be applied to it by means of a micrometer 
threads. A protective cover is provided screw. The resistance changes accom- 


. 
Record No. 4: Elastic Specimen, —— Record No, 2.: Elastic Specimen, 
nd Ex- Free Loading, Free Loading, 
bine. Time Base: 500 cycles per sec., Time Base: 200 cycles per sec., 
Final Stress: 34,400 psi. } Final Stress: 52,400 psi. 
Time to First Peak: 4.0 millisec. 


to 4 
mite? 


Fic. 8.—Test Records of Elastic Loading. 


forthe gages. Calibration of the dynam-  panying elongation are measured with a 
ometer is made in terms of load versus Wheatstone bridge. The extensometer 
resistance change using a conventional is designed so that the frequency of the 
testine machine and a Wheatstone lowest normal mode of vibration of the 


e test bridge. beams is 1000 cycles per sec. A view of 
ons 0 The extensometer, shown in Fig. 6, the test specimen, dynamometer, and 
omete’ B “NSists of two essentially identical units extensometer mounted in the rapid-load 
resist: clamped together across the test speci- testing machine is shown in Fig. 7. T he 
pgethet men. two knife edges in each unit lower specimen grip containing a spheri- 
osc Pe V grooves in the specimen cal seat is also shown. 

ual oulders. Each unit contains a thin The dynamometer and extensometer 


steel beam which is bent elastically by are connected in conventional bridge cir- 
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cuits which are energized by batteries 
and contain provisions for introducing 
known resistance changes as a means of 
calibrating the records. The recording 
system consists of two identical channels. 
Each channel contains a pre-amplifier, 
RCA Type 327 A cathode-ray oscillo- 
scope, special single sweep generator, 
time calibration oscillator, and a camera. 
The amplifying system is direct coupled, 
and sweep times ranging from 1 millisec. 
to 10 sec. may be obtained. Records are 
made on 35-mm. film using f:1.5 lenses. 
Each record consists of three oscilloscope 
traces on one film, namely, 

1. The time calibration obtained by 
means of a trace of a wave of known 
frequency; 

2. The vertical step calibration trace 
corresponding to a known resistance 
change in the dynamometer or the 
extensometer; 

3. The force or elongation trace pro- 
duced in the test. 

The three traces occur within a period of 
about 30 sec. 

Statistical studies of controlled calibra- 
tion experiments using this recording 
equipment indicate that the uncertainty 
in stress and strain measurements is not 
more than 4 per cent. The uncertainty 
in time measurements is about 1 per cent. 
An absolute error of not more than 10 per 
cent may occur in measurements of plas- 
tic strain because the strain is computed 
from the extensometer records neglecting 
any plastic strain which may occur in the 
fillets of the specimen. However, the 
static stress-strain relations for the mate- 
rials tested were determined in such a 
way that the same error was introduced. 
Therefore, the difference between strain 
determined from rapid-load tests and 
strain determined in static tests is not 
subject to this error. An experimentally 
determined correction was made in all 
tests for the elastic strain occuring in the 
fillets and shoulders of the specimens. 
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Experimental Performance of the Rapid. 


Load Testing Machine: 


To check the actual performance of the 
machine, several tests were made using a 
hardened alloy steel specimen stressed 
within its elastic range. The actuating 
cam of the machine was operated at such 
a speed that “free loading” occurred, 
Photographic reproductions of the rec- 
ords from two such tests are shown in 
Fig. 8. In Fig. 9 these two load-time 
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Fic. 9.—Load versus Time for Elastic Specimens 
and Free Loading. 


records are plotted quantitatively ant 
compared with the theoretical curve 
given by Eq. 2. For record No. 4 the 
viscosity of the fluid in the machine was 
about 400 centipoises while in recor 
No. 2 it was about 1000 centipoises 
Since the theoretical viscosity for critic 
damping is 600 centipoises, as give 


above, record No. 4 should show less than 
critical damping and record No. 2 mote 
than critical damping. Figure 9 show 
the experimental verification of this oo 
clusion. From these results it is evides! 
that a close approximation to the ans 
damping can be obtained by proper # 
justment of the fluid viscosity. 
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0.19 per cent 
80 000 | 0.43 per cent 


a — TX This material was hot rolled to bars 3 in. 
d in diameter from a single billet. Speci- 
ig 540 000 men blanks 4 in. long were cut from the 
E bars and annealed by heating to 1625 F. 


for 2 hr. ina Leeds & Northrup Vapocarb 
20 000} furnace. They were furnace cooled, re- 
quiring approximately 12 hr. to reach 


ne room temperature. Specimens were ma- 
0 chined from the annealed blanks in a 
” lathe. Four static stress-strain curves 
Strain, per cent ( curv! 
Fic. 10.—Static Stress versus Strain for 0.19 per ig. 10. 
— cent Carbon Annealed Steel. The -rapid-load tests were made at a 
; controlled rate of loading of approxi- 
mately 5 X 10° psi. persec. Thestresses _ 
| Annealed Low-Carbon Steel: applied ranged from about 37,000 psi. to — 
‘ A series of rapid-load tests was made about 50,000 psi. Thus the time to 
4 ona 0.19 per cent carbon annealed steel reach constant stress was 10 millisec. or ) 
for which the mill analysis is as follows: _ less in all tests. 
w 
cimens 
TiME—> 
and 
curve 
4 the 
1e Was 
recor 
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TIME 


TIME 
Record No, 33: 0.19C Annealed Steel Record No. 43: 0.19C Annealed Steel 


Fie Base: $0 cycles per sec, : Time Base: 20 cycles per sec. 
esd psi. Stress 39,400 psi. 
Loading Rate: 5X10° psi. per sec. Looding Rate: 5 X 10° psi. per sec. 


Calculated Strain: 1.62 trai 
A > : 1.62 per cent Calculated Strain: 1.62 per cent 
Plastic Strain Delay Time: 0.056 sec. Plastic Strain Delay Time: 0.47 sec. > 


Fic. 11.—Test Records—0.19 per cent Carbon Annealed Steel. 
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Fic. 12.—Stress versus Time to Initiate Plastic Deformation for 0.19 per cent 
Carbon Annealed Steel. 
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Carbon Annealed Steel. 


: 
Chane AND Woop q 
60 000 
: 
50 000 | 
| | | | | | 
| 20 000 | 
| | | 
il | 
10 000 | 
| 
| 
02 
| 
n 
t 
j te 
ti 


| 


On Tre DELAy FoR INITIATION OF PLASTIC DEFORMATION 727 


Photographic reproductions of the test 
records from two of these tests are shown 
in Fig. 11. It is apparent. from these 
records that a definite period of time is 
required for the initiation of plastic de- 
formation at a substantially constant 
stress. This confirms the results of a 


preliminary investigation made by 


50 000 


ing the period of constant elastic defor- 
mation. The time to initiate plastic 
strain is the time during which the elastic 
deformation is essentially constant. The 
line in the figure was drawn through the 
experimental points by eye. The time 
to initiate plastic strain is seen to range 
from 5 millisec. at a stress of about 51,000 


Stress, psi 


~ 
8 


| 
| Numbers Neor Points Indicate 
Time, milliseconds, After 
Beginning of Loading 


+ 


Strain, per cent 
Fic. 14.—Stress versus Strain for Three Rapid Load Tests on 0.19 per cent 
Carbon Annealed Steel. 


Duwez, Martens, and Clark (14). Ini- 
tially the elongation increases elastically 
as the load is applied. Both the load 
and elastic elongation remain constant 
for a well-defined period of time, then 
deformation begins abruptly and_pro- 
gresses at a constant rate for some time, 
after which the rate gradually decreases. 
The load decreases slightly when plastic 
deformation begins, but remains approxi- 
mately constant during the period of the 
constant plastic deformation rate. At 
the end of that period the load rises again 
\o Its original constant value. 


Experi 
Xperimental points of “stress versus 


lime to initiate plastic strain” obtained 
in 25 tests are plotted in Fig. 12. The 
Stress plotted is the constant stress dur- 


3 4 5 


psi. to 6 sec. at a stress of about 37,000 
psi. The line drawn in Fig. 12 is very 
nearly represented by the relation ¢ = 
4.0 X 10-+( , where ¢ is the 
time to initiate plastic strain in seconds, 
a is the applied stress, and a, is the static 
lower yield stress. The straight line 
representing this relation in a log-log plot 
is shown in Fig. 13. 

A time delay for the initiation of plas- 
tic deformation has been observed in two 
tests made with a conventional beam 
weighing testing machine. A predeter- 
mined load was set on the beam scale. 
This load was applied in a few seconds, 
bringing the beam to balance without 
overshooting the load. In one test a 
stress of 34,300 psi. was applied. After 
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86 sec. at this stress, the beam suddenly 
dropped, indicating the initiation of 
plastic deformation in the specimen. In 
the second test the time to initiate plastic 
strain was found in this way to be 615 sec. 
at a stress of 33,700 psi. A few attempts 
to obtain additional results of this type 
were unsuccessful. The plastic strain 
occurred immediately upon loading, or 
had not occurred after as long as 30 min. 
Evidently the phenomenon is difficult to 
control by the rather crude technique 
used because of the large difference in the 
delay time for a small difference in stress. 

The drop in load which takes place in 
the rapid-load tests when plastic defor- 
mation begins corresponds to the drop 
of the beam is a quasistatic test. As in 
static tests, it is due to the combined 
effects of the testing machine and the 
material tested. In the rapid-load tests, 
the motion of the fluid in the machine 
during the period of rapid plastic strain- 
ing causes a viscous friction pressure rise 
across the damping unit. This raises the 
fluid pressure below the loading piston, 
thus decreasing the load acting on the 
specimen. Several investigators have 
studied the effects of characteristics of 
other types of testing machines, particu- 
larly the influence of their rigidity upon 
the drop in load from the upper to the 
lower yield points in mild steel. Davis 
(3) and Miklowitz (5) have studied these 
effects recently. 

It has been recognized for some time 
that in the yield region of mild steel the 
strain in the specimen is discontinuous. 
Duwez, Martens, and Clark (15) and 
Miklowitz (5) have shown that to a first 
approximation the full yield strain ap- 
pears first at one or more points of stress 
concentration in the specimen. With 
continued stretching the boundaries of 
the plastically deformed regions advance 
through the specimen until the entire 
gage length is occupied by the yield 
strain, At that point the cold hardening 
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region of the stress-strain curve js 
reached, and subsequent plastic defor. 
mation occurs uniformily over the gage 
length of the specimen. It has also been 
found (1, 2, 3, 5) that the magnitude of 
the yield strain and the stress at whichit 
takes place are increased by increasing 
the rate of deformation. 

From the records of a given rapid-load 
test, the path followed by the material 
in the stress-average strain plane may be 
determined. Three such stress-strain 
paths are shown in Fig. 14, where they 
are compared with the results of static 
tests. These stress-strain paths are simi- 
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Fic. 15.—Stress During Initial Plastic Stra 
versus Initial Plastic Strain Rate for 0.19 per 
cent Carbon Annealed Steel. 


lar to those obtained by Miklowitz (5 
It was observed that the horizontal por- 
tion of each of the curves of Fig. 14 corre 
sponds to the region of constant plast 
deformation rate in the corresponding 
elongation-time record. ‘Therefore it © 
reasonable to assume that the observe! 
period of constant plastic deformatio 
rate isa consequence of the propagatio! 
of one or more yield strain fronts along 
the gage length of the test specimen. — 
It would be interesting to determin 
the rate of propagation of the yield stra 
front as a function of stress. Howevet, 
Miklowitz (5) has shown clearly that = 
or more strain fronts may propagé* 
simultaneously, particularly at the hight 
stresses. Since in the rapid-load te 
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that are reported here, the number of 
yield strain fronts in any given test is not 
known, the velocity of propagation of the 
front cannot be obtained from the test 
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302 stainless steel are shown in Fig. 16. 
Plastic deformation begins during the 
early stage of load application. The 
relatively high initial plastic deformation 


TABLE I.—COMPOSITION AND TREATMENT OF TYPE 302 STAINLESS STEEL, S.A.E. 4130 STEEL 
24 S-T AND 75 S-T ALUMINUM ALLOYS. 


Analysis, per cent 


Material Description 
| C S P | Ni|Cu] Cr |Mo| Mg} Ti | Zn | Pb 
Type 302 stain- | 
steel.....| Tested in as-received condition 0. 18.23 
S. A. E. 4130 |) 
steel: |Heated at 1650 F. for 30 min.,| 
Bar No.1.... {air-cooled, machined 26/0. 5210. 33/0.025/0.016 0.81/0.16 
Bar No.2.... J 0. 30/0. 52,0. 28/0.021 0.020 0.87/0.21 
S. A. E. 4130 )Heated at 1650 F. for 30 min.,| 
steel: air-cooled. Heated at 1550 F.| 
for 45min.,oil quenched. Tem-! 
Bar No.7.... (pered at 675 F. for 45 min., oil 0.27/0.55 6. 32/0.026 0.018 0.81/0.16 
Bar No. 8....,}quenched. Finish ground. 0. 0.038 0.81/0.16 
24S-T Alumi- 
Heated at 925 F., with 2 hr 10 0.59,0.14 0.00/4.34) 0.02 
min. above 910 F. | 
Alumi- 
num..... Heated at 910 F. for 1 hr. 10 0.12 0.14 1.57} 0.21 0.31/2.70,0.05/5.62 
min Aged at 250F. for 24 
hr. 10 min. 


data. Figure 15 is a plot of the stress 
during initial plastic deformation rersus 
the initial plastic deformation rate, ex- 
pressed as the rate of strain averaged 
over the gage length. The rather wide 
scatter of the points, especially at the 
higher rates of strain, is probably due to 
multiple yield strain fronts in the 
specimen. 


Other Materials: 


Rapid-load tests have also been made 
on a type 302 stainless steel, S.A.E. 4130 
normalized steel, S.A.E. 4130 quenched- 
and-temperated steel, 24S-T aluminum 
alloy, and 75S-T aluminum alloy. The 
analyses of these materials and their 
\reatment is given in Table I. None of 
these materials exhibit a definite yield 
polnt, their static stress-strain curves 
are everywhere concave downward. 
The rapid-load tests show that no delay 
occurs for the initiation of plastic defor- 
mation. 

A photographic reproduction of the 
records obtained in one test on the type 


STRESS 


Fic. 16.—Test Records—Type 302 
Stainless Steel. 


Record No. 13: 18-8 Stainless Steel, 

Time Base: 20 cycles per sec., 

Stress: 55,600 psi. 

Loading Rate: 5 X 10¢ psi. per sec. 

Max, Strain: 2.2 per cent - 
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rate delays the attainment of the final 


load on the specimen. This is due to the 
same characteristic of the rapid-load ma- 


_ chine which causes the drop in the load 


in tests on annealed low-carbon steel. 
The stress-strain paths followed during 
three rapid-load tests on type 302 stain- 
less steel are shown in Fig. 17. Static 
stress-strain curves are shown for com- 
parison, and considerable increases in 


_ stress are noted in the rapid-load tests. 


The records have been analyzed to 


‘indicate the stress versus strain relations 


at specific times after the beginning of 


loading. While the resulting curves are 
_ similar in character to those presented in 
_ Fig. 17, they should not be confused with 


the latter. The curves of Fig. 18 repre- 
sent the stress versus strain obtained in 
the several tests for specific times after 
the beginning of loading. The points 
are obtained by determining from the 
experimental records the stress and cor- 
responding corrected strain for the 
chosen time. A mean line was then 
drawn through the points. The stress 
and time corresponding to different 
values of strain can be determined from 
these curves. The results of such an 
analysis are presented in Fig. 19. The 
static test stresses corresponding to the 
selected strains are also indicated in the 
figure. 

The results obtained on the normalized 
S.A.E. 4130 steel, the quenched-and- 
tempered S.A.E. 4130 steel, the 24S-T 
aluminum alloy; and the 75S-T alumi- 


num alloy are similar to those obtained 


with the type 302 stainless steel. How- 
ever, little or no increase of stress was 
observed under the rapid-load tests. 
The stress-strain paths followed by these 
materials in rapid-load tests are shown in 
Figs. 20, 21, 22,23. The curves of stress 
versus time at various constant strains 
cannot be drawn for these materials as 


was done for the type 302 stainless steel 


since the stresses are not significantly 
different from the static values. 
Tests have also been made in this labo- 
ratory on two mild steel ship plates, 
These materials have static stress-strain 
curves that exhibit definite yield points, 
The results of rapid-load tests on these 
materials are similar to those reported 
here for the 0.19 per cent carbon steel, 


200 000 
150000 
Oo 
0.2 per cent Offset 
64/4 | 
6 
a | 
% 100000 | 
| 
Specimen 
a 15 
4 "9 
50000 — 
Numbers Near Points Indicate 
Time, milliseconds, After 
/ Beginning of Loading 
| | 


05 1.0 15 
Strain, per cent 


Fic. 21.—Stress versus Strain for Three Rapid- 
Load Tests on S.A.E. 4130 Steel, Quenched and 
Tempered. 


SUMMARY AND CONCLUSIONS 


The rational design of a rapid-load 
tension testing machine has been pre- 
sented. The results of performance tests 
show that a tensile load may be applied 
to a specimen with this machine within 
minimum time of about 5 millisec. with- 
out overshooting and oscillation of load. 

Tests made with this machine on 2! 
annealed low-carbon steel show that 4 
definite time is required for the initiation 
of plastic deformation when. stresse 
above the yield point are applied. The 
time to initiate plastic strain in this mate- 
rial has been found to vary from 5 milli 
sec. at a stress of about 51,000 psi. to 
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sec. at a stress of about 37,000 psi. The 
static lower yield stress of the material 
was 31,000 psi. Indirect evidence, sup- 
ported by the results of other investiga- 
tions, is presented to show that the initial 
plastic deformation is propagated 
through the gage length by one or more 
yield strain fronts. This propagation of 
the yield strain takes place while the 
stress is nearly constant throughout the 
gage length of the specimen and constant 
in time. 

Tests made on five other materials, for 
which the static stress-strain diagram 
does not exhibit a yield point, have 
_ shown that plastic deformation occurred 
during the loading period and that no 
_ distinct delay time exists in such mate- 
rials. Some evidence exists to show that 
_ materials of this type require a longer 
: time at load to produce a given amount 
_ of plastic strain when the load is applied 
_ rapidly to values above the static elastic 
limit than when applied statically. 
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J. Winlock and R. W. E. Leiter, “Some 
Observations on the Yield Point of Low- 
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effect was negligible. | 

From these results it is evident that a 
definite time delay in the initiation of 
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Mr. M. J. Manjorne.'—This paper 


_ deals with the rate of application of a 
load on a material which has a definite 
yield point. Those who have seen mild 
- steel yielding know that this yielding is 
- quite a complicated mechanism of flow. 


G. 24.- 


STRAIN 
Yield Stress of a Mild Steel at Several 
Rates of Loading. 


This paper describes the averages of the 


st 


ress, strain, and rate of strain which 


occur before, on initiation of, and during 


yi 


elding. 
From the work of other investigators 


on the yielding of mild steel, there are 
some facts which have been brought out 
and checked. These facts are discussed in 
the paper and four of them can be sum- 
marized as follows: 


1. The yield stress is a function of the 


rate of loading. This has been pointed 
out by Davis in reference (3) of this 
paper. Davis loaded the specimen by 


1 Research Engineer Mechanics Dept., Westinghouse 
Research Labs., 
burgh, Pa. 


estinghouse Electric Corp., East Pitts- 


~~ 


means of a weight traveling on a lever 
arm so that the load on the specimen 
could not drop at the yield point. Thus 
the loading of the specimen is similar to 
that employed by the authors of this 
paper. 

2. The number of regions of yielding 
and the yield point strain increases with 
stress. In other words, as the rate of 
loading is increased and a higher yield 
stress is obtained, then a greater number 
of points of plastic flow are produced. 
These points unite into plastic zones which 
propagate through the entire working 
length. This fact is pointed out in refer- 
ences 1, 2, 3, and 5 of the paper. 

3. The rate of plastic flow, once yield: 
ing has been initiated, is a function of the 
stress. This has been shown by the 
writer* and by others as mentioned in the 
paper. 

4. The drop of the load at the upper 
yield points indicates that an instabilit) 
exists at this point and that initial plasti 
flow sets up stress concentrations whic! 
allow additional plastic flow at a lower 
external load. This presumes that the 
average strain rate is not increased. 

In the light of these points, let us 
analyze how the material will yield under 
a loading cycle similar to that described 
in the paper. The yield stress of a mild 
steel at several rates of loading is show® 
in the accompanying Fig. 24. 

When the specimen is loaded to pols! 
B above the static yield stress, C, até 
rate which will cause yielding at po!” 


, il, 
Applied Me-hani:s, Am. Soc. Mechanical Engrs. 
pp. A-211-218 (1944). 
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A, then there are some imperfections or 
stress raisers randomly located in the 
material at which the stress will be equal 
to that at point A. Submicroscopic slip 
begins at these planes and stress raisers 
are generated at the boundaries of these 
active slip planes, so that the yielding 
will propagate slowly until these slip 
planes unite into a band or zone. The 
strain accompanying the submicroscopic 
slip is too small to be measured by the 
usual extensometer, but their ‘effect can 
be detected by the electron microscopic 
and electron diffraction methods.’ Only 
when these bands or zones are formed is 
there a sufficiently large strain to be de- 
tected on the surface. The plastic zone 
will propagate in accordance to the points 
2,3, and 4. Thus the time delay recorded 
by the authors is the time necessary for 
the material to form a plastic zone by 
some process similar to the one described 
above. The higher the point B with 
respect to point A in Fig. 24, the greater 
will be the number of regions which will 
begin to yield and the shorter will be the 
time necessary to form the plastic zone. 

The authors are to be congratulated 
in presenting their data on the time delay 
for the initiation of the plastic zones, 
since this offers another opportunity to 


_ *R.D. Heidenreich and W. Stockley, “Study of Slip 
in Aluminum Crystals by Electron Microscope and Elec- 
‘ron Diffraction Methods,” Rep. Conf. Strength Solids 
Univ. Bristol, July 1947 Proceedings, Physical Society, 
London, pp. 57-74 (1948). 
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study the phenomena taking place in the 
yielding of mild steel. The above remarks 
are presented to point out that although 
there is a time delay for an external 
indication of plastic flow, the material 
is probably being deformed at submicro- 
scopic points according to that predicted 
by the theory. 

Messrs. D. S. CLARK AND D. S. Woop 
(authors’ closure).—The authors are 
grateful to Mr. Manjoine for bringing out 
the important observation that submicro- 
scopic slip must take place during the 
time delay for the initiation of macro- 
scopic yielding in mild steel. In fact the 
strain accompanying the submicroscopic 
slip may be detected on many of the 
strain-time records. This is shown by the 
small slope of the record during the delay 
time, as can be seen on record No. 33 
given in Fig. 11 of the paper. However, 
the sensitivity and accuracy of the strain 
determination is insufficient to permit 
quantitative determination of these small 
strains. 

The exact mechanism of the submicro- 
scopic slip, mentioned by Mr. Manjoine, 
and the manner in which it develops into 
the catastrophic yielding observed in 
mild steel have not been completely 
established as yet. The technique of test- 
ing described in this paper may provide 
additional means for further experi- 
mental study of these interesting ques- 


tions. 
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ELASTIC AND FRACTURE TOUGHNESS STUDIES OF A STAINLESS 


STEEL* 


By Cart W. MUHLENBRUCH! 


é 
SYNOPSIS 


Type 301 stainless steel sheet and rod of several tempers is shown to have 
great elastic and fracture toughness, the former being defined as the area under 
the stress-strain diagram at the yield strength and the latter as the area under 
the true stress-true strain diagram to the ultimate load. The theoretical frac- 
ture toughness thus determined is compared with actual values obtained from 
tension impact tests. It is shown that the elastic toughness of type 301 stain- 
less steel is equal to that of high-strength aluminum alloy on a weight-ratio 
basis and is much higher than that of S.A.E. 1020 or S.A.E. 2315 steel. The 
theoretical fracture toughness of annealed stainless steel is about three times 
that of 24S-T aluminum on a weight-ratio basis and three times that of S.A.E. 
1020 or 2315 steel. The fracture toughness of these materials as obtained from 
true stress-true strain diagrams is found to agree within 14 per cent with 
values determined from tension impact tests. The significance of both elastic 


and fracture toughness is discussed. 


The ability of an engineering material 
to resist shock loading is of particular 
importance in the design of aircraft, 
railway equipment, and trailer truck 
bodies. Recent extensive applications of 
stainless steel to parts thus loaded has 
led to the need of quantitative energy 
absorbing values for this material. The 
work described in this paper is intended 
to provide such data for type 301 stain- 
less steel. 

It has been shown by Mann’ that the 
static stress-strain relationshp can be 
correlated with impact data. This author 
indicates that the energy required to 


. * Presented at the Fifty-second Annual Meeting of 
the Society, June 27-July 1, 1949. 
1 Associate Professor of Civil Engineering, North- 
western Technological Inst., Evanston, Ill. 
2H. C. Mann, “The Relation Between the Tension 
Static and Dynamic Tests,’”’ Proceedings, Am. Soc. Test- 
ing Mats., Vol. 35, Part II, pp. 323-340 (193 5). 


fracture a material suddenly in tension 
can be found as the area under a “poten- 
tial” curve, based on true stress but con- 
ventional strain. The area under the con- 
ventional stress-strain diagram is taken 
as the external energy, dQ, and the area 
between this diagram and the true 
stress-conventional strain diagram 3 
taken as the internal energy, dP;. The 
sum of these two is the area under the 
true stress-conventional strain diagram 
and is shown to correlate almost pét- 
fectly with actual tension impact data. 

Mann also gives the effect of velocity 
of stress for four different materials and 
shows that there is practically no change 
in the energy required to fracture 4 
tension impact specimen when the veloc 
ity of the pendulum exceeds 10 ft. per 
sec., well within the velocity of 18.1 ft. 
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per sec. in these tests. It is also pointed 
out that the amount of energy in foot 
pounds per cubic inch varies with the 
size of specimen. The data indicate that 
when the length of the reduced portion 
of the specimen is two or more times the 
diameter, the effect of specimen size is 
not important. In this case the energy 
absorbed per cubic inch does not vary 
although the total energy increases with 
increased specimen size. 

Farren and Taylor* have shown that 
the energy expended as heat in stretching 
a metal may be as much as 90 or 95 per 
cent of the total. Mann, however, states 
that the total energy effects, including 
thermal, are practically the same under 
both static and dynamic loading. There- 


fore it is not necessary to correct for’ 


thermal energy when correlating static 
and impact data. Duwez and Clark‘ as 
well as Hoppmann® point out that if a 
“critical velocity” is exceeded in tension 
impact, low energy absorption is ob- 
served. 

This paper is not a discourse on the 
correlation of theoretical fracture energy 
from the static tension test with tension 
impact data. No attempt is made to track 
down every last remnant of energy, 
theoretical or experimental. An attempt 
is made, however, to provide quantitative 
toughness data, verified within limits 
with actual impact tests, and to show 


the structural importance of the tough- 
hess concept. 


SIGNIFICANCE OF ELASTIC AND 
FRACTURE TOUGHNESS 


The energy absorbing characteristics 
ofa material are determined in textbooks 


on the strength of materials® from the 


Dew S. Farren and G. I. Taylor, “The Heat Developed 
” Plastic Extension of Metals,”’ Proceedings, Royal 
ip ndon), Vol. 107, p. 423 (1925). 

Stud os Duwez and D. S. Clark, “An Experimental 

Ca ¢. of the Propagation of Plastic Deformation Under 
ni ations of Longitudinal Impact,” Proceedings, Am. 
Vol. 47, 502 (1947). 

Tete ‘he Aspect of Tension- 

Proceedings Soc. Testi 

gs, Soc. Testing Mats., 

ale? aurson and W. J. Cox, ‘“‘Mechanics of Mate- 

nals,” John Wiley & Sons, Inc., p. 291, (1947). 
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modulus of resilience. The term is de- 
fined as that elastic energy which can be 
recovered upon release of any stress, 
whether in the elastic or the plastic 
range. 

Quantitative values for resilience are 
commonly obtained by determining the 
area under the stress-strain diagram at 
the stress in question. The product of 
stress and strain is energy, the units for 
which are inch-pounds per cubic inch. 
The in-lb. is a measure of energy, and 
the cu. in. is a measure of volume; there- 
fore, the term resilience indicates the 
amount of energy which 1 cu. in. of the 
material can absorb. It is interesting to 
note that the modulus of resilience at the 
proportional limit for structural steel 
has an average value of 15 in-lb. per cu. 
in. Physically this means that a weight 
of 1 lb. dropped through 15 in. onto a 
1-in. cube would momentarily stress the 
material to 30,000 psi. By way of con- 
trast, a static load of 30,000 lb. is neces- 
sary to set up the same stress in the cube. 

In order to compare the energy ab- 
sorbing characteristics in both the elastic 
and the plastic ranges, the term “‘tough- 
ness” will be used in this report. The 
modulus of resilience at the yield strength 
will therefore be redefined as the elastic 
toughness of the material, and the Jofal 
amount of energy required to rupture a 
specimen will be termed the fracture 
toughness. This paper is not an attempt 
to show whether toughness can or cannot 
be obtained from the conventional stress- 
strain diagram. The author is of the 
opinion that better correlation of actual 
and theoretical fracture energy is ob- 
tained when the true stress-true strain 
diagram is used. The true unit stress is 
determined from the applied load and 
the actual cross-sectional area at that 
load, while the true unit strain is com- 
monly determined from the relationship.’ 


True strain = log A,/A 


7C. W. MacGregor, ‘“The Tension Test,” Proceedings, 
Am. Soc. Testing Mats., Vol. 40, p. 508 (1940). 
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where: 

A, = original cross-sectional area in 
square inches, and 
cross-sectional area at load at 
which true strain is to be de- 
termined, in square inches. 


Elastic Toughness 


stress, s,.. This triangular area will be 
From the fundamental stress. 
strain relationship E = s/e, this area 
may therefore be written (s,,)*/2E. 
The fracture toughness for the specimen 
is the total area under the entire stress. 


Yield Strength 


w 


Fracture 
Toughness 


Ultimate Load 


True Unit Strain, in. per inch 


(a) Elastic Toughness as the Area under the True Stress - True Strain Diagram at the Yield Strength. 
Original Fracture Toughness, Prior to Stressing S,., is Shown by Horizontal Lines. 


Elastic 
Toughness 


w 


psi 


"Lost" 
Toughness 


Fracture 
Toughness 


Ultimate Load 


True Unit Stress, 


True Unit Strain, in per inch 


(b) Cold-Working Increases Elastic Toughness and Decreases Fracture Toughness. 


Fic. 1.—Elastic and Fracture Toughness. 


Figures 1 (a) and (6) show how the 
elastic and fracture toughness may be 
obtained from the true stress-true 
strain diagrams. The elastic toughness at 
the yield strength is taken as the area 

under the stress-strain diagram at the 


strain relationship as shown by the 
horizontal lines in Fig. 1 (a). As the 
material is stressed into the plastic rang 
to the stress s,, with the corresponding 
strain €,, some fracture toughness 1s lost 
Release of the stress s, allows the m& 


| 

| 
| 

| 


th. 


terial to spring back and results in the 
permanent set e’. The “lost” toughness 
is then the area under the stress-strain 
diagram which is not cross-hatched in 
Fig. 1(b). It may be noted from the 
figure that the elastic toughness has been 
increased and the fracture toughness 
remaining has been decreased. Cold- 
working will therefore increase elastic 
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Based on the average weights of type 
301 stainless steel and structural alu- 
minum the weight ratio & 2.84. 

In addition to high elastic toughness, 
materials used for energy loads must have 
a reserve of fracture toughness. It is 
possible to cold work a material to such 
an extent that the lost toughness oc- 
casioned by cold working is so great that 


TABLE I.—DESCRIPTION OF TEST SPECIMENS. 


Specimen Material Tensile to ‘ 
> ction 
Designation ateria Strength, rodu e D; — § orm 
ED. scree Type 301 stainless 160 000 | Cold-rolled, 18.1 per cent reduction Parallel | Sheet 
Tees Type 301 stainless 160 000 | Cold-rolled, 18.1 per cent reduction Perpendicular | Sheet 
YS Type 301 stainless 180 000 | Cold-rolled, 30.5 per cent reduction Parallel. Sheet 
ey Type 301 stainless 180 000 | Cold-rolled, 30.5 per cent reduction Perpendicular | Sheet 
a SURES Type 301 stainless 200 000 | Taken from full-hard production mate- | Parallel Sheet 
rial rolled to desired tensile strength 
20-D, E.........| Type 301 stainless 200 000 | Taken from full-hard production mate- | Perpendicular | Sheet 
ria! rolled to desired tensile strength 
HR-1 to 6 .| Type 301 stainless 200 000 | #-in. diameter bar fully annealed, pick- | Parallel Rod 
led, cold-drawn to yg-in. diameter . 
AR-1 to6.......| Type 301 stainless 100 000 | Same as HR series but annealed after | Parallel Rod 
drawing to diameter 
24-1 to6....... 24S-T aluminum 68 0007) A high-strength aluminum alloy Parallel Rod 
CS-1to6.......| S.A.E. 1020 steel 60 000°, Plain carbon steel Parallel Rod 
23-1 to 6 | S.A.E. 2315 steel 110 000 | Hot-rolled 3.5 per cent nickel steel Parallel Rod 


Manufacturers ‘“‘typical” value. 
Average value from A.S.T.M. Specification A 141. 


toughness but decrease fracture tough- 
ness, 


GENERAL STRUCTURAL REQUIREMENTS 
FOR MATERIALS FOR ENERGY 
LOADINGS 


The previous analysis for axial energy 
loads indicates that the energy absorbing 
capacity of a material or a structural 
component varies directly as the square 
of the applied stress and inversely as the 
modulus of elasticity. It follows that 
4 material with a high modulus of 
elasticity must have a high yield strength 
if it is to possess good energy absorbing 
characteristics. 

_ Acomparison of materials, particularly 
lor aircraft, will inevitably lead to a 
“strength-weight” ratio or “stiffness- 
weight” ratio. kn this report the elastic 
and fracture tbughness properties will 
also be compared on a weight-ratio basis. 


the remaining fracture toughness is quite 
small. In this case the material may act 
elastically throughout most of its loading 
range but will have a very small plastic 
range, thus exhibiting the characteristics 
of a brittle material. Obviously in 
structures and aircraft it is desirable to 
have high elastic toughness plus enough 
fracture toughness that a proper reserve 
is maintained to take energy loads greater 
than those anticipated in design. In such 
cases, if the elastic toughness is ex- 
ceeded, permanent set will result, but 
rupture will not occur. Without a reserve 
of fracture toughness, however, the 
material will fail when the elastic tough- 
ness is exceeded only slightly. 

The combination of high fracture 
toughness and good ductility offers a 
distinct advantage for structural ma- 
terials. Such a material can yield plas- 
tically at localized points of stress con- 
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~ 4 
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centration and thus relieve the damaging 
_ effects of such a condition. The desirabil- 
ity of fabricating riveted or welded 
structures from ductile materials has 
long been recognized. Brittle materials 
on the other hand cannot yield locally 
to adjust themselves to loading condi- 
tions and so they must fracture. 

It should be pointed out that the con- 
cepts presented in the previous energy 
considerations are also applicable to 
columns, beams, stiffened flat sheets, 
and other forms of structures. 


Test SPECIMENS AND METHOD 
OF TEST 


A complete description of all test 
‘specimens is given in Table I. All of the 
‘Stainless steel sheet specimens except 


Average Shank 
Diam = dg 


D FRACTURE 


AINLESS STEEL 


type V suggested by Tentative Methods 
of Impact Testing of Metallic Materials 
(E 23-47 T).® Because of its greater 
fracture toughness, the annealed stain- 
less steel tension impact specimens were 
made smaller than those for the other 
materials. Every caution was taken to see 
that the completed specimens were free 
of internal stresses due to improper 
machining. A final polishing with crocus 
paper in the direction of testing further 
assured a stress-free specimen. 

In order to provide a fast and highly 
accurate method of testing static speci- 
mens, Baldwin SR-4 electric strain gages 
were used to measure strain. These gages 
offered the opportunity of making almost 
simultaneous strain readings on both 
sides of the specimen so that it was pos. 


Effective Shank Length 
Assumed to be '73 (0.88) =O29in 


8 


Part A 


Part 


Diameter = da C 


| 


0.88" 
Shank Length 


\ 


the 16 series were cut from 0.060-in. 
thick sheet material. The 16 series 
_ specimens were 0.120 in. thick. The 
stainless steel rod specimen stock was 
_ made as indicated in Table I. The alu- 
minum specimens were turned from 0.75- 
_in. rod and the other steel specimens from 
-0.875-in. rod. 
All sheet and rod specimens for tension 
testing were made in conformity with 
Standard Methods of Tension ‘Testing 
of Metallic Materials (E 8 - 46).* Punch 
marks for sheet specimens were placed 
along the edge of the specimen rather 
_ than on the flat face. 
Tension impact specimens were made 
in conformity, in so far as possible, with 


®1946 Book of A.S.T.M. Standards, Part I-A, pp. 
698-709. 


2 19"-——_ 


Effective Length of Specimen 
Fic. 2.—Determination of Percentage of Energy Absorbed by Shanks. 


sible to obtain satisfactory average strain 
readings into part of the plastic range. 
The gages were applied to the surface 
of the specimen in the approved manner. 
It was found that the gages would remain 
fastened to the surface of the stainless 
steel although the strains were far into 
the plastic range of the material. 
Static tests were carried out in 4 
Baldwin-Southwark hydraulic _ testing 
machine of 60,000-lb. capacity set up 
for 24,000-lb. maximum load (least read- 
ing 20 lb.). Specimens were placed in the 
jaws of the testing machine and loaded 
to an initial stress of 10,000 psi. All 
readings for strain were taken with 
reference to this initial load and were 


#1947 Supplement to Book of A.S.T.M. Standards 
Part I-A, p. 381. 
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corrected to zero before plotting the 
stress-strain relationships. Load was ap- 
plied so that the unit stress increments 
were 10,000 psi. Between readings, load 
was applied at a rate of approximately 
1000 lb. per min. 

When a specimen exhibited a lack of 
elastic action, the cross-sectional area 
was measured at each load. It was thus 
possible to obtain both conventional 
stress-strain data as well as the true 


TABLE II. 


Specimen 


Diameter, 
Material F 


(Hardened stain-) | 
less rod 


Volume, in. | 


Because of this it is quite likely that ol 


true unit stress at the ultimate load for | 


the sheet specimens may not be correct. 
An error of 5 per cent in one dimension 
of a sheet specimen will cause a greater 
error in the fracture energy due to the 
error which is also introduced in the true 
strain. If the error in both dimensions of 
a sheet specimen is accumulative the 
fracture toughness will be in even greater 
error. 


TENSION IMPACT TEST DATA. 


Actual 
Impact Fracture 
Value, Toughness, 
ft-lb. | in-lb. 
per cu. in. 


Average 
Theoretical 
Fracture 

_ Toughness, 
in-lb. per cu. in. 


Corrected 
Volume, 
11 900 
12 220 


12 870 
12 900 


0.0993 
0.0991 
0.0991 
0.0984 


| 


12 470 14 470° 


{ 
Annealed stain- 
less rod | 


50 300 
49 500 


aluminum 


| 
| 
| 


rod 0.2506 


= 1020 0.2498 
| 0.2495 


0.2503 
0.2501 


2315 steel) 
rod 0.2492 


0.1016 
0.1013 
0.1005 


; Average of 2 specimens from Table IV. 
Average of 3 specimens from Table IV. 


stress-true strain data. The reduced 
dimensions of thé cross-section of sheet 
specimens were obtained rapidly with 
‘wo micrometers and two observers. 
Every effort was made to obtain the 
actual cross-sectional area at the true 
ultimate load. This was difficult to do, 
however, since the specimen was chang- 
ing rapidly at this point. The error in 
either dimension at the ultimate is not 
considered to be more than 5 per cent in 
any case and less than this as an average. 


A Riehle combination impact testing 
machine was used in the 220-ft-lb. range 
for the tension impact tests. The striking 
velocity for this range is 18.1 ft. per sec., 
well within the “critical velocity” and 
greater than the 10 ft. per sec. min. sug- 
gested by Mann. 

Since the tension impact specimens 
varied considerably in diameter and 
slightly in length, it was necessary to 
make a correction in each case for the 
energy absorbed by the reduced portion 


e 
4 
y 
. 
— 
st 
h HR-2 0.2354 | 0.0953 
0.2352 0. 
HR. 0.2338 | 0.0944 | 
AR... 0.1691 0.0492 0.0516 216.1 
AR-3.. 0.1702 0.0499 0.0523 215.6 
AR-4 0.1700 0.0497 0.0521 208.0 48 000 
AR-S 0. 1694 0.0494 0.0518 209.1 48 500 
Avg... 212.2 | 49080 | S6100e 
0.2505 0.0966 0.1016 58.0 6850 | 
145... 0.2501 0.0965 0.1013 55.8 | 6600 
44-6 2502 0.0965 | 0.1013 57.4 | 6790 | 
_ Avg. s7.1 | 6750 | 7 060% 
CS... | 9.0960 | 0.1008 180.0 21 400 
in CS-5.. 0.0968 0.1017 161.9 19 100 
‘ (S-6... 0.0958 0.1006 182.7 21 800 | 
| 174.9 | 20770 19 1008 
0.0966 173.5 20 500 
B5..... 0.0965 190.1 22 500 | 
in 0.0957 192.0 22 900 
55 Avg. 185.2 21970 | 21 700° 
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of the specimen or by the shank. This was 
done on the basis of the resilience capac- 
ity of each portion of the specimen. The 
length of the reduced portion was con- 
sidered to be the actual length plus one 
half the fillet radius at each end, as 
shown in Fig. 2. Based on the stress 
distribution characteristics in screw 
threads it was assumed that only one 
third of each shank length would be 
stressed and therefore absorb energy. 
The total fracture energy capaci y of the 


It was assumed that these correction 
factors could be applied to the fracture 
toughness as well as the resilience within 
the elastic range. The volume of the 
reduced portion of each specimen was 
accordingly increased by the amount of 
this error. The use of this corrected 
volume gives results the same as those 
that would be obtained by reducing the 
fracture toughness. 

It has been assumed that the area 
under the true stress-true strain dia- 


Yield Strength | 


48,000 psi 


3 


a 
= 
: 
40000 
= 
3 
i< 
2 
> 


-—4 


7 
Yield Strength / Yield Strength 
46,500 psi 48,500 psi. 


0.001 


Conventional Strain, in. per inch 


Fic. 6.—Elastic” Range Stress-Strain Diagrams for 24S-T Aluminum Alloy Rod. 


specimen is the sum of the three portions 
shown in Fig. 2, When the stress in part 
A is s, the stress in the shank, sz, will 
be d,*/dy* (s,). Since dy = de the total 
energy absorbed at any stress in the 
elastic range will be 


4° +288 ( 


Substituting for sy in terms of s4 and 
evaluating this expression for the speci- 
men diameters given in Table II gives 
the following percentages of energy ab- 
sorbed by the reduced portion: 


gram at the ultimate load is a satisfac- 
tory measure of fracture toughness. 
The author’? and others have shown that 
a ductile material stretches uniformly 
throughout its length up to the ultimate 
load. The diameter therefore changes 
uniformly also. Beyond this load one 
localized portion of the specimen reduces 
in area and eventually fractures. The 
small additional fracture energy stored in 
this volume cannot be applied to the 
larger volume since the latter is not con- 
tinuing to reduce in diameter. The mag- 
nitude of this energy varies for ma- 
terials of different ductilities and has been 
ignored in this paper. 


10C, W. Muhlenbruch, ‘Testing of Engineering 
Materials,” D. Van Nostrand Co., p. 57 (1944). ; 


| 
4 | 
| 
“lardened stainless rod................. 91.5 
Annealed stainless rod..... 
24S-T aluminum, S.A.E. 1020 steel and 
SAE. 95.4 
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: Fic. 7.—Complete Stress-Strain Diagrams for T ype 301 Cold-Rolled Stainless Steel Sheet, Reduced 
18.1 per cent to 160,000 psi. Tensile Strength. 
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Fic. 8.—Complete Stress-Strain Diagrams for Type 301 Cold-Rolled Stainless Steel Sheet, Reduced 
30.5 per cent to 180,000 psi. Tensile Strength. 
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Fic. 9. —-Compiate Stress-Strain Diagrams for Type 301 Cold-Rolled Stainless Steel Sheet, Rolled 


Full-Hard to 200,000 psi. Tensile Strength. 
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RESULTS OF TESTS 
Figures 3 through 6 give the tensile 
stress-strain diagrams in the “elastic” 
TABLE I1I.—RESULTS OF STATIC TENSION TESTS. 
| Yield Tensile Modulus of Elonga- 


Strength, Strength, | Elasticity, | tion, 
psi. | psi. psi. per cent 


162 800 


Specimen 


106 000 
105 500 


105 750 


107 000 
104 500 


105 750 


155 500 
162 700 


26 600 000 
28 800 000 


30.0 
37.0 


33.5 


33.5 
30.5 


32.0 


21.5 
28.5 


27 700 000° 


28 400 000 
29 700 000 


29 050 000° 


25 600 000 
25 600 000 


196 800 


159 100 | 198 400 
205 000 
204 000 


204 500 


213 000 
210 000 


| 25 600 000° 


145 200 
178 800 


| 28 300 000 
| 28 400 000 


28 350 000° 


26 600 000 
26 600 000 


211 500 | 26 600 000° 


223 000 | 30 000 000 
220 000 | 29 800 000 


162 000 


188 000 
182 400 


185 200 


162 600 
164 000 


163 300 % 500 | 29 900 000° 


23 900 000 
25 200 000 


158 000 800 
148 000 400 


153 000 600 


24 550 000° 


34 500 500 
35 100 800 


29 200 000 
| 28 900 000 


150 | 29 050 000° 


500 10 420 000 
100 10 530 000 
200 10 310 000 


600 10 420 000 


200 | 30 150 000 
400 30 050 000 
100 | 29 550 000 | 


33 470 


900 | 29 920 000 | 
58 300 | 114 400 | 29 400 000 
54 800 118 000 | 29 550 000 
55 500 | 109 500 | 29 700 000 


..| 56200 | 113 970 | 29 550 000 


* At 0.2 per cent permanent set for all materials but 
S.A,E. 1020 steel for which yield point is given. 
2-in. gage length. 
©The modulus of elasticity for the stainless steel is 
the initial value, based on the average slope of the first 
four plotted points. 


range for all of the materials except the 
stainless steel rod, S.A.E. 1020 steel, and 
S.A.E. 2315 steel. Complete stress-strain 
diagrams, conventional and true, are 
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given in Figs. 7 through 11 for all series 
excdpt 20, HR, AR, and 23, for which 
only true relationships are given. Value 
for yield-strength, tensile strength, 
modulus of elasticity, and percentage 
elongation are given in Table II 

It is generally recognized that the 
speed of testing austenitic stainless ste! 
has a pronounced effect on the shape of 
the initial portion of the stress-strain 
diagram. In general a very fast rate of 
testing yields a diagram that shows the 
stress-strain relationship to be non-linear 
almost from zero stress. A slow rate of 
testing modifies this tendency. Any inter. 
pretation of the data should recognize 
that these tests were made at a slow 
testing speed. 

Considerable difficulty was encour- 
tered in measuring the reduced dimen- 
sions of the stainless steel sheet 
specimens. Although two micrometers 
and two observers were used, some time 
lag was inevitable between the two read- 
ings. In the plastic range near the 
ultimate load more tapering of the 
specimens was observed than for the 
round specimens. The relatively rapid 
change in dimensions of the fully cold- 
worked stainless steel specimens neat 
the ultimate load also made reading 
difficult. It is felt that the true stress 
true strain diagrams obtained for the 
sheet specimens give falsely high values 
for fracture energy. Because of this cot- 
viction it was decided to obtain the 
static tensile stress-strain diagrams for 
round specimens also. These specimens 
permitted data for true stress and true 
strain to be obtained with a minimum 
of difficulty. 

A comparison of the initial portion of 
the stress-strain diagram for the stali- 
less steel specimens and for the 248-T 
aluminum alloy or any of the other steels 
shows one important difference. This 
is the characteristic tendency of tt 


t 
t 
t 
T 
173 
Avg........| | 170900 | 
| | 20.0 
- 
| 16.5 
18.5 
— 2 
Avg...... | | 14.3 
TE 
Avg........| 34800 | 132 
24-1..........| 48 000 | 68 
46 500 
24-3..........| 48 300 | 69 15.4 
Avg........| 47 600 | 63 | 15.6 
CS-3.........) 3% 300 j 
| 
| | 


stainless steel to break very slowly from 
the initial straight-line relationship while 
the other materials exhibit a rapid transi- 
tion from the elastic to the plastic range. 


TABLE IV.—-ELASTIC AND FRACTURE TOUGH- 


NESS AS OBTAINED FROM 


STRESS-STRAIN DIAGRAMS. 


STATIC TENSILE 


| Initial 

| | Elastic | Frac- 

Tough- 

ness, | Tough- 

Specimen Material Form in-lb. | ness, 

per in-lb. 

cu. in. per 

| cu. in. 

Type 301 stain-{| Sheet | 211 35 300 
 ORRRARSY ess \| Sheet | 193 33 400 
| 202 | 34 350 
\Type 301 stain-( Sheet | 201 | 37 200 
less Sheet | 184 | 30 600 
Avg.. | 193 33 900 
\Type 301 stain Sheet | 472 | 30 100 
| eee less Sheet | 516 29 300 
18-D.........|\Type 301 Sheet | 365 27 100 
less Sheet | 562 25 800 
Avg. 464 26 450 
0-A.........|\Type 301 atain-| Sheet | 645 | 25 500 
} ess Sheet} 625 25 800 
Avg........| 635 | 25 650 
0-D.........|\Type 301 stain-{| Sheet | 441 22 100 
20-E J less \| Sheet | 451 | 24 200 
Avg. 446 | 23 150 
HR-1 ..|\Type 301 stain-{) Rod 523 15 020 
HR-3 } less \| Rod | 435 | 13 920 
Avg. 479 | 14.470 
AR2........ || Type 301 Rod 58 100 
AR-6 'f less Rod 21 54 000 
Avg. | | 21 | 56 050 
Rod | | 7 400 

43... |; 5 
Rod | 113 7 450 
1020 Rod | 19% | 19 100 

stee | | 
SAE. 2315 | Rod 53 | 21 700 
steel 


;, Based on yield point. 
Average of 3 specimens. 


All specimens other than annealed stain- 
less steel, AR series, have this tendency. 
Throughout the tests it was observed 
that the higher strength materials had 
the least tendency to deviate from a 
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straight-line relationship in the initial — 
portion of the diagram. 

Elastic toughness values are reported 
in Table IV. These values have been 
calculated from the area under the stress- 
strain diagram at the yield-strength, 
using the relationship (s,.)?/2E. The 
elastic toughness of the HR series, round 
specimens, agrees very well with those 
for the 18 series, sheet specimens. This 
would seem to indicate that all of the 
elastic toughness values for stainless steel 
are representative. Fracture toughness 
data are also given in Table IV. It is 
felt that the fracture toughness values 
for the sheet specimens, particularly the 
18 and 20 series, are too high, due to the 
difficulty of measuring cross-sectional 
area as discussed previously. The fracture 
toughness of the round specimens is 
considered representative. The data 
shows that cold-working increased the 
elastic toughness of the stainless steel 
but decreased fracture toughness. Actual 
values are higher in both cases for speci- 
mens tested parallel to the ditection of 
rolling than for perpendicular speci- 
mens. Specimens 20-A and B of fully 
cold-worked stainless steel had an elastic 
toughness 3.1 times that of specimens 
16-A and B. By contrast the fracture 
toughness of the annealed AR round 
specimens is found to be 3.88 times that 
of the HR series (comparable to the 18 
series in other properties). The elastic 
toughness of the full cold-worked 20 
series is 5.83 times that of the 24S-T 
aluminum or about two times as much 
on a weight ratio basis. This value for the 
18 series is 4.53, or 1.64 corrected for 
weight. The S.A.E. 1020 and 2315 steels 
are considerably lower in elastic tough- 
ness than any of the cold-worked stain- 
less series. The value for 18-A and B is 
shown in Table IV to be 26 times that 
for S.A.E. 1020 steel and 9.3 times that 


for S.A.E. 2315 steel. 
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The stress-strain diagrams show that 
the elastic toughness of the stainless 
steel can be raised considerably by in- 
creasing the permanent set beyond the 
0.2 per cent at the yield strength. This is 
not true for materials which pass rapidly 
from the elastic to the plastic range as 
does the 24S-T aluminum. It may be 
shown from Fig. 6 that if the aluminum 
is stressed to a permanent set of 0.3 per 
cent, for example—an increase in strain 
of 50 per cent—the increase in elastic 
toughness for specimen 24-1 is 3.6 per 
cent. From Fig. 4 for specimen 18-B, 
however, the increase in elastic tough- 
ness at 0.3 per cent permanent set is 
14.1 per cent. The ratio of the elastic 
toughness values at 0.2 per cent per- 
manent set for the two materials was 
shown above to be 1.64 when corrected 
for weight. At 0.3 per cent permanent 
set this ratio is 1.82 per cent, an increase 
of 9.9 per cent. None of the other steels 
tested possess this property of stainless 
steel. It would appear from the data that 
a stainless steel must have a yield 
strength of approximately 130,000 psi. 
if it is to be equal to 24S-T aluminum 
in elastic toughness on a weight ratio 
basis. Type 301 of j- hard grade would 
be the temper which would come the 
closest to satisfying this requirement. 
It has been pointed out that structural 
parts subjected to energy loading should 
not only possess high elastic toughness 
but also high fracture toughness. It has 
been pointed out that a gain in one is 
made at the sacrifice of the other, as is 
shown by the data in Table IV. The 
contrast between elastic and fracture 
toughness capacities is apparent from 
Fig. 10. The theoretical fracture tough- 
ness of these specimens are given in 
Table IV as 14,470 in-lb. per cu. in. for 
the fully cold-worked material and 56,100 
in-lb. per cu. in. for the annealed stain- 
less steel. The other stainless steel speci- 
mens had fracture toughness values be- 
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tween these two extremes. It should be 
noted again that the values obtained 
for the stainless steel sheet specimens are 
not considered to be representative. 

The most informative data on fracture 
toughness is that provided by the ten. 
sion impact tests as given in Table II. 
It may be seen from this table that the 
actual and theoretical fracture tough- 
ness values are in good agreement except 
for the HR stainless steel series for which 
the theoretical value is 13.8 per cent in 
error and for the AN series for which the 
error is 12.5 per cent. The reason why the 
stainless steel is in greater error than the 
other materials is not apparent. 

The data of Table II show that the 
theoretical fracture toughness of an- 
nealed stainless is 2.8 times that of 24S-T 
aluminum on a weight ratio basis, 2.94 
times that of S.A.E. 1020 steel, and 2.7! 
times that of S.A.E. 2315 steel. On the 
basis of the actual fracture toughness 
these values become 2.56, 2.37, and 2.24 
respectively. Comparing the HR stain- 
less series and the 24S-T aluminum series 
for elastic and actual fracture toughness 
give weight corrected values of 1.53 and 
0.65, indicating that the former is too 
high and the latter not high enough. De- 
creasing the elastic toughness will in- 
crease the fracture toughness. The trend 
of the data in Table IV indicates that 
for the hypothetical stainless steel which 
has a yield strength of 130,000 psi. and 
is therefore exactly equal to the 245-! 
aluminum in weight corrected elastic 
toughness, the corrected fracture tough 
ness (based on tension impact data 
would be 1.36 times the aluminum. I! 
follows therefore that the stainless ste¢! 
would have a reserve of fracture tough 
ness not possessed by the 24S-T alu- 
minum. 

A subject for additional study would 
be to determine the same properties for 
the same materials but at temperature 
in excess of 300 and 400 F. Studies af 
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stainless alloys other than type 301 and 
notched tension impact specimens would 
also prove profitable. 


> CONCLUSIONS 


The data presented in this report and 
the theoretical considerations involved 
seem to warrant the following general 
conclusions for type 301 stainless steel: 

1.A stainless steel with a yield 
strength of 130,000 psi. would have an 
elastic toughness equal to that of 24S-T 
aluminum on a weight ratio basis. Based 
on actual tension impact data, the frac- 
ture toughness of this hypothetical ma- 
terial would be 36 per cent more than 
that of the aluminum on a weight ratio 
basis. 

2. Because its stress-strain diagram 
does not break rapidly from the elastic 
to the plastic range, the energy capacity 
of stainless steel continues to increase 
beyond the yield strength. The elastic 
toughness of stainless steel of 180,000 
psi. nominal tensile strength can be in- 
creased 14.1 per cent when the per- 
manent set is increased from 0.2 per cent 
to 0.3 per cent. The same conditions for 
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24S-T aluminum produce an increase of 
3.6 per cent. 

3. The elastic toughness of 180,000 
psi. tensile strength stainless steel is 26 
times that of S.A.E. 1020 steel, 9.3 times 
that of S.A.E. 2315 steel and 1.64 times 
that of 24S-T aluminum on a weight 
ratio basis. 

4. The energy required to fracture a 
specimen as obtained from the tension 
impact test correlates within 14 per cent 
with the area under the true stress-true 
strain diagram. 

5. The fracture toughness of an- 
nealed stainless steel, based on actual 
impact data, is 2.37 times that of S.A.E. 
1020 steel, 2.24 times that of S.A.E. 2315 
steel, and 2.56 times that of 24S-T 
aluminum corrected for weight. The 
theoretical toughness gives higher values. 
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DISCUSSION 


Mr. Franks.'—I am im- 
pressed with the elastic toughness and 
fracture toughness data presented in Mr. 
Muhlenbruch’s paper. 

The information given concerns pri- 
marily modulus of resilience and shows 
that even though the strength of the 
austenitic stainless steel is greatly in- 
creased by application of cold work, the 
resulting product still retains high 
capacity for energy absorption before 
fracture, which means that the steel has 
an excellent combination of strength and 
toughness. I should like to ask Mr. Muh- 
lenbruch whether he has secured informa- 
tion from those who have used these 
stainless steels for structural components 
as to whether they have been able to 
confirm the high degree of elastic and 
fracture toughness possessed by the cold- 
rolled 18 per cent chromium, 8 per cent 
nickel steel. 

I should also like to ask if he has done 
any work on notched tension impact 
tests or on standard tension impact tests 
at temperatures up to 400 F. or slightly 
higher. Information of this type would be 
of great value in building high-strength 
devices that operate under such tem- 
perature conditions. I should like to con- 
gratulate the author in bringing to our 
attention these important mechanical 
characteristics of the cold-rolled stainless 
steels. 

Mr. C. W. MuHLENBRUCH (author) .— 
Although no industry-wide survey of 
users of stainless steel structural com- 


_1 Manager, Development Dept., Electro Metallurgical 
Div., Union Carbide and Carbon Corp., Pittsburgh, Pa. 


ponents has been made, a few contacts 
have revealed in most cases that service 
records of the components themselves 
substantiate the contentions made by the 
author. It is hoped that additional per- 
formance data will be forthcoming. 

Subsequent to submitting this paper a 
few notched tension-impact tests were 
made for the materials included in the 
original paper. No high-temperature 
tests have been made. Notched tension 
impact specimens conformed to type U 
suggested in A.S.T.M. Tentative Methods 
of Impact Testing of Metallic Materials 
(E 23 —47 T).2 The test results were as 
follows: 


Specimen Material 


HR-N1.....| Hardened stainless rod 


HR-N2..... 


| 


| Annealed stainless rod 


oo} 


| 24S-T aluminum rod 


oulo 


les | 


& 


2 By dividing by the weight factor of 2.84. 


Based on the weight-corrected impact 
strength, the fully hardened stainless 
steel rod is able to absorb 85 per cet! 
more than the 24S-T aluminum alloy, 
while the annealed stainless rod is able 
to absorb 206 per cent more. It should be 
2 1947 Supplement to Book of A.S.1T.M. Standards, Pat 
I-A, p. 381. 
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noted that these comparison values are 
considerably greater than the values re- 
ported in the paper for the unnotched 
tension impact specimens. This indicates 
that the notch sensitivity of the stain- 
less steel is considerably less than that of 
the aluminum tested. 

Mr. P. E. Cavanacu.3—Is it possible 
that the differences in the measured and 
calculated fracture toughnesses might 
be due to differences in the effective 
energy-absorbing volumes of the impact 
samples in different metals with different 
energy transmitting characteristics. 

And, secondly, has an attempt been 
made to calculate the effective volume of 
the notched specimens? 

Mr. MUHLENBRUCH (author).—There 
can be no doubt that some of the dif- 
ference was due to variation in energy 
absorbing volumes as stated by Mr. 
Cavanagh. It is felt, however, that this 
factor does not account for all of the dif- 
ference observed. No attempt has been 
made to determine the effective volume 
of the notched specimens due to the gen- 
eral lack of understanding of the Bous- 
sinesq effect adjacent to the reduced por- 
tion. Standard tension impact specimens 
were used to permit direct comparison 
with published data for other materials. 

R. A. (by leller).—I be- 
lieve that in the past there has been too 
much tendency to accept the yield 
strength at which 0.2 per cent set takes 
place, the tensile strength and the per- 
centage elongation as a description of the 
mechanical properties of a material. This 
paper by Mr. Muhlenbruch gives us 
another interesting procedure through 
which the mechanical properties of a 
metal can be considered. 

I found his reference to the shape of 
the stress-strain curve especially inter- 
‘sting. High tensile cold-rolled type 301 
Stainless steel strip has a stress-strain 
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curve whose shape is greatly different 
from that of the other materials discussed 
in this paper. With high tensile cold- 
rolled type 301 stainless steel strip, the 
stress-strain curve has a relatively low 
proportional limit and a considerably 
higher stress at which 0.2 per cent set 
takes place. In other words, the stress- 
strain curve ceases to be linear at a rela- 
tively low stress, but after the propor- 
tional limit is exceeded the deviation from 
straight line behavior takes place very 
gradually as the load is increased. Even 
after the stress at which 0.2 per cent set 
takes place is exceeded, the stress-strain 
curve continues to rise, and further in- 
crease in strain results in an appreciable 
increase in stress. Thus the point on the 
stress-strain curve where 0.2 per cent set 
takes place has no significance for de- 
fining the upper limit of load-bearing 
ability of this metal. 

In order to describe the load-bearing 
characteristics of high-tensile cold-rolled 
type 301 stainless steel strip, it is neces- 
sary to consider the tangent modulus of 
the stress-strain curve at the stress under 
consideration. When the tangent modu- 
lus of the material is plotted against 
stress, it will be found that it changes 
very gradually with increasing stress, and 
useful values are obtained at stresses con- 
siderably over the value at which the 
yield strength is located. 

The other materials discussed in this 
paper do not show such relationships. The 
proportional limit in these materials is 
relatively high, and after it is exceeded 
the tangent modulus falls off rapidly and 
the yield strength is located at a stress 
not greatly in excess of the proportional 
limit. With these other materials when 
the yield strength is exceeded, the stress- 
strain curve tends to flatten out and fur- 
ther increase in strain produces only a 
slight increase in stress. Thus, for such 
material, the yield strength at which 0.2 
per cent set takes place is a criterion of 
the upper limit of load-bearing ability. r 
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These relationships are not new and 
have been discussed in a paper by W. 
Ramberg and W. R. Osgood entitled 
“Description of Stress-Strain Curves by 
Three Parameters” published as Tech- 
nical Note No. 902 by the National Ad- 
visory Committee for Aeronautics. In 
order to correctly predict the load-bear- 
ing ability of light gage structures made 
from high-tensile cold-rolled type 301 
_ stainless steel strip, it is necessary to take 
the above factors into account and follow 
a design procedure such as is indicated in 
a book by Timoshenko entitled “Theory 
of Elasticity” under the subject of de- 
sign beyond the proportional limits. 
When such factors are taken into account 
it will be found that short columns of 
low slenderness ratio fail at stresses 
considerably over the yield strength, and 
calculations are checked by experimental 
results. Thus, with full hard type 301 
stainless steel strip that has a yield 
strength of 145,000 psi., a relatively short 
column with a slenderness ratio of 14 will 
be found to have a critical column stress 
of approximately 170,000 psi 

By way of summary of the above, the 
yield strength which has such wide sig- 
nificance in most metals has relatively 
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little significance when dealing with cold- 
rolled high-tensile stainless steel strip. 
Failure usually occurs either when some 
parts of the structure are subjected to 
stresses at which it is structurally un- 
stable in either compression or shear or, 
if the failure is in tension, it is at a stress 
considerably higher than the stress, at 
which 0.2 per cent set takes place on the 
stress-strain curve. 

Thus, the properties of type 301 cold- 
rolled stainless steel strip described by 
Mr. Muhlenbruch agree well with the 
general properties of this material. 

Mr. Muntensrucu (author).—Mr 
Lincoln points out properly that the 
yield strength of high-strength stainless 
steel is really not a criterion for structural 
instability analogous to the yield 
strength of aluminum or the yield point 
of structural steel. It is pointed out in 
the paper that the elastic toughness of 
stainless steel increases much more than 
that of aluminum when the permanent 
set is increased from 0.2 per cent to 0.3 
per cent. Structural designers employing 
high-strength stainless steel will do we 
to study the references given by Mr 
Lincoln. 
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Recent developments in gas turbines, 
propulsion engines, and other high-tem- 
perature applications have demonstrated 
the greatly increased efficiency possible 
with materials which can withstand high 
stresses at high temperatures. This work 
iias also emphasized the importance of 
‘eveloping new materials to permit still 
higher stresses and temperatures. The 
engineering implications of higher allow- 
able temperatures and working stresses 
stimulated considerable activity 
‘mong metallurgists and other materials 
“igineers to develop new and improved 
materials, processes, and treatments, and 
l0 among design engineers to utilize 
“xsting materials under the highest pos- 
sible operating temperatures and stresses. 
Both the materials engineer and the 
‘sign engineer have a very strong com- 
“mon concern in one important phase of 
the broad problem, that of evaluating 
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SYNOPSIS 


The limitations of static testing and the importance of dynamic creep and 
rupture properties in designing for high-temperature service are discussed. 
Newly developed dynamic testing machines and measuring equipment for 
determining creep and rupture properties are described. Data on several tem- | 
perature-resistant materials are presented within mean-stress - alternating- 
stress coordinates to show the influence of dynamic stress on creep and time 
to rupture. The relationships between testing temperature and dynamic 
stress influence on creep and rupture are shown. The increased creep and rup- 

- ture resistance during some of the dynamic tests is discussed in terms of 

eg metallurgical changes caused by cyclic stress. Data presented show 


DYNAMIC CREEP AND RUPTURE PROPERTIES OF TEMPERATURE- | 
RESISTANT MATERIALS UNDER TENSILE FATIGUE STRESS*! 


By B. J. LAZzAn? 


the greatly decreased ductility caused by the superposition of cyclic stress on 


the serviceability of existing and newly 
developed materials by suitable test 
methods. The materials engineer must 
rely on materials test data to determine 
the improvements in properties offered 
by newly developed materials, to corre- 
late these improvements with composi- 
tion, constitution, processing and treat- 
ment, and to establish trends for guiding 
future developments. The design engi- 
neer must know the correlations among 
stress, deformation, rupture, time, tem- 
perature, environment, elasticity, and 
other properties in order to produce the 
most efficient design possible with the 
available materials. Aside from the de- 
velopmental aspects of the problem, both 
the metallurgist and the design engineer 
have a common interest in testing as a 
means of production quality control of 
temperature-resistant materials. 
Although there is general agreement 
that materials testing constitutes an im- 
portant phase of engineering develop- 
ment, particularly where severe service 
conditions are to be expected, there is 
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usually disagreement as to which type of 
test most effectively reveals the funda- 
mental properties and service behavior 
of materials and parts. In this connec- 
tion, materials testing may be classified 
as follows: 

1. Testing of carefully prepared speci- 
mens under simplified conditions of stress 
and environment to determine what 
might be termed the fundamental prop- 
erties of the material. 

2. Testing of actual parts and assem- 
blies (or parts slightly modified to permit 
gripping, etc.) under conditions which 
closely simulate the critical stress and 
environment encountered in actual serv- 
ice. 

3. Testing of actual parts and assem- 

blies in actual service. 
These three types of testing are listed 
above in order of increasing validity for 
predicting serviceability but also in order 
of increasing cost and difficulty, in most 
cases. That is, no test of serviceability is 
as “foolproof” as actual service. How- 
ever, to rely exclusively on actual service 
is usually impractical, time consuming, 
and extremely expensive, particularly in 
a material development program in 
which the fundamental properties of the 
materials are not known. Consequently, 
a well-balanced engineering program 
generally includes all three types of 
testing. 

The particular type of test justifying 
most emphasis generally depends on the 
state of knowledge in the field. If little 
is known about the basic properties of 
the materials, let alone the behavior of 
the actual part in simulated service con- 
ditions or in actual service, then specimen 
tests of type 1 should generally be em- 
phasized as a first step in the program. 
Knowing the basic properties of mate- 
rials, the results procured in subsequent 
tests of type 2 and 3 are generally more 
easily interpreted and measures for im- 
provement are more apparent. 


LAZAN ON DYNAMIC CREEP AND RupTuRE PROPERTIES 7 


In the particular problem under con. 
sideration, that of evaluating tempera- 
ture-resistant materials for high-stress 
service, considerably more information 
on the fundamental properties of speci- 
mens is necessary for efficient metal- 
lurgical and mechanical development, 
Consequently, work described in this 
paper concentrates on specimen testing 

Although specimen testing is generally 
accepted as a proper first step, there is 
usually disagreement as to which par- 
ticular type of specimen testing is most 
fundamental, most revealing, and which 
simulates service most closely. In high- 
temperature, high-stress applications, the 
important commonly used tests in this 
country for evaluating materials include 
the following, in approximate chrono- 
logical order. 

(a) Short-time static tension tests, 

(b) Rupture under prolonged static 

forces, 

(c) Creep under 

forces, and 

(d) Fatigue tests 

forces. 

In view of the complexity of actual 
service, in which a number of different 
critical conditions in varying proportions 
are likely to occur, it is unlikely that any 
one of the above simplified tests, or any 
modified or new simple test, can provide 
an accurate index of serviceability. I 
general, therefore, it is usually necessar) 
to give weighted consideration to severa 
basic properties in order to arrive at suc 
an index. In the high-temperature field, 
tests which reveal creep and rupture 
characteristics under static loading (tests 
b and c above) are the most commonly 
used means of rating serviceability. How 
ever, temperature-resistant materia 
used in gas turbines, propulsion engine 
superchargers, and other types of hig 
temperature service rarely receive purel} 
static forces; cyclic or fatigue stress 
usually superimposed over static loading 


prolonged static 


under dynamic 
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The present-day trend toward higher 
speeds and lighter weight construction 
has increased the prominence of vibra- 
tions as a factor in design. Therefore, 
fatigue testing (test d above) of tempera- 
ture-resistant materials is gaining new 
importance in recent years. However, it 
is likely that fatigue loading affects the 
creep properties and both generally con- 
tribute to service failure. Therefore, indi- 
vidually obtained static creep* and fa- 
tigue data, although valuable, _ are 
probably less significant than data giving 
the general relationships among stress,‘ 
deformation,® time, temperature, and 
chemical environment.’ The work de- 
scribed in this paper is the beginning of a 
broad material evaluation program which 
is to include the analysis of the funda- 
mental factors affecting the behavior of 
temperature-resistant constructional ma- 
terials. 

In the interest of better understanding 
the fundamental behavior of tempera- 
ture-resistant materials under dynamic 
stress, and as a first step in this program, 
a study was undertaken of the dynamic 
creep and rupture properties of tempera- 
ture resistant materials at elevated 
temperatures under a combination of 
static tensile preload with an alternating 
direct stress superimposed. Although this 
type of dynamic stress was selected pri- 
marily because of its fundamental nature, 
it is also reasonably close to that en- 
countered in some types of service. In 
turbine blades, for example, the bending 
vibrations caused by aerodynamic forces 
aré generally superimposed over the 
large centrifugal force caused by high 
tolary speeds. The outer surface of the 


Creep used in the broad sense to include complete 

‘paration or rupture. 
Px tress used in the broad sense to include static and 
ynamic (variable) stress. 
dua eformation used in the broad sense to include 
ar plastic deformation, creep, and rupture. 
“ € environment factor is particularly important 
repeated stress conditions due to the accelerated 

‘cts corrosion exerts on fatigue failures, : 


blade, the most likely origin of failure, is 
therefore subjected to a combination of 
static tension stress with alternating 
direct stress superimposed. 

Previous dynamic testing work has 
been concentrated almost exclusively on 
rupture or fatigue properties. Dynamic 
creep data (extension under dynamic 
force), although extremely important in 
some types of service, are practically non- 
existent. In the Syracuse work both dy- 
namic rupture data and dynamic creep 
data are determined under different com- 
binations of mean and alternating tensile 
stress. In some dynamic stress regions, 
creep may govern the magnitude of the 
allowable stress, whereas in other stress 
regions the time to actual rupture may 
be the more important. In many cases, 
both creep and time to rupture under dy- 
namic loading, and not just rupture time, 
must be known if intelligent working 
stresses and temperatures are to be se- 
lected, if new and old materials and 
treatments are to be evaluated and com- 
pared, and if the fundamental behavior 
is to be better understood, 


REVIEW OF PRIOR RESEARCH 
ON DyNAmMIC CREEP 


Only German literature could be 
located in which recognition and special 
attention was given to dynamic creep. 
Hempel and Tillmans (1)? in 1936 con- 
ducted tests on carbon, molybdenum, 
and chromium-nickel steels at tempera- 
tures up to 600 C. A hydraulic pulsator 
type of machine with a frequency of 50 
or 500 cycles per min. was used in which 
creep was measured at the crosshead of 
the machine. Although the test data dis- 
play rather large scatter, the presence of 
dynamic stress does not appear to affect 
greatly the creep. In the opinion of 
Hempel and Tillmans creep under dy- 


7 The boldface numbers in parentheses refer to the 


list of references appended to this paper, see p. 787, a 
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namic tension is approximately the same 
as at a static tension equal to the upper 
limit of the dynamic test for the materials 
studied. Furthermore, they observed that 
frequency does not seriously affect dy- 
namic creep in the tests undertaken. 

In 1938 Bernhardt and Haneman (2) 
determined the dynamic creep of lead at 
room temperature. Forces were applied 
by a crank-spring arrangement (with 
questionable inertia forces due to near 
resonant vibrations) and deflections were 
measured by an optical system attached 
to the specimen. These investigators 
found that dynamic creep is almost lin- 
early proportional to frequency, that the 
constant rate second stage creep is 
reached more rapidly under dynamic 
forces than under static forces, and that 
a correlation exists between damping 
capacity and dynamic creep. 

Gurtler and Schmid (3) in 1939 pub- 
lished dynamic creep and rupture data 
for iron, several carbon steels, aluminum, 
copper, zinc, and lead. These authors pre- 
sented Goodman type stress-range dia- 
grams for both dynamic rupture and 
dynamic creep which indicate that the 
higher the temperature the more impor- 
tant is dynamic creep compared to dy- 
namic rupture. 

In 1942 Hempel and Krug (4) studied 
dynamic rupture and creep of chromium- 
molybdenum steels from 20 C. to 500 C. 
with a 666 cycles per min. hydraulic 
pulsator. The data presented indicate the 
necessity of considering both dynamic 
creep and fatigue in some cases before a 
range of dynamic stress is known to be 
safe at a certain temperature. In certain 
stress-range regions fatigue failure gov- 
erns, whereas in other regions dynamic 
creep consideration may necessitate use 
of a stress considerably lower than the 
fatigue strength. The temperature range 
and type of material greatly affect the 
relative importance of the two factors. 


In general, dynamic creep strength js 
more adversely affected by increasing 
temperature than is fatigue strength. 

In 1940 the author undertook a fey 
exploratory tests (work unpublished) to 
determine the effects of superimposed 
cyclic stress applied by a centrifugal force 
type of oscillator (7) on the creep of 2-S0 
and 3S-3H aluminum wire at room tem. 
perature. He found that, for the few 
specimens tested, low magnitude cyclic 
stress (lowest or trough stress was 55 per 
cent of highest or crest stress) causes a 
larger first stage total creep, an earlier 
commencement of second stage creep, 
and a lower second stage creep rate than 
is produced by a static load equal to 
the highest or crest value of the dynam 
load. Under these conditions the total 
creep for the first few days is larger 
under the dynamic load than under the 
static load, but the creep curves cross 
and subsequent creep under dynamic 
load is considerably smaller than under 
static load. In another test, with cytlic 
stress equal to 75 per cent of the mean 
stress, the total creep was found to be 
approximately 80 times as large as the 
creep at a static stress equal to the mean 
dynamic stress. However, in view of the 
possible variability of the test material, 
there are insufficient test data to permit 
definite conclusions. 

In the current Syracuse work the creep 
and rupture properties under various 
combinations of static preload and alter- 
nating stress applied at 3600 rpm. af 
determined at 1350 F. and 1500 F. for 
several temperature-resistant materials 
The type of dynamic stress imposed ol 
the test specimens is shown in Fig. ! 
The stress S at any instant of time cai 
be represented by the sine function: 


t 

a 

of: 

— 


where: 

§ = instantaneous stress, 

5, = mean stress or static preload im- 
posed, 

§, = alternating or cyclic stress super- 
imposed over the static preload, 

f = frequency of the cyclic or vibra- 


tory stress, and 
= time. 


The newly developed Syracuse equip- 
ment can apply any combination of mean 
stress S,, and alternating stress S, under 
controlled conditions. 


Instantaneous Stress, 
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elaborate, or included doubtful inertia 
force correction factors difficult to deter- 
mine accurately. In existing Amcrican 
machines, at the time this work was 
planned in 1946, either the alternating 
force was difficult to control accurately 
under conditions of changing specimen 
stiffness, the testing speed was too slow, 
or the static preload could not be accu- 
rately maintained under creep condi- 
tions. It was therefore decided to develop 
a new machine similar in principle to one 
previously developed by the author (6) 
but including provisions for maintaining 


19) Time, t 
‘S = Instantaneous stress = Sm + Sa sin ft 
Sa = Alternating stress = Sm — St 
Se = Crest stress = Sm Sa : 
A = Vibration alternating—mean ratio= 
Sm 1+T 


Fic. 1.—Cyclic Stress Definitions. 


TESTING EQUIPMENT 


A study was made of existing equip- 
ment capable of (a) imposing an adjust- 
able static tensile preload, (b) main- 
taining this tension constant even under 
“alge Creep, (c) superimposing an adjust- 
able alternating direct force at a reason- 
ably high frequency, and (d) maintaining 
this alternating force constant even 
under changing specimen elasticity. 
Hydraulic pulsators and crank type 
machines such as used by German inves- 
tigators 2 3, 4) were too slow, too 


f = Frequency of vibration = 27/P 
Sm = Mean stress = 5S; Sa = Sc — Sa 
St = Trough stress = Sm — Sa 
T = Vibration trough—crest ratio= 
Sc 1+A 


preload under all conditions of creep and 
including other refinements required in 
high-temperature testing. 

The principle of operation of this 
machine is illustrated in the schematic 
diagram of Fig. 2 and the photograph of 
Fig. 3. The test specimen C is held by 
the two self-aligning, spherically seated 
specimen holders A and D, and located 
so that it rests within the uniform heat 
zone of special creep furnace B. The 
lower end of specimen holder D is pulled 
downward by the cage E which is guided 
by four flexplates M. Contained within 
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the oscillating cage is a revolving eccen- The flex-plate system shown guides the 


tric mass F which is the source of the cage so that only vertical motion is per. 
axial vibrations imposed on the specimen. mitted. Thus the horizontal component 
Attached to the lower end of the cage E of the centrifugal force produced by the 
are flexible preload springs G, the lower revolving eccentric mass is resisted by 
end of which are pulled downward by the flex plates, and only the vertical 
adjustable lower crosshead J. These component is transmitted to the speci- 
springs exert the static tensile preload men. The vertical alternating force pro- 
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Fic. 2.—Diagram of the Syracuse Dynamic Creep and Rupture Testing Machine. 


applied to the test specimen. The force duced by the eccentric may be 
in preload springs G is increased by lower- determined from the equation: 
ing adjustable crosshead J by means of 


stable cros 1S (1 
worm drive K and is decreased by raising 

where: 
the adjustable crosshead. The dynamic ; ‘ 
component of the tensile load, produced F = plus or minus alternating force P 
by revolving eccentric mass F, is a sinu- duced by the eccentric F, 


soidal vertical force transmitted through M = mass of the eccentric, m 
the cage and lower specimen holder to = distance between center of gra 
the test specimen. ' of the eccentric and the axis ® 
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rotation, and vibrating parts between the bottom of 
f = speed of rotation of the eccentric. the specimen and the loading springs. 


be 
Fic. 3.—Photograph of the Syracuse Dynamic Creep and Rupture Testing Machine. 

, pro The alternating force felt by the test The effective magnitude of this inertia 
specimen is the vector sum of the follow- force depends on the phase angle between 
oe components: the force and displacement during the 

lhe force produced by the revolv- vibration. 

cis ol “ eccentric as determined by Eq. 1 The revolving eccentric mass is a cali- 


2. The inertia force caused by the brated screw assembly with divisions 
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marked on the head of the mass and 
along scale S so that the position of the 
eccentric may be read like a micrometer 
screw. Thus, the “Mr” factor in Eq. 1 is 
accurately known. Since the eccentric 
mass is driven by a synchronous motor 


indicated that the specimen was probably 
overloaded due to inertia effects caused 
by the rapid starting characteristics of 
the synchronous motors used. This sys. 
picion was confirmed by proving ring 
measurements. Consequently, the start- 


at a speed of 3600 rpm. irrespective of 
load, the “f” factor in the equation is 
known. Thus, the centrifugal force can 
be calculated with considerable accuracy. 

The inertia force term, may, under 
certain conditions, be cancelled by inertia 
force compensator springs (6). However, 
in this creep and rupture machine it is 
highly desirable, as explained later, to 
use extremely flexible preloading springs, 
too flexible to compensate effectively for 
inertia forces. In view of this condition, 
the mass of all vibrating parts which 
affect the inertia force correction (mass 
between lower end of specimen and 
springs) was kept as small as possible so 
as to minimize the inertia force correc- 
tion. furthermore, a small effective mass 
at the lower end of the specimen results 
in an operation frequency well below the 
fundamental resonant frequency of the 
system, and the vibration phase angle is 
zero. Thus, the inertia force correction, 
which averages approximately 7 per cent 
for the machines used, can be accurately 
determined. 

Even though the two components of 
the alternating force can be accurately 
determined, the machines received a final 
calibration with a specially adapted prov- 
ing ring. The vibrating reed in the stand- 
ard proving ring is not suitable for 
measuring alternating forces and there- 
fore was replaced with a specially de- 
signed and constructed electric contact 
device. Room temperature calibration 
tests were also made with wire resistance 
strain gages. 

During a few of the early tests the ex- 
cessive creep observed immediately after 
starting the alternating stress in a test 


ing and control box now includes variable 
transformer equipment so that the syn- 
chronous motors may be started slowly 
by building up the motor voltage slowly. 
Measurements show that this starting 
procedure does not overload the speci- 
men. 

The preload springs G are carefully 
calibrated so that the force at any 
tended length is accurately known. T! 
extended length of the preload springs is 
accurately indicated by the vernier slid 
arm H. This preload is automatically 
maintained during the course of the test, 
even though large creep may occur in t! 
test specimen, by the following contr 
system. Before starting a test, the vernier 
slide arm JH is set and locked at that 
reading of the vernier scale which pro- 
duces the desired extension in the springs 
This adjustment depresses microswitc 
I which starts preload motor P a 
causes the worm drive K to lower t 
adjustable crosshead J until the micr 
switch ceases to contact vernier slid 
arm H. Thus the extension in the springs 
is kept at that value which produces th 
desired spring force. Since the static for 
in the springs is transmitted through th 
cage to the test specimen, a constant pr 
load is maintained on the specimen. — 

Should the test specimen creep during 
the test, cage E would be slightly lower 
and the vernier slide arm will conta 
the microswitch J, which results in 4 
justment of lower crosshead J to mat 
tain constant spring extension (constant! 
preload force in the specimen). Thus 
irrespective of the magnitude of cred 
the control system will maintain constal 
preload. The preload springs are designe® 
to ‘be extremely flexible (extension at fu 
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load greater than 2 in.) so that the con- 
trol and measuring system need not be 
excessively sensitive and also so that the 
change in force in these springs required 
to cause the control system to be opera- 
tive is negligible. 

One difficulty experienced during oper- 
ation of this follow-up. system was 
“freezing” of the microswitch. At the 
control point the switch actuator, vibrat- 
ing with the oscillator frame, trips the 
switch 3600 times a minute, which is too 
fast for the preload motor to respond. 
The resulting arcing is likely to weld the 
microswitch contacts together and, there- 
fore make the follow-up system inopera- 
tive. This difficulty was solved by incor- 
porating time delay relays in the follow- 
up circuit so that once the first contact is 
made the preload motor remains on for 
about two seconds, thus avoiding arcing. 

The upper crosshead R, which holds 
upper specimen arm A is vertically ad- 
justable and may be locked to columns 
I in any position by a friction type 
clamp. Bracket AA, also vertically ad- 
justable on columns 7’, supports furnace 
Band the measuring microscope assem- 
bly. An adjustable bumper O under the 
cage catches the cage assembly when the 
lest specimen breaks, and a microswitch 
shuts off the machine and furnace. 

The entire assembly is held by frame L 
bolted to heavy baseplate PL which is 
‘eismically mounted on springs so as to 
isolate the machine vibrations from the 
floor. Originally each machine was indi- 
vidually mounted on seismic springs. 
However, the vibrations during operation 
Were excessive from point of view of (a) 
the inertia force correction and (6) the 
ability of the micrometer. microscope 
‘quipment to withstand vibration. Con- 
sequently, in the final arrangement three 
or four dynamic machines are mounted 

'o each of two baseplates so that the 
weight of the battery of machines and 
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baseplate help to stabilize each machine. 
The disadvantage of this approach is 
that each running machine will have a 
very small, usually negligible, inertia 
effect on all other machines attached to 
the same baseplate. However, the ad- 
vantages gained by this approach far 
exceed the disadvantages. 

The machines and fixtures described 
above are designed for dynamic testing 
in the tension region only. Recent im- 
provements, not described in this paper, 
now permit testing in the compression 
region also. 

A partial view of the Syracuse Dynamic 
Creep and Rupture Laboratory is shown 
in Fig. 4. This laboratory has two static 
machines and seven dynamic testing 
machines, partially shown bolted to base 
plates PL seismically mounted on helical 
coil springs YQ. Each machine has an 
independent temperature control panel 
shown in the rear. - 


~CRrREEP-MEASURING EQUIPMENT 
AND PROCEDURE 


After due consideration of accuracy, 
simplicity, and flexibility of various 
creep-measuring systems, it was decided 
to use a double micrometer microscope 
method. The microscope assembly for 
sighting on targets to measure creep was 
specially developed for this work and is 
shown in Fig. 5. Microscopes Y and Z, 
with movable cross-hair type of microm- 
eter head A and B, are attached to slide 
W. Frame V guides slide W which is 
moved vertically by means of the 
micrometer hand wheel X. 

To measure small values of creep and 
vibration amplitude, the microscopes are 
positioned by micrometer head X and 
the actual measurements are made with 
micrometers A and B. Large creep, be- 
yond the range of micrometers A and B, 
may be measured by micrometer head X. 
Frame V is seismically supported within 


bly 
US- 
ing 
art- 
ible | 
ting 
eC 
ull | 
1 
al 
test 
| the 
itr 
that 
pro- 
vitct 
and 
th 
slid 
rings 
s th 
forct 
the 
pre: 
uring 
vered 
ntact 
n ad 
mail 
stant | 
Thus, 
creep 
stant 
joned 


766 LAZAN ON DyNAMIC CREEP AND RupPTURE PROPERTIES 7 


support U by means of three rubber type _ ings, the stress distribution in the test 
springs D of proper spring constant. specimen may be determined. 
Thus, even though support U is rigidly A stroboscopic light source is used for . 
attached to the machine and vibrates this microscope equipment so that the “ 
with it during measurement, the magni- vibrating measuring targets on the test . 
tude of the high-frequency vibrations in specimen may be viewed in either the 
the seismically mounted micrometer “slow-motion” or “stopped” position, 
_ microscope assembly is greatly reduced. The controls for this stroboscope and its 


View of the Syracuse Dynamic Creep and Rupture Laboratory. 


_ This not only improves measuring accu- method of use are shown in Fig. 4. The 
racy but also prolongs microscope life. light source Z for the microscope targets 
The microscope assembly is positioned is flashed at the operating frequency 0 
and clamped in front of the measuring the machine (3600 cycles per min.) by 
BaP in the furnace by means of means of mechanical contactor and phase 
three balls which fit in conical holes in shifter device C driven by small sy? 
the bottom of bracket U. Three such sets chronous motor M. Since both the flash- {, 
of three balls are adjustably attached to ing frequency and _ the vibration 
bracket A A in Fig. 2 so that readings frequency are equal, the specimen targets i 
may be taken on any one pair of the three appear stationary and their position ca. 560) 
pairs of specimen targets spaced at 120- be conveniently read on the micrometet ecce 
ms By taking: the three 120- deg. read- microscope. 
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However, it is important to read the 
target consistently at the same position 
of its vibration cycle. The target position 
is therefore measured when the eccentric 
is vertically downward at the instant of 
greatest tensile stress during the stress 
ycle. This is done for reasons of con- 
sistency and also because the flash phas- 


Fic. 5. 


ing is less critical at the peak stress 
values, when the target velocity is a 
minimum, than elsewhere. To accomplish 
the above phasing a second stroboscope 
A, actuated by the same mechanical 
‘ontactor and therefore flashed syn- 
chronously with the microscope strobo- 
‘ope, is placed to illuminate the 
‘centric. The procedure is to adjust the 
‘ontactor C until the eccentric mass as 


Stroboscopic Micrometer-Microscope Assembly. 


viewed stroboscopically appears to be 
vertically downward and then the target 
position is read with the measuring 
microscopes. 

During the first dynamic tests micro- 
scope targets were scribed on platinum 
strips wired to the enlarged shoulders of 
the test specimen, which were grooved 


to accommodate the wires. However, it 
was found that prolonged vibrations 
loosened such strips due to creep and re- — 

laxation in the fastening wire at the high 
temperatures. An attempt was then made 
to plate platinum directly on the enlarged 
shoulders of the specimens. It was felt 
that if the plate could be made to with- 
stand 1500 F. there would be less possi- | 
bility: of slip ) or creep betwee 
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‘specimen during prolonged dynamic 
_ tests. At the same time the threaded ends 
of the test specimen could be plated so as 
_ to make removal of the corroded speci- 
men after a long test less difficult. How- 
ever, although a plating which was sound 
at room temperature could be produced, 
blistering and peeling of the plate 
occurred at the elevated testing tempera- 


5.25" 
177" 129" 
0457 
| 

Target Hole 


Thermocouple Hole 


No.l2 Drill, Deep 


112” 
See Details 
f° Below 
16 


_ Test Specimen Dimensions 


Enlarged Shoulder Showing Target Hole Details 


Fic. 6.—Specimen for Dynamic Creep 


and Rupture Tests. 


attempted, and since none proved to be 
wholly successful, this plating approach 
was abandoned. The targets next investi- 
gated include spot welded platinum 
disks, small platinum screws, and peened 
platinum plugs. The simplest approach 
which proved successful is described 
below. 

Six small holes are drilled in the en- 
larged shoulders of the test specimen 
shown in Fig. 6 so that the root of the 
holes are larger than the mouth of the 
holes. This is accomplished by slightly 
rotating the specimen (approximately 2 

deg.) about an axis perpendicular to the 
drill at the point where the drill enters 
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the specimen. Short lengths (approxi- 
mately ;'¢ in. long) of platinum wire of 
diameter equal to the mouth of the hole 
(approximately 4’; in.) are then placed 
in these holes and peened with a special 
tool so as to upset and expand the bottom 
or root end to fit the wedge-shaped con- 
tour of the hole. The shoulders of the 


Fic. 7.—Autographic Creep Recorder. 


specimens and the platinum plugs ate 
then polished and a very fine dot & 
scribed on each plug to provide targets 
for the measuring microscopes. This 
approach requires only a small amoutt 
of platinum (approximately 10 cents pe 
target) and provides an extremely seculé 
base for the target. 

Other equipment used for creep mea» 
urement and autographic recording © 
shown in Fig. 7. In this equipment (0, 
the output of a linearly variable trans 
former attached to the lower end of gr? 
D (Figs. 2 and 3), outside the furnace, 5 
divided by sensitivity switches 5, re 
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fied by A, and recorded by multipoint 
recorder M. Since grip and machine ex- 
pansions and contractions under tem- 
yerature change and specimen thread 
efiects are included in this measurement, 
this creep recording device can be used 
nly in tests with large creep or as a 
check on the microscope method and 
during overnight runs. 


FURNACES AND TEMPERATURE CONTROLS 


Special furnaces were constructed with 
two windows, one opposite each sighting 
target, at 120 deg. spacing around the 
circumference. Such measurement at 120 
deg. provides a means of evaluating the 
eccentricity of the static and alternating 
load so that corrective measures can be 
taken to assure a uniform stress distri- 
bution on the test specimen. 

Temperature distribution within the 
furnaces is measured with a special cali- 
bration assembly containing three ther- 
mocouples along the test section of the 
specimen and two end thermocouples, 
one in each hole in the enlarged portion 
at each end of the specimen (see Fig. 6). 
Shunts on the furnace are adjusted so 
that all five thermocouples are register- 
ing within +5 F. of the desired tempera- 
ture. During an actual test only two 
thermocouples are used, one in each end 
uole, and their temperatures are meas- 
ured before starting a test to assure 
temperature uniformity within the de- 
sired limit. One of these two thermo- 
couples is used for control purposes 
during the test, and the second is used 
lor checking purposes and as a standby. 

Each furnace has its own temperature 
control panel consisting of a Leeds & 
Northrup micromax recording potenti- 
ometer operating through a Thyratron 
lube Reactrol control for four units and 
through a Leeds & Northrup MED- 
DAT controller for the remaining five 
units. These proportioning units main- 


tain the control thermocouple constant _— 
in temperature within +3 F. 


THe Test SPECIMEN AND 
Irs PREPARATION 


The shape of the test specimen is 
shown in Fig. 6. The test section is 0.252 
in. in diameter and has a 1.12 in. fillet 
on each end. The straight section of 
1.77 in. was calculated to provide a 
mathematical gage length of 2 in. so as 
to simplify creep calculations. That is, 
from stress versus creep data each fillet 
was calculated to be approximately 
equivalent to 0.115 in. of straight test 
section length and the mathematical or 
effective gage length is therefore 1.77 + 
0.115 + 0.115, or 2.00 in. total. A 
straight test section of this type, al- 
though not essential for fatigue or 
rupture data, is required for creep 
measurement. 

Since, in the dynamic creep and 
rupture tests, dynamic stress constitutes 
a large percentage of the total load, 
particular attention to the surface finish 
is necessary. Although normal surface 
finishes are generally acceptable for 
the static creep and rupture test, the 
dynamic tests under discussion require 
a surface finish comparable to that 
required for a fatigue test specimen if 
stress concentration effects are to be 
avoided. Furthermore, the scratches 
should be longitudinal (as in a rotating- 
beam fatigue test specimen) so that 
stress is parallel rather than perpen-— 
dicular to the scratches. 

The first attempt at finishing the 
specimens as described above was with 
a 2.25 in. diameter grinding wheel (1.12 
in. radius same as fillets in test speci- 
men). The specimen was slowly rotated 
in a lathe as the grinding wheel was 
operated at high speed with its axis of 
rotation perpendicular and offset 1.12 
in. from the surface of the specimen. 
However, this approach was found to be 
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impractical. The small diameter of the 
specimen and its long 2 in. gage length 
(unlike the usual fatigue specimen whose 
test section frequently consists of one 
‘bral fillet) and the small diameter of 
the grinding wheel resulted in wheel 
chatter, wear, etc., and a suitable surface 
finish could not be produced. After 
considering several other methods of 
finishing the test specimens, the follow- 
ing belt sanding method was developed. 
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Lever E, which positions the axis of 
rotation of the right-hand pulley over 
which the sanding belt runs, may be 
used to oscillate the sanding belt ver. 
tically so that different regions of the 
belt are placed in the sanding position 
behind the specimen. Thus, _practi- 
cally the entire width of the sanding 
belt may be used effectively, result- 
ing in prolonged belt life and im- 
proved specimen finish. Specimens are 


Fic. 8.—Setup for Finishing Test Specimens. 


A photograph of the specimen finish- 
ing setup is shown in Fig. 8. Test speci- 
men S is slowly turned on centers in 
the lathe shown. Attached to the car- 
riage A of the lathe is an endless belt 
sander B to which is attached a hardened 
guide block C. An endless sanding belt 
D with specially constructed constant 
thickness lap joints is run over this 
guide block. The shape of guide block 
C is such as to produce the desired 
contour in the test specimen, and the 
specimen diameter is controlled by 


’ d positioning the carriage A as necessary. 


belt sanded under a constant flow a 
coolant from nozzle L so as to avoid 
overheating of the surface of the spec: 
men. Also sharp sanding belts and lov 
pressures are used to minimize surface 
distortion effects (8). A 100 grit belt i 
used first for specimen contour adjust 
ment, followed by a 280 and 500 gr 
belt for finish. Specimens are finishe’ 
true within a few ten-thousands of # 
inch, and the surface has the hig: 
polish required for fatigue specimen 
This method has proved to be an ade 
quate solution to the specimen finishite 
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TABLE I.—TEST MATERIALS. 


P AND RUPTURE PROPERTIES 


Material Designation N 


D 
‘ommercial name pees N-155 S-816 Vitallium 19-9DL 
OS eee Universal Cyclops | Alleghany Ludlum | Haynes Stellite Co., | Universal cyclops 
Steel Corp., Titus- Steel Corp., Water- Kokomo, Ind. Steel Corp., Titus- 
ville, Pa. vliet, N. Y. ville, Pa. 


Heat number A-115344 42008 573 B-10429% 
material... 9-in. billet from | 6-in. cast ingot Precision cast 9-in. billet from 


10,000-Ilb. arc-fur- 
nace 


Delivered form of raw 


material...............| Upset Disk-21 in. | Rolled into 0.78 in. | Precision cast Upset Disk-19.2 in. 
. diameter by 3.25 in. diameter bars. diameter by 3.25 in. 
Finished at 1630 F. Water quenched Finished at 1640 F. 
from 1950 F. Cen- 
terless ground to 
3 in. diameter. 
Final heat treatment .| Disk stress-relieved | Water quenched rom) Aged at 1350F.for50 | Disk  stress-relieved 


at1200F.for2hr. | 2300 


air cooled | 1400 F, for 2 hr. air cooled. 
| Furnace cooled. 

Micrograph shown in 

gure...... 9 10 11 12 
Rockwell “A” hardness. . 56 to 62.5 64 to 65 68.5 to 71 56.5 to 61. 

Chemical Composition, per cent 
0.15 0.42 0.28 .33 
eee 1.74 1.03 0.60 1.14 
See 0.37 0.30 0.69 0.65 
Chromium 21.7 19.8 26.7 19.1 
a 19.4 20.2 2.7 9.1 


Balance. 


problem. However, the magnitude of 
surface distortion and its significance 
m tums of specimen properties have 
hot yet been evaluated. 


Test MATERIALS 


ihe test materials, suppliers, heat 
tumbers, the initial and final form of 
the raw material, hardness, and chemical 
‘omposition data are given in Table I. 
he heat treatment used in preparing 
the test specimens is not necessarily 
the best for resisting the imposed loads; 


* Originally furnished to Battelle Memorial Institute (5). 


10,000-lb.arc- fur- 
nace 


F. Aged at hr. Furnace cooled at 1200 F. for 2 hr. 


rather, it is generally the same as that 
used in previous static work (5) so that 
more direct correlation is possible. 

The specimen numbers used have 
the following meaning. The prefixing 
letter designates the material as in- 
dicated in Table I. Specimens machined 
from the forged disks (N-155 and 19-9- 
DL) were assigned the suffixing letters 
X, Y, and Z to designate radial location 
on the top, middle, and bottom, re- 
spectively. 

All hardness measurements were made » 
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lic. 9.—Photomicrograph of Material N: N-155. 


2 
1000 
Fic. 10.—Photomicrograph of Material S: S-816. 


near the test section. All metallographic Test PROGRAM AND PROCEDURE 
‘specimens were polished and electroly- Although the machines described 
tically etched in 10 per cent chromic under “Testing Equipment” are capable 


acid, _ of imposing reversed cyclic stress or 
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1000 
Fic. 11.—Photomicrograph of Material.V: Vitallium. 


1000 
Fic. 12.—Photomicrograph of Material D: 19-9DL. 


‘ven unidirectional compressive stress, simplifying the testing procedure in 
the specimen grip design is greatly this first test program, it was decided 
“omplicated if buckling and eccentricity to confine the work to unidirectional 
under compressive load are to be con-_ cyclic tensile forces (instantaneous stress _ 
‘rolled. Therefore, in the interest of S in Fig. 1 always on the tension side), — 
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The maximum vibration alternating- 
mean stress ratio A (see Fig. 1) for the 


- unidirectional tension case is one (cyclic 


stress from zero stress to maximum 
tension) and the minimum A value is 
zero (static stress). It was decided to 
cover this vibration amplitude-mean 
stress region by three ratios: A = 0, 
0.25, and 0.67. Confining all tests to 
three definite amplitude-mean stress 
ratios, rather than using the same 
alternating loads for all mean stresses, 
or some other similar approach, sim- 
piifies the analysis of the data and 
generally gives a better distribution to 
the test results. The vibration trough- 
‘crest stress ratios (see Fig. 1) which 
correspond to these three amplitude- 
‘mean ratios are T = 1 (equivalent to 
A = 0), T = 0.6 (equivalent to A = 
0.25), and T = 0.2 (equivalent to A = 
0.67). 

Summarizing the test conditions, each 
material was tested at each of two 
temperatures (1350 F. and 1500 F.) 

under unidirectional dynamic tension 
having three vibration amplitude-mean 
‘stress ratios (4 = 0, 0.25, and 0.67) 
at a fixcd cyclic stress frequency 
— (3600 cycles per min. or 5,184,000 
cycles per day). The combination of 
stresses selected for test purposes was 
_ generally within the range causing rup- 
ture in from 3 hr. to 800 hr. 

The standard test procedure is as 


follows: 


1. Apply 1500 psi. static tension to 
the cold specimen, which stress is main- 
tained during the heating period. 

2. Heat specimen to desired tempera- 
ture, which generally requires approxi- 


mately 2 hr. 


3. After specimen attains its testing 
temperature, measure location of all 
specimen targets. 

4, One hour after the testing tempera- 
ture is reached by the specimen, the 


preload vernier is set to the desire 
tensile preload (mean stress S,,), start- 
ing the preload motor which increases 
the static tensile stress at the rate of 
8400 psi. per min. 

5. As soon as the full preload js 
reached, the preload motor automatically 
stops, at which time the target positions 
are again measured. 

6. After the specimen has been at 
full preload for 10 min., the eccentric 
mass, previously set to produce the 
desired alternating force, is gradually 
brought up to speed. , 

7. Target positions are measured peri- 
odically thereafter, using stroboscopic 
light for the microscope as explained 
under “Measuring Equipment and Pro- 
cedures.” The dynamic creep so deter- 
mined is at the instant of peak or crest 
stress, S, in Fig. 1. 

The total extension at any instant 
of time can be determined from the 
target spacing (2-in. effective gage length 
between targets) at the instant of 
maximum load minus the target spacing 
measured in step 3. This extension, 
therefore, includes the elastic extension 
between the stress of 1500 psi. and the 
static preload. However, since this 
elastic extension is generally very smal! 
compared to the total extension, no 
distinction is made between the total 
extension as defined above and total 
creep as used in data and discussions 


presented later. a 


The experimental data giving the 
dynamic creep and rupture properties 
are presented in the following order 
for material N-155: 

1. A summary table, Table II, which 
lists all the specimens tested by number 
and summarizes specimen loading, test: 
ing temperature, hours to rupture, pé 
cent elongation, and appropriate notes 


Test RESULTS 
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2. A plot in Figs. 13 and 14 of the 
total creep versus time for all specimens, 
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are replotted within mean stress versus _ 
alternating stress coordinates in Fig. 16 


y number, included in Table II. Sub- 
sequent plots were made to log-log 
sale to avoid crowding early stage 


to give the stress combinations which 
cause rupture and 2 and 0.5 per cent 4 
creep in 10, 50, and 200 hr. at 1350 F. 


creep data. : and 1500F. These summary curve 


TABLE II.—DATA FOR TEST MATERIAL N: N-155 ALLOY. 


Alternating-,  “PPlied Stress, psi. Testing | Time to per cent 
Mean Stress ~ Rupture, Notes 
Ratio A | Mean | Alterna-| Mazxi- Fahr. Uncor- | Cor- 
| ting mum rected? | rected” 
N 162 0.66 25.5 16.8 | 42.3 1350 10660 | «7.2 6.2 é 
N 732 0.69 24.0 | 16.6 40.6 1350 92.9 | d 
Nilz 0.70 30.0 21.0 | 51.0 1350 | 26.2 3.0 3.0 |Elong. Approx. 
N 75x 0.67 30.0 | 20.0 50.0 1350 18.2 4.9 4.7 1.93 gage 
Nix 0.64 27.0 17.3 44.3 1350 71.3 3.9 2.7 
N 70y 0.64 24.0 15.3 39.3 1350 445 5.8 5.4 e 
N22 0.65 22.5 14.5 | 37.0 1350 432 0.7 0.7 a 
N 6Ebz 0.67 34.5 23.0 |} 57.5 1350 53 7.3 5.8 e 
N 66F Bz 0.67 27.0 | 18.0 45.0 1350 43.3 4.4 2.7 
Nix | 0.67 | 34.5 23.0 57.5 1350 3.3 8.6 7.0 e 
N iSy 0.24 38.0 9.0 | 47.0 1350 14.3 9.5 | 9.5 
N 73y 0.22 32.0 7.0 39.0 1350 41.2 12.4 | 11.8 e 
N Joy 0.25 28.0 7.0 35.0 1350 115.6 8.8 8.6 ¢ 
N Tay 0.25 24.0 6.0 30.0 1350 651 10.9 9.8 e 
N Ty 0 | 40.0 0.0 | 40.0 1350 10 15.8 15.6 
N 78x 0 | 30.0 0.0 30.0 1350 106.6 22.0 | 21.4 
N dy 0.66 18.0 | 11.8 | 29.8 1500 64 4.8 4.5 e 
N 742 0.66 21.0 13.8 34.8 1500 50 7.3 6.8 ae 
N 73x 0.65 24.0 15.6 39.6 | 1500 6.7 9.7 1.7 ¢ 
N 702 0.66 18.0 11.8 29.8 1500 139.9 6.1 4.6 ¢ 
N 76x 0.67 16.5 11.0 27.5 1500 266.7 6.9 6.3 ¢ 
N 752 0.25 24.0 6.0 30.0 1500 12.3 16.3 14.2 “f 
N 74x 0.25 20.0 5.1 25.1 1500 73.7 10.3 9.8 € 
N 70x 0.25 18.0 4.5 22.5 1500 165.2 8.6 6.7 e 
N72 0.25 16.0 4.0 20.0 1500 332.8 3.6 3.4 
N iz 0 27.5 0 27.5 1500 3.6 20.8 20.5 
N 66Dz 0 20.0 20.0 1500 67.9 10.4 9.6 


* Uncorrected per cent elongation is determined from measurement of the length of the fractured specimens matched 


at the fractured section. 


_ Corrected per cent elongation is determined by subtracting from the length measured (footnote a,above) the length 
“the Maximum surface opening of the properly matched fractured section. This surface opening correction is intended 
o¢liminate purely localized deformation which occurs after the fracture has started and progressed across most of the 


specimen. In most cases this correction is quite small. 


gage length, determined mathematically (see text), was 2.05-2.12. 

, uipment or power failure or other incidents which resulted in stoppage of the test at hours indicated. ’ 
he —_ tests in which there was a 10 to 15 per cent dynamic overstress in the specimen for a fraction of a second during 
r 


t of the vibration (see text). 


3. Data from table (1) and creep 
curves (2), above, are plotted in Fig. 15 
\o show the stress versus time for rupture 
and also stress versus time for 2 and 
U3 per cent creep for each of three 
altemating-mean stress ratios (A = 
', 0.25, and 0.67), and for each of two 
‘emperatures (1350 F. and 1500 F.). 

4. Data from curve sheet (3) above 


- 


sheets most clearly show the effects of 
superimposing cyclic stress on a static 
preload. 

Essentially the same plotting proce- 
dure was used for S-816, Vitallium, and 
19-9DL. However, in the interest of 
conserving space only the final summary ~ 
sheets of type (4), above, are shown 
for these materials in Figs. 17, 18, and — 


| 
| 

i 
eS 
4 
be 
es. | 


CREEP AND RUPTURE PROPERTIES 


75-¥ 
73-¥ 


0.080 - 
76-Y 
75-x 
0070 | 
71-2 
7I-x 
66-FBZ 
0050 
— 
a 
5 0040 
a | 
| 
7 
cat | 
| | 
| | 
() 20 40 60 80 100 i20 140 160 
Time, hr 


Fic. 13.—-Total Creep-Time Curves for N-155 at 1350 F. 


if 


| 
| 
= 


20 40 60 80 100 120 140 160 180 200 220 240 260 


Time, hr. 
Fic. 14.—Total Creep-Time Curves for N-155 at 1500 F. 


19. Some of these curve sheets are in- cent elongation, is an important 
complete due to insufficient data at the gineering property, the per cent elonga- 
time this report was written. tion data are plotted in Fig. 20 as 4 
Since ductility, as indicated by per function of the alternating-mean stré> 
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atio A. The points shown are the 


verage of both the corrected and un- 
rected elongations (see footnotes to 


fable II for distinction). 


DISCUSSION OF RESULTS | 
Of the several types of data and 
uve sheets discussed under “Test 
esults,’ the summary curves of type 
}) showing both the static and dynamic 
reep and rupture data within the mean 
ress versus alternating stress coordinate 
ystem, are the most revealing. These 


Rupture Data 


2% Creep Data 
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equivalence ratio E is defined as the 
ratio of the allowable mean stress Sim 
under dynamic loading to the equivalent 
static stress S, which causes the same 
creep or rupture behavior. Figure 21 
shows this mean dynamic to static 
stress equivalence ratio as a function of 
temperature and stress ratio A for 
rupture and 2 and 0.5 per cent creep 
in 10, 50, and 200 hr. In this curve 
sheet, data for each test material is 
shown as solid lines properly identified 
by letters, and the average of all the 


ue 0.5% Creep Data 


wo 


Mean Dynamic to Static 
Stress Equivalence Ratio-E 


Hours to Rupture —> 


7 


Hours to Rupture ——> 


Data for A= 67 
— ——Dota for A=.25 


1350 — 1500! 


l1350 


— 1500] — 1500 


Temperature During Test, deg. Fahr. 


Fic. 22. 


fiect of Temperature on Mean Dynamic to Static Stress Equivalence Ratio E£ for 


Dynamic Creep and Rupture Behavior. Average Ratios Compared. 


‘urves show that at 1500 I°, the super- 
sition of alternating stress on tensile 
reload or mean stress does not, in 
seneral, greatly affect the time to rupture 
“creep associated with the same mean 
‘tress applied statically (zero alternating 
‘tress). At 1350F., however, cyclic 
‘tress has, in general, a more pronounced 
influence, particularly for high stress 
rie where time to rupture is relatively 
short, 

In order to demonstrate further the 
above trends and for purposes of discus- 
‘on, the mean dynamic to static stress 


four materials discussed in this paper 
is shown as the dashed line. To facilitate 
comparison, these average values are 
replotted in Fig. 22, in which the solid 
lines represent an alternating-mean stress 
ratio of 0.67 and the dashed lines give 
the data for A = 0.25. The following 
discussion is based on values and trends 
displayed in Fig. 22. 

A ratio E of unity means that the 
addition of alternating stress to a mean 
preload does not affect the fracture 
time or creep. If £ is larger than one, 
the addition of cyclic stress actually 
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increases life or reduces creep; and if E 
is smaller than unity, cyclic stress ac- 
celerates creep or rupture. An unex- 
pected result, shown in Fig. 22, is that 
all dynamic creep and rupture data at 
1500 fk. for A = 0.25 show average 
values larger than unity and as high 
as 1.05. It is indeed surprising that 
higher allowable stresses are permissible 
under dynamic conditions than under 
static forces, and speculatory reasons 
for this behavior are discussed later. 
Even for a stress ratio A of 0.67, equiv- 
_alence ratio E may exceed one at 1500 F.; 
and the average of creep and rupture 
data for these four materials has a 
minimum value of 0.93, a surprisingly 
high ratio by room temperature stand- 
_ ards. 

At 1350F., however, cyclic stress 
pronouncedly accelerates creep and rup- 
ture. Although these trends displaying 
reduced equivalence ratio E with re- 
duced temperatures are shown over 
the narrow temperature range of 1500 
to 1350 F., this trend in all probability 
continues downward since at room 
temperature ratio E for rupture is 
generally considerable lower than shown 
in Fig. 22. Summarizing, the importance 
of cyclic stress as an accelerator of 
creep and rupture decreases with in- 
creasing temperatures, and, in fact, at 
sufficiently high temperatures, cyclic 
stress may even decelerate creep and 
rupture. 

At the high alternating-mean stress 
ratio of 0.67 the equivalence ratio E is 
smaller for high stress level, short-life 
tests (say 10-hr. data) than for low 
stress, long-time tests (say 200-hr. data). 
The possibility that at high stress 
levels the internal hysteresis damping 
of the material caused the temperature 
of the test section to rise above that 
of the specimen ends containing the 

control thermocouple was considered 


as a possible cause of this behavior 
However, no evidence could be found 
of this temperature difference. Specuk. 
tions as to possible causes of this trend 
are discussed later. 

The surprisingly small destructive 
effect of up to 67 per cent alternating 
stress at 1500 F., and particularly the 
increase in some cases in allowable 
mean stress resulting from the super. 
position of vibrations, is one important 
result of this work which should receive 
further study. As a first step towards 
better understanding of this unexpected 
behavior, a theoretical analysis is given 
in the Appendix of the dynamic creep 
under cyclic stress. In this analysis itis 
assumed that the instantaneous creep 
rate is proportional only to a power 
of the instantaneous stress. As discussed 
in the Appendix, this assumption is 
based on a more fundamental assumption 
that, (a) cyclic stress or, in general, 
what might be called stress history (), 
does not affect the metallurgical struc- 
ture of the material and its properties 
differently than static stress, and (b 
that the instantaneous creep rate 
independent of rate of change of stress. 
That these assumptions are probably 
unjustified is indicated by the following 
three observations: 

1. The Appendix and Fig. 23 indicate 
that the equivalent static stress S, (s 
previous definition) for A of 0.67 should 
be closer to the peak dynamic stress 5. 
than to the mean dynamic stress 5». 
For this case the theoretical value of £ 
is approximately 0.72. The experiment! 
observation that S, is actually much 
closer to Sm than S, (E varies betwee! 
0.93 and 1.05 at 1500F.) might 
dicate either a stress rate effect or that 
the sustained cyclic stress affects the 
metallurgical solid state in such a Way 
as to strengthen the material. 

2. Metallographic studies now —_ 
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way indicate that sustained cyclic stress 
may accelerate precipitation, aging, and 
ther solid state transformations. An 
investigation, in which a comparison is 
made of the final solid state condition 
of specimens subjected (a) to tempera- 
ture only, (6) to static stress and temper- 
ture, and (c) to dynamic stress and 
temperature is now under way. 

3. Recent work (8) indicates that 
ere are continuous changes in damping 
pacity, an extremely structure-sensi- 
tive property, and dynamic modulus of 
elasticity of materials subjected to high 
yclic stress even at room temperatures. 
\lso, sustained cyclic stress accelerates 
precipitation hardening of aluminum 
lloys at room temperatures and de- 
reases damping capacity (9). In fact, 
ibratory stress “sufficiently prolonged 
roduces changes in metallurgical condi- 
ions normally associated with tempera- 
ure aging and annealing” (9). At ele- 
ated temperatures, similar and perhaps 
nore pronounced changes are reasonable 
n precipitation-hardening alloys such 
as the temperature-resistant materials 
under discussion. 

In view of the above observations, 
metallographic and other investigations 
of the effect of cyclic stress on solid 
state reactions, precipitation, transforma- 
tions, and changes in structure will be 
emphasized in future work. Since such 
teactions are probably dependent on 
(a) temperature, (6) static and cyclic 
stress history, and (c) time, all the 
trends displayed in Fig. 22 may be ex- 
plainable after these three fundamental 
lactors have been evaluated. 

Dynamic creep and rupture data 
presented as a function of mean and 
iltemating stress as shown in Figs. 16, 
M7, 18, and 19, should be of value to 
design engineers. These curves show 
that in applications where clearance, 
ac, ‘s Important, dynamic creep con- 
siderations may reduce the allowable 
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stress substantially below that indicated 
solely by rupture considerations, particu- 
larly at high temperatures. 

In selecting materials for service, the 
per cent elongation of the ruptured 
specimen is generally considered im- 
portant as an indication of ductility. 
In this connection, the greatly reduced 
per cent elongation shown in Fig. 20 
for the dynamically loaded specimens 
is significant. The relative ductility 
rating under static tensile stress may 
be quite different from that under 
dynamic tensile stress. In this connec- 
tion, the flat curve for S-816 at 1500 F. 
is worthy of notice. Also to be observed 
is the low elongation (1.7 per cent) of 
Vitallium at both 1350 F. and 1500 F. 
for an alternating-mean stress ratio 
of 0.67. 

Although the average per cent elonga- 
tion data revealed rather consistent 
trends, as shown in Fig. 20, there is 
significant deviation in elongation from 
the average for a given material, temper- 
ature, and alternating-mean stress ratio. 
Attempts to associate this deviation 
from the mean elongation values with 
stress level or time to fracture were 
unsuccessful. Further study of fracture 
characteristics, now under way, and 
material variability may reveal the 
causes of this scatter. 

In general, statically loaded speci- 


mens show appreciable local yielding — 


preceding fracture, and the reduction 
in area is generally large. In dynamically 
loaded specimens, however, the fractures 
generally occur by progressive growth 
of minute cracks, and 
failures with several distinguishable 
regions result. Fracture studies are now 
being made to explain these distinguish- 
able regions. 


SUMMARY AND CONCLUSIONS 


1. The newly developed testing and 
measuring equipment are well suited 


fatigue-type 
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for evaluating the dynamic creep and 


rupture properties of materials at ele- - 


vated temperatures. Although the tests 
reported in this paper were performed 
under unidirectional] tensile fatigue loads, 
the equipment and newly developed 
fixtures enable fatigue testing under 


reversed stress or unidirectional com- 
pression. 
2. A very satisfactory method of 


presenting dynamic creep and rupture 
data is to plot a family of curves within 
an alternating stress versus mean stress 
coordinate system to show the combina- 
tions of dynamic stress which cause (a) 
rupture in V hours and (b) M per cent 
creep in N hours. 

3. Such curves show that at 1500 F. 
the superposition of up to 67 per cent 
alternating stress on tensile preload 
does not generally affect the allowable 
static preload (or mean stress) for a 
given rupture life or dynamic creep by 
more than 8 per cent for the materials 
tested. 

4. At 1350 F., however, the presence 
of 67 per cent alternating stress may 
reduce the allowable static stress by as 
much as 25 per cent. In general, the 
shorter the hours to failure the greater 
the reduction caused by the superposition 
of alternating stress. 

5. The addition of alternating stress 
may in many cases even increase the 
allowable static preload at 1500 F. for 
a given rupture time or creep; up to 
8 per cent increase for 25 per cent al- 
ternating load and up to 3 per cent 
increase for 67 per cent alternating load. 
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6. The observed increase in allowabj 
mean stress resulting from the additigy 
of alternating stress may be associate) 
with the accelerating effects of vibratig: 
on solid state reactions, such as precipi- 
tation and age hardening. This promis: 
to be a fruitful field for metallurgic:) 
research. 

7. Per cent elongation to fracture i: 
pronouncedly reduced by the super. 
position of alternating stress over stati 
preload. For the materials tested, the 
average per cent elongation in a dynami: 
test with 67 per cent alternating stress 
is reduced to approximately 40 pe 
cent of that caused by static loading 
Since different materials are affecte! 
differently by dynamic stress (elongation 
reduction varied from 29 per cent to 
63 per cent of the static value), the 
relative ductility rating of material 
under static loading may be significantly 


different from that under dynamic 
loading, 
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THEORETICAL RELATIONSHIPS BETWEEN STATIC AND DyNAMIC CREEP 


There are three main reasons why the pre- 
diction of creep under cyclic stress (dynamic 
creep) from creep data procured under static 
loading (static creep) is difficult: 

1. Nonlinear Creep Rate-Stress Magnitude 
Relationship.—Creep rate is not generally 


linearly proportional to stress, but rathe 
proportional to some power or other functio! 
of stress. The addition of cyclic stress should 
therefore, generally result in creep large 
than that associated with the mean low 


applied statically. 
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2. Dependence of Instantaneous Creep Rate 
m Rate of Change of Stress.—The inelastic 
ehavior of materials is frequently depend- 
nt on the rate of increase of stress (11). 
The variable rate of stress increase and de- 
rease during cyclic stress must therefore 
considered. 
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mations or it may cause slip or other forms 
of lattice distortions different from that r 
caused by static effects. There is some evi- _ 
dence that this factor may be one of con- 
siderable importance. 

(6) During a stress cycle such short-term 
factors as the ‘“‘memory”’ effects, hysteresis P 
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b Fic. 23.—Theoretical Curves Showing the Effect of Alternating Stress on Creep, 


Equivalent Static Stress which will Cause Some Creep Se 


Assuming Negligible Stress History Effect. 


_4. Stress History Factor.—The cyclic stress 
ustory imposed during a dynamic creep test 
may affect the long term metallurgical change 
med by stress history or the short term 
‘ehavior during the stress cycle or soon 
thereafter. These two types of stress history 
tects are discussed below: 
., Over prolonged periods of time, cyclic 
May accelerate precipitation, aging, 


i solid state metallurgical transfor- 


loop, other inelastic behaviors, changed _ 
facility for lattice slip and distortion, etc., 
may cause the instantaneous creep rate at a 
given stress level to be different during a_ 
stress cycle than during a sustained static — 
stress or a uniformly increasing stress. ‘ 
Although a study is now under way on 
the stress history factor (3), its analysis will 
not be attempted at this time. Little is 
known also about the stress rate factor (2). 
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Consequently, only the nonlinear creep rate 
_ factor (1) is considered in this analysis. It is 
recognized that due to the omission of factors 
(2) and (3), large differences can be expected 
_ between the theoretical values determined 
below and experimental data. However, such 
an oversimplified analysis is a necessary 
- first step and will aid in establishing trends 
and reasons for observed behaviors. It is 
therefore assumed in the following analysis 
that the creep rate depends only on the 
_ magnitude of the instantaneous stress and is 
independent of previous stress history or 
stress rate. Thus, in addition to the limita- 
‘ems mentioned above, the results obtained 
- apply only to the second stage (linear-with- 
_ time region) of creep. 

The static creep rate versus stress magni- 
tude relationships for the temperature- 
resistant alloys under consideration were 

determined from previous work (5). Since 


TABLE III 


| Values of E | Se | S. 


Vibration | de 

Ratio A So Se 
n=7\n=11 

0 1.000 | 1.000 1.00 1.00 
0.25 0.938 | 0.908 1.08-1.10 | 1.16-1.12 
0.67 0.736 0.698 1.32-1.43 | 1.23-1.16 
1.00 0.624 | 0.586 1.60-1.70 1.25-1.17 
2.00 0.426 | 0.399 | 2.34-2.52 1.27-1.19 
4.00 0.260 | 0.241 3.85-4.15 | 1.30-1.20 
9.00 0.135 | 0.122 | 7.42-8.22 1.35-1.21 


the log-log plots of these data result in 
reasonably straight lines, it may be assumed 

_ that the creep rate is proportional to some 
power of stress magnitude. Thus: 


where: 


= creep rate in inches per inch per hour, 
a proportionality constant, 

= stress magnitude in pounds per square 
inch, and 

the power or exponent determined 
from the slope of the log-log plots of 
minimum creep rate (linear portion of 
creep-time curves) versus stress magni- 
tude. 


The static creep data available indicates 
that the exponent » varies between 7 and 11, 
depending on the material, its treatment, 


and the test temperature. 
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During a cyclic stress test, the instantane. 
ous stress S$ at any instant of time may be 
defined as: 


S = Sm + Sa sin ft = Sn(1 + A sin ft). .(3) 


The terms used in the above equation are 
defined in Fig. 1. Combining Eqs. 2 and 3: 


C = + A sin fi)...... (4) 


The total creep in a time interval ¢, to ty is, 
therefore: 


to te 
Total creep | - | 
ty ty 


It is desirable to determine the equivalent 
static stress S. which will cause the same 
total second stage creep in a given interval 
of time as the dynamic stress (S, + 5, sin 


ft). Let the ratio 2 be defined as the mean 


te 
= Ks, [ (1 + A sin 


dynamic to static stress equivalence ratio 
E. Therefore: 


to t 
Total Creep ] 


ty ty 


= KS" (te — t,)/E". .(6) 


2 
KS” dt = 4) 


Combining Eqs. 5 and 6: 


te 
/ (1 + A sin ft)" dt 


ty 


E= 


Since there appears to be no simple ana- 
lytical solution for the above integral, graph- 
ical integration methods were used. In this 
analysis the values of » considered are 7,9, 
and 11 and the values of A considered are 
0.25, 0.67, 1.00, 2, 4, and 9. Table III gives 
the calculated values of E for the above 
mentioned values of ” and A. 

The calculated data given in Table il 
are plotted in Fig. 23 to show the theoretic! 
relationships between static and dynamic 
stress for equal second stage creep. The 
three curves shown connect static stress an¢ 


ao 


an 
reti 
1.1 
1 
| 
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iynamic stress combinations which will theo- 
retically cause the same total creep per 
interval of time. If, for example, the creep 
rate of a certain material at a certain tem- 
perature is a ninth power function of stress 
magnitude, then a dynamic stress of 0.13 + 
1.14 S, should cause the same total creep as 
, dynamic stress of 0.6 + 0.6 S., which in 
turn should cause the same total creep as a 
static stress of 1.0 + 0. S.. 

Also indicated in Table III and shown to 
scale in Fig. 23 are the mean stress S,, and 
quivalent static stress S, for cyclic stress of 
various amplitude-mean stress ratios A. One 
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interesting trend is the increasingly larger 
difference between S, and S,, as A increases. 
In fact the value of S, is closer to crest stress 
value S. than mean stress value S,, in most 
cases, the higher the exponent x the closer 
S. approaches S,. Another interesting trend, 
even though expected, is the larger the ratio 
A the higher is the crest value S, the speci- 
men can withstand without exceeding a 
specified total creep. Of course, in the region 
of A greater than approximately 1.00, the 
allowable stresses are limited more by rup- 
ture under dynamic stress (or fatigue failure) 
than by dynamic creep. 
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“T OF PULSATING LOADS ON THE CREEP CHARS <ACTERISTICS OF 


ar ALUMINUM ALLOY 14S-T* 


By M. J. Manjorne! 


SYNOPSIS 


This paper describes a creep-rupture testing machine in which oscillating 
and steady loads may be applied. This machine was developed to check the 
influence of adding a small oscillating stress to the steady stress in a creep- 


rupture test. The results of a series of tests at 400 F of 14S-T aluminum alloy 
specimens under an oscillating stress of 10 per cent of the mean stress are 


In the design of parts for turbines and 
compressors, the nature of the applied 
stress must be considered. Because of the 
high speed of rotation many of the parts 
are subjected to a steady centrifugal 
load. A vibratory or oscillating load is 
added to some of these parts since the 
impulses from the nozzles to the rotating 
blades are intermittent. These machine 
parts, under this type of combined stress, 
have been designed by assuming that 
either the mean of the vibratory stress 
is the dominant one or by making some 
assumption as to the manner in which 
the oscillating and mean stresses may be 
combined. The purpose of this paper is 
to describe a pulsating load creep- 
rupture machine and to report the results 
of a series of tests leading toward the 
objective of checking the validity of one 
of the present methods of combining 
oscillating and steady stresses. 

The tests reported herein are constant 
load and pulsating load creep-rupture 
tests of a 14S-T aluminum alloy at 400 F. 


* Presented at the Fifty-second Annual Meeting of 
the Society, June 27-July 1, 1949. 
! Research Engineer, Mechanics Dept., Westinghouse 
_ Research Laboratories, East Pittsburgh, Pa, 


reported. The effect of this oscillating stress depends on the magnitude of the 
mean stress. A possible explanation of the test results is discussed. 


Additional pulsating-load or range-i 
stress tests and 
planned as part of a long-range program 


MATERIAL 


The material from which the specimen 
were machined was a 14S-T aluminur 
alloy disk. The disk was hand forge 
from an eight inch round billet, solutio: 


treated at 940 F. for 3 hr. and then water 


quenched. The specimens were cut fron 
the disk as shown in Fig. 1 and machine 
according to the sketch in Fig. 2. The 
were then aged at 340 F. for 8 hr. Th 
chemical analysis of the disk is as follow: 


Comper, HOF CORE. 4.00 
0.35 
Aluminum, per cent..........- 93.37 
Manganese, per cent.......... 0.6 
Silicon, per cent. 
Magnesium, per 0.4 
Chromium, per cent......-: . trace 


TESTING MACHINE AND CALIBRATIO 
The pulsating-load creep-rupture ma 
chine, Fig. 3, is similar to the screw 
driven creep- rupture machine which bas 
been described in a previous paper (1.) 


* The boldface numbers in parentheses refer to the list 
of references appended to the paper, see p. 198 
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In the screw-driven machine, the load is 
applied through the deflection of a spring. 
This machine has been altered by adding 
a loading arm, A, Fig. 3, to apply the 
pulsating load. This arm is a “10 to 1” 
lever in which the long arm is cut into 
three segments. The outer segments, 
joined at the end, carry the steady load 
to the spring, B. The oscillating load is 
plied through the central segment of 
the arm by a rotating adjustable eccen- 
tric, C, shown at the rear of the machine 


rs, 1.—Sketch Showing General Plan for 
Sectioning Forged Disk of 14S-T Aluminum 
Allo 
All test specimens are oe tl blocks % by % by Sin. 


on the right. The frequency of the pulsa- 
tions can be varied from 3 to 30 cycles 
per sec. by the variable speed belt drive, 
D. Lower frequencies can be obtained by 
using the speed reducer adjacent to the 
variable speed drive. The loads are meas- 
ued and maintained through the use of 
the dial gages, EF, and the associated 
electronic circuits. The specimen, F, can 
Psurrounded and heated by the furnace, 
G. The recorder, H, plots a continuous 
record of the strain versus time. The 
motor and furnace controls are mounted 
in the panel, J, on the left side of the 
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machine. The machine has a capacity of \ 
10,000 lb. for steady loads and +1000 lb. 
for oscillating loads. 

The loading springs and indicating dial 
gages are calibrated both statically and 
dynamically. A dummy specimen of the 
same material as that to be tested is used 
in the calibration. This specimen, on 
which resistance strain gages are 
mounted, and the spring, B, are cali- 
brated statically as force dynamometers 
by placing the dummy specimen in the 
machine in series with a tension dyna- ; 
mometer. The dummy specimen is then 
assembled in the machine without the 
tension dynamometer the 
manner as a specimen to be tested noe 


= 


| Diam 


Bo 
Diem. 
%,-10 Thd 


T 
¥,-10 Thd. 
or *0.001" Diam 
0.479" 
Fic. 2.—Pulsating Load Specimen. 


the static calibration is completed. In this 
calibration the changes in the loads on 
the specimen and the loading spring are 
measured at several mean loads for 
various eccentric travels. The dynamic 
calibration is finally made by repeating 
this latter calibration ¢ at 2 and 20 cycles 


per sec. 
Test PROCEDURE 


After assembly into the machine, the 
specimen is brought to temperature and 
held several hours before loading. The 
distribution of the heat in the furnace is — 
adjusted until the top, middle, and 
bottom temperatures are within one to 
two degrees Fahrenheit of the test tem- 
perature. The steady load is applied by 
driving the upper crosshead by the screw 
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_ jack J (Fig. 3). The load is measured by 


the dial gage on the calibrated spring B. 
The oscillating load is then applied by 
attaching and starting the eccentric 
drive, the amount of eccentricity having 
previously been set. These tests were 
made with an oscillating load of + 10 per 
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(Fig. 3). At rupture the machine shuts of 


automatically. For the constant load 
tests the eccentric arm is disconnected, 


Test Data 


Pulsating-load and constant-loa 
creep-rupture tests were made at 400F. 


Pulsating Load Creep-Rupture Machine. 


Two machines, front and back views. 


cent of the steady load and at a frequency 
of 20 cycles per sec. The loading motor 
controls are set to maintain the maximum 
load in the cycle constant and, therefore, 
the mean load is constant. The recorder 
is connected and the creep-time curve is 
drawn autographically. The maximum 
and minimum of the load can be checked 
during the tests by the dial gages, E 


vq 


on specimens of this 14S-T aluminum 
alloy disk. The results of these tests at 
given in Table I. The specimen number 
indicates the position in the disk from 
which the specimen was cut (Fig. 1). The 
letter following the number denotes from 
which layer of the disk the specimen was 
obtained. The “stress” is the load stress 
based on the original cross-sectional arts. 
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For the pulsating-load tests, the mean in inches per inch per hour. The “transi- 
stress is given. The “intercept” is the tion point” of these curves is the transi- 
ntercept in per cent of plastic strain on tion from the second to third stages of 


TABLE I—RESULTS OF PULSATING LOAD AND CONSTANT LOAD CREEP-RUPTURE TESTS OF 14S-T 
ALUMINUM ALLOY AT 400 F. 


ransition yrami 
Inter- Point Rupture Hardness, P 
Creep Rate, 20-ke. Load Reduction 
Stress, cept 0-kg. Loa 
Specimen a} in. per inch of Area, 
r hr r cent 
per cent After 
Time, | Strain, | Time, | Strain,} As Test No 
hr. |percent] hr. |percent) Rec. 
Putsatinc Loap Test? 
“Seen 30 000 0.13 1.3 X 10-4 20+ | 0.42+ . 177 135 22.6 
ee - 25 000 0.17 4.6 X 10° 100+ | 063+ ¢ 166 121 
See 22 000 0.08 1.8 X 10% 135 0.34 211 89.2 166 101 61.0 
25 0004 0.07 3.7 105 49+ | 0.27+ 171 119 
* ae 20 200 0.06 1.5 X 105 210+ | 0.37+ 6 165 108 
to. 11M....... 30 000° 0.11 1.48 X 1074 15 0.37 29 3.90 160 131 2.6 
Y ae 27 800° 0.10 1.45 X 10-4 26 0.52 39.2 4.21 166 122 32.3 
Se 23 000° 0.09 2.78 X 10°% 125 0.46 159 5.01 163 110 46.0 
Constant Loap Creep-Rupture Tests 
21000 | 0.05 | 2.1 x 1075 | 015+] 169 | 82.1 
_* ae 21 000 0.08 {| 2.2 K 10% 170 0.48 8.1 177 103 64.2 
25 000 0.08 4.4 X 105 37+ | 0.244 40+7| 8.9 168 120 57.6 
_ a 26 000 0.10 4.7 X 105 69 0.50 90 3.82 169 125 33.6 
i ciieesias 28 000 0.10 6.7 X 10 48 0.45 65.5 3.36 164 122 27.0 


* All strains given are plastic strains. 

Oscillating stress +10 per cent of mean stress at 20 cycles per sec. 
‘ Broke in threads. 

Oscillating stress +13 per cent for this test only. 

‘ Diameter 0.479 in., others 0.505 in. 


! Specimen over heated at 51 hr. to 440 F. for 24 hr.—test stopped. 
* Specimen over heated to 420 F. at 37 hr., broke at 40 hr.- oe 
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ber Fic. 4.—Annealing for 14S-T Aluminum Alloy at 400 F. (At No Stress). oe 4 
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rhe os strain ordinate of the tangent to the creep arbitrarily taken” as that point 
om Cre curve * the minimum creep rate. where the creep rate has increased 10 per 
oe “ep rate” is the minimum creep rate cent above the minimum creep rate. The 
- unng the creep-rupture test expressed Vickers pyramid hardness is taken on 
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the ends of the specimen where no stress 

acts. A plus sign following a given value 

in the table indicates that the test was 

disturbed or interrupted before the actual 

point was reached. Any exceptions or 

comments are explained in the footnotes. 
Test RESULTS 


_ The first three pulsating load tests 


were made on specimens cut from posi- 
tion “2” of the disk. Since there may be 
some variation in the properties of the 
specimens cut from various parts of the 
disk, it was felt that these specimens 
would be as nearly indentical as possible. 
The specimen at a mean stress of 22,000 
psi. broke normally, but the ones at the 
higher mean stresses broke in the threads. 
This fracture in the threads shows that 
this alloy is notch sensitive under the 
action of pulsating loads. The notch 
sensitivity apparently decreased in the 
test at the mean stress of 22,000 psi. One 
reason for this decrease is the annealing 
at 400 F. of this alloy, as shown in Fig. 4. 
These data are taken from Table I. 
Another is the stress relieving due to 
plastic flow in the base of the threads 
which has time to take place in the longer 
test. Two other pulsating load tests were 
made on specimens cut from position “8” 
of the disk. These specimens were altered 
by machining a larger radius at the root 
of the threads. As the specimens had 
previously been machined the same as 
‘the ones above, these latter specimens 
were slightly smaller in diameter at the 
root of the threads. One of the specimens 
was tested at a stress of 25,000 psi. and 
_ the other at a lower stress of 20,200 psi. 
Both broke in the threads. The latter test 
is not strictly comparable with the other 
tests since the oscillating load was +13 
_ per cent. This resulted from an error in 
setting the eccentric. The results are 
included since the test is not too different 
the other. 
All the above specimens were machined 
_ as shown in Fig. 2 and with a gage diam- 
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eter of 0.505 in. Three additional speci- 
mens, cut from similar positions in the 
disk, were altered by reducing the gage 
diameter to 0.479 in. (10 per cent reduc. 
tion of area). These specimens were 
tested at mean stresses of 30,000, 27,800, 
and 23,000 psi. All these specimens broke 
in the gage length. 

The creep-rupture curves for the pul- 
sating load tests are reproduced in Fig. 5, 
At stresses for which two tests are re- 
ported in Table I, the curve for only one 
of them is reproduced. The rupture time 
and strain are given adjacent to the curves 
which would extend beyond the curve 
sheet. These curves show that the strain 
at rupture increases as the mean stress is 
decreased and the rupture time increases. 
The strain at the transition point, how- 
ever, indicates no regular change but is 
about 0.5 per cent or less for all the tests. 

The creep-rupture curves for the con- 
stant load tests, Fig. 6, are very similar 
to those in Fig. 5 and, in general, show 
the same effect in the transition and 
rupture strains. 

No points are shown in Figs. 5 and 6 
since they are replots of continuously 
recorded curves. 

The results of these two types of tests 
are summarized in Fig. 7. The minimum 
creep rate and rupture curves are shown 
for both the constant-load and pulsating- 
load tests. The transition-point curve is 
given only for the latter tests. The corte: 
sponding plastic strain is given adjacent 
to the test point. For the stresses used 
in these tests these curves are practically 
straight lines in this semi-log plot. 
Results of other tests have shown that 
these curves bend over at the ends 
toward the horizontal for higher an¢ 
lower stresses. The interesting result 0! 
these tests is that the slopes of the curves 
for the pulsating-load tests seem to be 
different from those of the constant load 
tests. The rupture strength under a !0 
per cent pulsating load is poorer than 
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29 hr. | | 
3.9 per cent 39 hr. 159 hr. 211 hr. 
4.2 per cent Spercent 89 per cent 


27,800 psi. 


30000 


hr 
| Sper hr 
4.6 X 107 Sper hr — 


Plastic Strain, per cent 


per hr 
125 150 175 200 

Time, hr. 
Fic. 5.—Pulsating Load Creep Rupture Curves for 14S-T Aluminum Alloy Disk at 400 F. 


The circle at the end of the curves mean the specimen failed in the thread. (Oscillating Stress = 10 per cent of * 
Mean Stress at 20 Cycles per second.) 


65hr 1 a hr. 224 hr. 
3.4 per cent 3.8 per cent 8.1 per cent 
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26,000 psi. 


o 


== 


u=67X per hr 
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2,000 1 

u=2.2X10°° per hr. 
| | 


— =4. | | 
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50 100 125 150 200 225 
Time, hr 
Fic. 6.—Constant Load Creep- -Rupture Curves for 14S-T Aluminum sored Disk at 400 F. 
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794 RISTICS OF ALUMINUM all 
that under a constant load up to 200 hr. 
but is greater for a longer rupture time. 
The same is true of the creep strength for 


of the rupture life because of the crossing 
of the rupture curves as shown in Fig, 7 


creep rates above and below that of 
4X 10° per hr. Since the characteristic 
shape of these rate curves is like a flat 
“S”, it is thought that the curves will not 


Additional tests with greater oscillating 
stresses and endurance tests are planne/ 
for this material to complete these curves. 

One method of combining thes 
stresses for design purposes is given jn 
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Fic. 7.—Creep-Rupture Tests under Pulsating and Constant Loads of 14S-T Aluminum Alloy 


Disk at 400 F. 
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Fic. 8.—Oscillating Stress versus Mean Stress for Given Rupture Life. 14S-T Aluminum Allo 
Disk at 400 F. 


continue to diverge if investigated over a 
wider range. 

From the rupture curves a plot of the 
oscillating stress as a function of the 
mean stress can be made for various 
rupture lives. This plot is shown in Fig. 8. 
The points are given for 300, 100, and 30 
hr. The shape of the curves is a function 


Fig. 9. The ordinate in this curve is the 
oscillating stress expressed in per cent 
endurance strength at 5 X 108 cycles; the 
abscissa is the 100-hr. rupture strengt! 
expressed in per cent of the 100 
rupture strength for constant load. The 
curve proposed for design is an arc of 
circle passing through the “100 per ce 
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points,” the rupture strength being 
chosen for the particular life desired. The 
result of the tests reported herein is 
plotted as an open circle to show how 
nearly it conforms to this curve. Since no 
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Fic. 9.—Combined Oscillating and 
Mean Stresses. 
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Fic. 10.—Variation of Stress in a Pulsating- 
Load Test. 


lata were available on the endurance 
strength of a 14S-T material with a 
similar history, the endurance strength 
was estimated for this plot from the 


be 
th results of other 14S-T tests to be about 
br 12,500 psi. 


[3 DISCUSSION 


To explain the above results it will be 
uecessary to review some of the factors 
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which influence the rate of strain and 
fracture. The manner in which the stress 
varies during the pulsating-load test is 
given in Fig. 10 where “‘o,,” is the mean 
stress and ‘‘c,” the oscillating stress. In 
these tests co, is 10 per cent of ¢, and the 
frequency of the oscillation is 20 cycles 
per sec. The stress, therefore, can be 
expressed as: 


¢=on+asinwt 
From the work of other investigators 
(2, 3) and from these test results for 
stresses below about 29,000 psi. the creep 
rate for constant load can possibly be 
expressed by 


o 
u = msinh{ — 


in which w is the creep rate and o the 
applied stress; #9 and go are constants. 

If we assume that the frequency of the 
oscillations is low, then we can expect 
that this relation will give the change in 
creep rate which will occur in a pulsating 
load test. The average creep rate over the 
cycle is given as: 


m sin 6 
om + sin ) 4 


where u, is the average creep rate in the 
pulsating load test. 

For a constant load test at the mean 
stress the creep rate is expressed by: 


om 
Ue = sinh — 


The ratio of these creep rates is, there- 
fore: 


o; sin @ 
0 a 


= » 


x 
| 
| 
: 
1 
Ga tip = | Ms sin 
0 
| 
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which reduces to 


» 1 sin 


Uc 2x 0 ao 


where J i *) is a Bessel Function of 


zero order. This ratio has been computed 
for our 14S-T aluminumalloy disk for a 10 
per cent oscillating stress and the results 
are as follows: at a mean stress of 30,000 
psi. the increase in average rate is 6.4 per 
cent; at 18,000 psi. the increase is only 2.3 
per cent. An inspection of Fig. 7 indi- 
cates that the creep rate for the pulsating 
load test is greater than that for the 
constant load test at 30,000 psi. and that 
the creep rate curves converge as the 
stress is decreased. However, the differ- 
ences that can be noted are that the in- 

_ crease in creep rate at 30,000 psi. is about 
50 per cent and that the creep rate curves 
cross at about 25,000 psi. Since the creep 
rate curve bends over at the higher 
stresses a greater average creep rate can 
be expected than that predicted by using 
_ the hyperbolic sine curve which is practi- 
cally a straight line in this range of stress. 
In the above analysis it was assumed 
_that the frequency of pulsations was low. 
If the frequency is increased to 20 cycles 
or more per second, then it is expected 
that this higher rate of loading will result 
_in a higher strength. A tension test was 
_ made on a specimen of this alloy from 
another disk at a rate of loading which 
_ was about equal to the average rate from 
at to maximum in the oscillating 


— load of 20 cycles per sec. The 0.2 per cent 
yield stress was 40,000 psi. at 400 F. This 
effect has also been demonstrated in tests 
by Davis (4) and is similar to the increase 
in stress for increased rates of straining 
for pure aluminum as reported by the 
author in a previous paper (5). On the 
other hand at 400 F. the mean stresses 


used in these tests are greater than the 
r endurance limit of this alloy for 5 10° 


cycles, so that if an oscillating load is 
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applied, then the same mechanism which 
causes failure in a fatigue test yill 
influence the failure or rate of strain ip 
the pulsating load test. The fractures jn 
the threads of the specimens which were 
described earlier indicate that this 14S-T 
alloy is notch sensitive. The data jp 
Table I show that the ductility is low at 
400 F. if the specimen is not heated fora 
long period. Also described was the obser. 
vation that the fracture in the threads 
could be stopped by reducing the area of 
the gage length by 10 per cent. 

The following analysis is offered to help 
explain the test results obtained. Yielding 
occurs as a progression of microscopic 
regions of plastic flow. That is, some 
region, grain or crystal, which is weak- 
ened by a minute imperfection, less favor- 
able orientation or small impurity, wil 
yield under an applied load. This may 
relieve the stress raiser at that point but 
will cause a stress concentration on 
neighboring regions and the flow will 
proceed throughout the volume. The 
magnitude of the stress to produce yield- 
ing is a function of rate of loading, as 
mentioned above, but the higher the 
stress the greater will be the number of 
regions in which yielding will proceed. 
The magnitude of the strain, therefore, 
depends on the duration of the stress, rate 
of local flow and number of regions which 
are yielding. The rate of flow, once yield- 
ing has been initiated, is also a function 
of the applied stress. The applied load 
will be assumed to be a steady load of 4 
magnitude equal to the minimum load 
(mean load less 10 per cent) and a com- 
bined oscillating load which has a “sa¥- 
tooth” wave shape. The amplitude o 
oscillating load is 20 per cent of the mean 
load, and the loading rate is equal to the 
“effective rate” obtained in the oscillat- 
ing load of 20 cycles per sec. 

Plastic flow in the specimen will be 
assumed to be made of two parts: a first 
part caused by the minimum load whic 
is a function of the stress at the minimum 


load 
res 
assu 
Stl 
at tl 
100 
the 
the! 
can 
tion 
that 
load 
thar 
1.5. 
tion 
max 
psi. 
puls 
9).0 
Add 
the 
only 
effe 
psi. 
tive 
| 
| | 


MANJOINE ON CREEP CHARACTERISTICS OF ALUMINUM 


= 


load only and a second part which is a 
result of the oscillating load. Under this 
latter or “additional” part it will be 
assumed that, because of the rapid rate 
of loading, no flow will take place unless 
. stress of 40,000 psi. is reached and that 
t this stress the rate of flow will be about 
100 per cent per hr. From the point where 
the two creep-rate curves cross in Fig. 7, 
the magnitude of the stress concentration 
in be found to satisfy the above assump- 
tions. This concentration factor is such 
that at the maximum of the oscillating 
ad the stress will be slightly greater 
than 40,000 psi., that is, it must be about 
1.5. From the above assumptions addi- 
onal flow will take place whenever the 
aximum stress is greater than 40,000 
psi, divided by 1.5 (26,700 psi.). In a 
pulsating load test at a mean stress of 
),000 psi. the minimum stress is 27,000 
si. and the maximum stress is 33,000 psi. 
Additional flow will, therefore, occur 
throughout the oscillating load cycle and 
the resulting creep rate will be much 
greater than that for a constant stress of 
3,000 psi. It can also be stated that the 
effective stress” in this case is greater 
than the mean stress. At 25,000 psi. the 
tress concentration factor was chosen 
uch that the additional flow occurred 
nly at the maximum stress, so that the 
fective stress was just equal to the mean 
tress. At a lower stress such as 20,000 
si. the maximum stress is only 22,000 
isi., and from the above assumptions no 
ulditional flow will occur during the oscil- 
ating load cycle and, therefore, the effec- 
live stress will be less than the mean 
tress. From Fig. 7, the creep rate for a 
pulsating load test at 20,000 psi. is only 
‘lightly greater that that for a constant 
oad test at the “minimum stress” or 
18,000 psi. 

How this increase or decrease in mini- 
mum creep rate affects the rupture time 
can be studied by comparing the transi- 
“on point and rupture strains. Since the 
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first and third stages of creep are shorter 
than the second stage region of constant 
strain rate (see Fig. 5) the rupture time 
in the range of stresses used in these tests 
is nearly proportional to the transition- 
point strain divided by the minimum 
creep rate. If the transition-point strains 
were the same for both the constant load 
and pulsating load tests, then the rupture 
time curves will cross in the same manner 
as the creep rate curves described above. 
The data in Table I or Fig. 7 show that 
the transition-point strains are practi- 
cally the same for both types of tests, 
that for the pulsating load tests being 
slightly lower. 

Therefore, the rupture data conforms 
with that found for the minimum creep 
rate, since the rupture strength for a 
pulsating load test is poorer at the higher 
stresses and greater at the lower stresses 
than that for constant load test. 


CONCLUSIONS 


The results reported above and the 
subsequent conclusions must be tempered 
by the fact that the properties of speci- 
mens from the 14S-T aluminum alloy 
disk may vary for different positions from 
which they are obtained. However, from 
the limited data obtained from these 
tests the following tentative conclusions 
are made: 

1. The minimum creep rate or rupture 
time in a pulsating load test may be 
higher or lower than that for a constant 
load test of the same mean stress. For 
this 14S-T alloy at 400 F. the minimum 
creep rate for a pulsating load test of 20 
cycles per sec. is higher for a mean stress 
above about 25,000 psi. and is lower for 
lower stresses. The rupture time is poorer 
for a mean stress above about 22,000 psi. 
and is greater than that for a constant- 
load test below this stress. 

2. The method of combining the oscil- 
lating and mean stresses as shown in Fig. 
9 is reasonable in so far as the results of 
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these pulsating load tests are concerned. at 340 F.) annealed when held at 400F, 
Further tests with a greater percentage of without stress. The decay in hardness 
oscillating load must be made to obtaina after 10 hr. was proportional to the log of 
more complete check on this method. time. 

3. This 14S-T alloy disk is notch sensi- 5. For either type of loading the strain 
tive, and failure at a point of stress con- at rupture increased with decreasing 
centration is accelerated by the pulsating stress while that at the transition point 
load. The specimen under pulsating load was nearly constant in the range of 
at 400 F. broke in the threads until the stresses used in the tests. The strain at 
gage diameter was reduced. the transition point for the pulsating. 

4. The specimens of this 14S-T alloy _ load tests was slightly lower than that for 
(solution treated from 940 F. and aged _ the constant load tests. 
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JOINT DISCUSSION OF PAPERS BY B. J. LAZAN AND M. J. MANJOINE 


JouN M. Lessetts.'—The two 
Be by Messrs. Lazan and Manjoine 
respectively are important because they 
indicate the effect of cyclic stress on the 
rupture strength or creep rate, and 
possibly these are the reasons why in gas 
turbine parts the fatigue aspect is just 
as important as that of creep. 

In recent years reference has been 


EFFECT OF ELEVATED TEMPERATURES ON THE ENDURANCE LIMIT AND RUPTURE STRENGTH 


The data given in the table will enable 
a family of five such curves to be drawn. 

It is of interest to observe that the 
effect of cyclic stress is actually to 
strengthen the material against creep 
action since the maximum stresses in the 
case of cyclic stress are in excess of the 
rupture stress for that particular tem- 
perature. 


OF SUPERALLOY (AUSTENITIC) STEELS. 


Endurance Limits and Rupture Strengths for 300 hr., psi. 
80 F. 1100 F. 1200 F 1300 F. 1380 F, 1450 F, 

Endurance limit (Sm = 0).............. 52 000 40 000 36 000 29 000 24 000 19 000 
Endurance limit (Sm + Sa) ... a” tous 44 800 31 400 27 000 20 000 13 400 

+ + + + + 
+19 000 +22 400 +18 700 +19 400 +12 800 
Maximum stress of cycle...............- 63 800 53 800 45 700 39 400 26 200 
OS IRS Fe 54 000 40 000 29 000 22 400 18 000 


made to fatigue failures of such parts 
even when operating at these very high 
temperatures. In this connection my 
attention has recently been drawn to an 
English publication? which gives in- 
teresting data on rupture and fatigue 
tests at various temperatures. If a 
selection be made from these data so 
that the testing time is the same for the 
tupture and fatigue tests, then such can 
be tabulated as shown below. 

On this basis a plot can be made 
using the rupture test data as abscissae 
o represent the steady stress component 
and the various fatigue tests to supply 
the ordinates; then a family of curves 


can be drawn which are of use to the 
designer, 


rines Professor Mechanical Engineering, En- 
Cami lg Massachusetts Institute of Technology, 


ri 
Pia let of ‘Mond Nickel Co. on Nimonic Series of 


My belief is that the work of Messrs. 
Manjoine and Lazan should be extended 
and this may eventually lead to a re- 
vision of our conception regarding creep 
phenomenon. 

Mr. Leo Scuaprro.*—I should like 
to ask Mr. Lazan about the normal 
curve as we think of it in terms of 
static loading. I presume that creep in 
the dynamic test has been measured 
night up to rupture since curves for 

> per cent and 2 per cent creep are given. 

I am rather interested in seeing 
whether the creep curve, extension 
versus time, in the fatigue test is similar, 
in showing three stages, to that obtained 
in the case of static loading. Is the 
difference in shape dependent on tem-— 
perature or stress amplitude? 


3 Chief Metallurgist, Materials Lab., Douglas Aiscraft 
Co., Inc., Santa Monica, Calif. 
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Mr. R. C. A. Tuurston* (presented 
in wrilten form).—Mr. Lazan has pre- 
sented a stimulating paper on the effect 
of superimposed dynamic loads in stress- 
rupture testing. He is to be complimented 
on the wealth of information he has 
derived from his test data, and the con- 
tribution he has made to our limited 
knowledge of high temperature fatigue. 
This should prove most encouraging to 
other workers in this field. 

Probably the most interesting feature 
of the paper is the fact that, for the four 
materials tested, the addition of alternat- 
ing stresses at 1500 F. has very little 
effect on the allowable static stress for a 
given rupture time or percentage creep. 
Under certain conditions, low stress and 
long time tests, the mean stress may even 
be increased. These results agree sub- 
stantially with some previous work 
carried out in England on G18B at 
temperatures from 700 C. (1290 F.) to 
800 C. (1470 F.); in this case the 
strengthening effect on rupture time was 
slightly more marked. Other unpublished 

work on Nimonic 80 at 650 C. (1200 F.) 
has indicated that similar results will be 
obtained with superimposed dynamic 

bending, — conditions approximating 
those in the turbine bucket. It will be 
interesting to know whether the author’s 
metallographic examination offers any 
explanation of this behavior. 
There is one other factor involved 
which requires consideration and that is 
the speed of the dynamic loading. Is there 
a effect of speed per se at high tem- 
-Peratures, over and above the associated 
time effect? Little evidence is available 
on this point as yet, but the results of 
tests by Bernhardt and Hanemann on 
lead at room temperature show a definite 
dependence of creep rate on testing 
speed. Here, however, the position is 
complicated by the incidence of re- 
crystallisation phenomena. 


_ * Metallurgical Engineer, Physical Metallurgy Divi- 


a sion, Bureau of Mines, Ottawa, Ontario, Canada. 
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With regard to the type etenaiiis 
would like to ask to what extent trans. 
crystalline fractures were obtained, as 
opposed to intercrystalline? Was there 
any relationship between the type of 
fracture and the static stress level, or th: 
vibration amplitude—mean stress ratio? 

At the Bureau of Mines, in Canada, we 
have been conducting a research along 
these lines on Nimonic 80 and Inconel 
X. This work is in its early stages and is 
being carried out on a similar type of 
machine, with an alternating stress - 
mean stress ratio of about 0.85. Tests 
completed to date at 750 C. (1380 F. 
are in agreement with the author's 
findings, but we have stil] a long way to 
go. This latter statement has a general 
application, since the subject of the 
present paper is largely an unexplored 
field. The technical data published so 
far on high temperature fatigue is 
scattered over a wide range of machines 
with a variety of stressing conditions 
and testing speeds, while data on 
dynamic creep is difficult to find outside 
of a few German papers. We can, I am 
sure, look forward with confidence to 
further information from the battery of 
machines at Syracuse. 

Mr. H. F. Moore.'—Referring to Mr. 
Manjoine’s paper in tests of specimens 
cut from cable sheathing Mr. Dollins 
has found that vibratory loads superim- 
posed on dead load generally shortened 
the life of the specimen, although some 
exceptions have been found. May tt 
not be possible that the effect of 
vibratory load may be different in the 
case of a very soft “creepable” metal 
like lead from the effect in the case of 4 
metal like an aluminum alloy in which 
the ratio of elastic strength to ultimate 
strength is much higher than in the case 
of lead? 

I might add that some of our tests 4! 


5 Research Professor of Engineering Materials, Fmet- 


itus, University of Illinois, Urbana, Ill. _ 
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the University of Illinois have been run 
for 1000 hr. 

Me. M. J. MaAanyjorne (author’s 
closure).—I wish to thank Mr. Lessells 
for his discussion. It does not call for any 
omment except that it substantiates 
the results that both Mr. Lazan and I 
ave found. 

For the lead material reported by Mr. 
Moore, it may be possible to get a better 
orrelation with this aluminum alloy, 
14S-T. In this paper it was assumed that 
: certain stress concentration factor was 
recessary to explain some of the results. 
In a recent paper® it was reported that 
by superimposing a slight alternating 
stress on a steady stress below the yield 
stress for a period of only 10 to 20 sec. 
it was possible to extinguish the Kikuchi 
lines in an electron diffraction reflection 
pattern. This experiment indicates that 
the strains resulting from this short 
loading cycle are so minute that they 
are not detectable by any other means. 
By further experiments they concluded 
that these strains generate at the surface 
and progress inward. Thus the strain was 
varying from the surface to the interior. 
Any recrystallization or other metallur- 
gical change which may affect or be 
affected by these strains will start at 
these points of strain. If we can, there- 
fore, discover the effect of these metal- 
lurgical factors, there may be some hope 
in correlating the lead tests with these 
lests, 

Mr. B. J. Lazan (author’s closure).— 
The condensation of this paper to a 
reasonable length required the omission 
of most of the primary and intermediate 
curve sheets from which the summary 
curves of Figs. 16 to 19 were derived. 
These omitted curve sheets: show, in 
answer to Mr. Schapiro’s question, that 
the general shape of the creep versus 


lume curves under dynamic loading is 


"Heidenreich and Stockley, “Stud ip i i 
y of Slip in Alumi- 
by Electron Microscope and Dif- 
(1948) Methods,” Physical Society, London, pp. 57-74 
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essentially the same as under static 
loading. Both types of loading at both 
testing temperatures generally induce 
the familiar three stages of creep. How- 
ever, the scope of the tests should be 
noted in reference to the above state- 
ment; tests herein reported cover rela- 
tively short times by creep testing 
standards, include alternating to mean 
stress ratios under 0.67 only, and the 
testing temperature range, 1350 F. 
to 1500 F., was rather narrow. Lower 
stress, longer duration tests, or higher 
stress ratios for other testing temper-— 
atures may display differently shaped 
creep curves. 

Although the general shape of the 
static and dynamic creep curves are 
similar, it should be noted that the third 
stage creep under dynamic conditions is 
generally less pronounced. This may be 
inferred from the stress range versus per 
cent elongation curves shown in Fig. 
20. Also, the ratio of creep rate and total 
creep under static force to those under 
dynamic conditions depend greatly upon 
the stress level and the duration of the 
test. The difference in slope of the 2 per 
cent and 0.5 per cent creep versus time 
curves for N-155, for example, in Fig. 
15, is typical for the materials studied. 
In order further to clarify this difference 
in slope, the data plotted in Fig. 16 
for N-155 has been rearranged in the 
accompanying Fig. 1 with some ad- 
ditional ‘long-duration data added for 
completeness. The general trend in the 
slope of the original creep versus time 
curves can be inferred from the trend of 
decreasing negative slope which is dis- 
played in Fig. 1 with increasing duration 
of test. 

The rupture data presented by Mr. | 
Lessells on Nimonic alloy are significant 
not only because they indicate the 
relatively small effects of cyclic stress on 
rupture, but also because they confirm 
the trend shown in Fig. 21. These 
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Nimonic alloy data were plotted within 
the coordinate system used in Figs. 
16 to 19 and the mean static to dynamic 
equivalence ratio E were determined. 
For a stress ratio A 0.67 the values de- 
termined for Nimonic alloy are given 
below: 


Temperature, deg. Fahr.... 


1100 1200 1300 1380 1450 
Equivalence Ratio E... 0.7 0.8 


0.93 0.97 0.82 
Except for the 1450 F. value, the 
equivalence ratio decreases significantly 
vith decreasing temperatures which is 
the same trend shown in Fig. 21 for the 
materials reported in this paper. 
Data on the significance on speed of 
loading as a factor in the dynamic 
behavior of materials, discussed by Mr. 
Thurston, may provide a partial ex- 
planation of some of the patterns and 
trends observed. As mentioned in the 


Appendix, the differences between the 
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theoretically derived dynamic creep 
curves and the experimentally measured 
curves are possibly explainable on the 
basis of either (1) metallurgical changes 
induced by cyclic stress, or (2) speed of 
loading effects. The metallurgical factor 
is now under study and work on the 
speed of loading effects is now being 
planned. 

In connection with Mr. Thurston’s 
question regarding the correlation of in- 
tercrystalline and trans-crystalline fac- 
ture with type of loading, metallographic 
and fracture studies have recently been 
started to answer such questions. These 
have not yet progressed sufficiently to 
justify a general statement. 

The author is very grateful to the 
discussors for their aid in clarifying some 
of the questions associated with the 
evaluation of temperature resistant 
materials. 
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- FATIGUE CHARACTERISTICS OF ALUMINUM ALLOY 75S-T6 PLATE 
IN REVERSED BENDING AS AFFECTED BY TYPE OF 
MACHINE AND SPECIMEN* 


By T. T. OBerc' anp R. J. Rooney! _ 


SYNOPSIS 


The data presented by Fuller and Oberg (1)? in 1947 were obtained on 
specimens taken from random locations in an extrusion of heat-treated alu- _ 
minum alloy (75S-T6). The data in the present paper are based on more 
numerous tests on specimens from a single plate. Vibratory non-rotating 
cantilever fatigue tests were made in a Krouse plate fatigue machine (fixed — 
deflection), using test specimens of round, square, and rectangular critical his 
sections. Rotating-beam specimens (round) were tested in an R. R. Moore _ 
type rotating-beam (constant load) fatigue-testing machine. All specimens 
were machined to a critical thickness or diameter of } in. from the }-in. plate. 

Fatigue curves were obtained for the various shapes. The round specimens 


showed the highest fatigue strengths, the non-rotating being higher than the 
rotating. The square specimen developed higher fatigue strengths than 


those of rectangular cross-section. 


The published data for direct com- 
parison of the fatigue characteristics of 
various shapes of specimens tested in the 
R. R. Moore rotating simple beam and 
the Krouse plate fatigue testing ma- 
chines are limited. For this reason tests 
were made for the purpose of obtaining 
additional comparative data. Specimens 
of various geometric shapes were pre- 
pared from a single plate of 75S-T6 
aluminum alloy. It appears that the 
shape and size of specimen are impor- 
tant factors in determining the fatigue 
strength of the material, especially as 
noted for the non-rotating flat and round 
specimens. The latter had the least sur- 
face area at the region of maximum 
stress and developed the highest fatigue 


* Presented at the Fifty-second Annual Meeting of 
the Society, June 27-July 1, 1949. 

1 Chief, and Materials Testing Engineer, respectively, 
Fatigue and Vibration Unit, Engineering Division, Mate- 
rials Laboratory, Air Materiel Command, Wright- 
Patterson Air Force Base, Dayton, Ohio. 

2?The boldface numbers in parentheses refer to the 
references appended to this paper, see p. 812, 
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value. However an increase in this crit- 
ical area as in case of square and rec- 
tangular specimens was associated with 
a decrease in the fatigue strength. The 
results of this investigation are in gen- 
eral agreement with those in papers by 
Fuller and Dolan (1, 2, 3). 


MATERIAL 


An aluminum alloy 75S-T6 (755-1 
old designation) plate, 3 in. thick, 2 
ft. wide and 10 ft. long was purchased 
from the Aluminum Company of Amer- 
ica. The chemical analysis conformed 
to the following Army-Navy Aero 
nautical Specification AN-A-9a. 


Chemical 
Composition, 
per cent 
2.1 4 
0.15 to 0. 
Remain 
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(On FATIGUE of ALummum ALLoy 75S-T6 


Drill Holes, 


73 +0.005" 
L250 - Drill 2% Holes, 3 Req 


0. 
Flat Plate Cantilever ia 
Bending Fatigue 2+ Rad. it Rad. 
Specimen Round 2 2 
Critical Section 


Rad. 


8 2 Holes, 


0.250 *0.005" _.0:250*0008 
Type 2 4 


Flat Plate Cantilever 
Bending Fatigue 


Specimen Square 
Critical Section 


25 Rad. 15 Rad. 


Type 5 


Cantilever Plate Fatigue 
Specimen 
(Krouse Type) 


Drill 32 Holes 
3 Req 


-0.25020.002" 
0.25020.005" 


—-—- + = 
Flat Plate Cantilever \ 0.375 -0.000 
Bending Fatigue " 
Specimen Rectangular Les Rad.\-15 Rad. 
(4in. Moment Arm) 


Simple Rotating Beam 


: Fatigue Specimen 


to Drill "Holes 
0.750 32 3 Rea. 


25 Rad, 


7 


- 

Type a 
FlatePlate Cantilever Bending Fatigue Specimen . 
Rectangular Critical Section (@&in. Moment Arm) 


I5 Rad. 


Fic. 1.—Types and | Dimensions of Specimens. 
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TABLE I.—TENSILE PROPERTIES FOR 75S-T6 
ALUMINUM ALLOY. 


Yield 
Strength | 
Tensile | Elonga- 
Specimen axis Strength, | tion, per 
Relative to Rolling psi per cent | “conta 
| Offset, | 
psi. 


% BY %-1N. RECTANGULAR SPECIMENS 


| L-1 Longitudinal.......| 84200 | 76900 12.5 
L-2 Longitudinal.......| 84200 | 77000 11.0 
Avg. 76 950 11.8 

T-1 Transverse.... 71 600 11.0 
T-2 Transverse 73 000 12.5 
Avg... 72 300 11.8 

Y-1n. DIAMETER ROUND SPECIMENS 

L-1 Longitudinal....... | 84200 | 77200 | 11.0 
L-2 Longitudinal....... 84 600 77500 | 11.0 
L-3 Longitudinal....... | 84500 | 77600 | 11.0 
84400 | 77 400 11.0 

T-1 Transverse......... 82600 | 72700 11.0 
T-2 Transverse......... 82 400 73 200 10.5 
T-3 Transverse......... 82 100 72 700 11.5 
| 82 400 72 900 11.0 


“In 2-in. for rectangular specimens; in 1-in. (equal 
to 4D) for round. 


T f Speci 
ype of Specimen 
105 


Cycles 
Type 1—cantilever round section ............ | 47 500 
Type 6—simple rotating beam............... 47 500 


Type 2—cantilever square section — sie 
Type 5—cantilever constant strength (Krouse)..| 42 500 
Type 4—cantilever rectangular critical section 

8-in. moment arm............. 45.000 
Type 3—cantilever rectangular critical section..| 45 000 


806 | OBERG AND 


ROONEY 


Type 3.—Plate cantilever, rectangular crit. 
ical section, 4-in. moment arm. 
Type 4.—Plate cantilever, rectangular crit. 
ical section, 8-in. moment arm, 
Type 5.—Plate cantilever, rectangular crit- 
ical section, Krouse type. 
Type 6.—Rotating beam, round critical 
section. 


The specimens were both parallel 
and transverse to the direction of rolling 
except those of rectangular critical 
section, types 3 and 4, which were 
parallel only. The critical sections of the 
round and flat fatigue specimens were 
machined so that the extreme outer 
fibers subjected to maximum stress 
were at the same distance under the 
surface of the {-in. plate. The types and 
dimensions are shown in Fig. 1. The 
round specimens, types 1 and 6 were 


TABLE II.—FATIGUE PROPERTIES IN REVERSED BENDING FOR VARIOUS TYPES OF TEST SPECIMENS 


Longitudinal* Transverse® 
10° 107 | 108 105 | 107 108 

Cycles | Cycles | Cycles Cycles | Cycles Cycles Cycles 
40 000 | 33000 | 29000 eae 37 000 | 29000 | 2400 
38 500 | 31500 | 25000 | 40000 | 30500 | 26000 | 2200 
33 500 | 25 500 | 21 000 eee 29 500 | 23 500 | 2000 
29 500 | 21500 | 18 500 | 42 500 | 28 500 | 23.000 | 2000 
29000 | 20000 | 18 500 

26 000 | 19000 | 17 500 


* Axis of specimen relative to direction of rolling. 


The heat treatment consisted of a 
solution treatment in the temperature 
range of 916 to 930 F. followed by arti- 
ficial aging for 6 hr. at a furnace tem- 
perature of 210 F., cooling to room tem- 
perature and reheating for 10 hr. at a 
furnace temperature of 315 F. and cool- 
ing in air to room temperature. 


PROCEDURE 


Specimens of the following types were 
machined from the plate: 


Type 1.—Plate cantilever, round critical 
section. 

Type 2.—Plate cantilever, square critical 
section. 


polished in a superfinishing machine to 
approximately 10 microinches. The 
square and rectangular specimens, types 
2, 3, 4, and 5, were finished by hand with 
No. 00 grit polishing paper and the sharp 
corners were reduced slightly with No. 
1 and No. 00 polishing paper to approx 
mately 20 microinches. 

Cantilever specimens, types 1 to 2 
inclusive, were tested in reversed bend: 
ing in a Krouse cantilever-plate fatigue 
machine at an operating speed of 1750 
rpm. The rotating beam specimens, 
type 6, were tested in reversed bending 
in R. R. Moore type rotating-beam 


tress. ps 


| 
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Type |, Cantilever 
Round Critical Section 


L=Longitudinol 


T= Transverse 


Type 6, Simple Rotating 
Beam 


Type 2, Cantilever 
Squore Critical Section. TIT 


Type 5, Contilever 
Uniform Strength 
(Krouse Type) 


Type 4, Contilever 
Rectongulor Critical Sect. 
8 in. Moment Arm 


Type 3, Cantilever 
Rectongulor Critical Sect. 
4i in.Moment Arm | | 


5000 10000 15000 20000 25000 30000 


Fatigue Strength, ps 


Fic. 2.—Effect of Specimen Shape on Reversed Bending Fatigue Strength of 75S-T6 Aluminum 
Alloy at 108 Cycles. 
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Fic. 3.—Stress-Cycle Diagrams for Reversed Bending Cantilever Non-Rotating Bez am Specimen— 
1 Round Section—75S-T6 Aluminum Alloy. 
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Litt 
rt 
Direction 
Symbol 
Rolling 
2u Longitudinal an 
40000 2T € Transverse tt 
al indicates no Foilure 
o 
r++ + 4 4 + T 
30 000 }— 1 1000 
25 000 Ht 
a 
20000 
104 105 106 107 108 
Number of Cycles of Stress for Rupture, Log Scale 


Fic. 4.—Stress Cycle Diagrams for Reversed Bending Rotating Beam Specimen Type 6 Round 
Section 75S-T6 Aluminum Alloy. 
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Fic. 5.—Stress-Cycle Diagrams for Reversed Bending Cantilever Specimen Type 2 Square Section 
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4 
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35 000 “4 4T s Transverse 4 
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a 
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20 000 
al 
15000 
104 105 106 io8 


Number of Cycles of Stress for Rupture, Log Scale 


Fic. 6.—Stress Cycle Diagrams for Reversed Bending Cantilever Specimen Rectangular Section 
Constant Strength ensaand Type 5) 75S-T6 Aluminum Alloy. 
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fatigue machines at operating speeds 
of 3450 and 10,000 rpm. Faired fatigue 
curves were drawn “by eye” for each 
specimen type in Figs. 3 to 7 inclusive. 
Standard tension specimens were taken 
from various locations in order to check 


tive to different locations in the plate 
and to shape and surface finish of the 
specimens. 

Table II shows the fatigue strength 
at various numbers of cycles. The data 
for the transverse direction for a specific 


uniformity of the plate. Round speci- 
mens, with a j-in. diameter and a gage 
length of 1 in., and 3 by $-in. rectangular 
specimens with two sides representative 
of the original surface of the plate, were 


used. 
RESULTS AND DISCUSSION _ 


In Table I it will be noted that the 


_ tensile properties are very uniform rela- 


As 


50 000 / | Curve No. Type Specimen 
| (Krouse Type) é 
40 000 6L 3 Contdaver Criticet 
co 6L | ~ Section 4inch Moment Arm 
c L = Longitudinal to Rolling 
= | | | | 
30 000 i | 
> | 
NS NY | i| | 
a N 4L | 
a 15 000 = 66 
\ N7 wig crt cai Section 
40000 ig rit \ 4T 5 Strengt 
° \ T= Transverse to Rolling 
® 35000 
> 3T 
| 
= 30000}- 
| 
\ | 
25 000 ITU3T 
47 T 
20 are 
104 106 108 


Number of Cycles of Stress for Rupture, Log Scale 
Fic. 8.—Stress Cycle Diagrams for Reversed Bending 75S-T6 Aluminum Alloy. 


type of specimen were lower in general 
than those for the longitudinal direction 
except for the type 5 plate cantilever 0! 
constant strength. The rectangular spec 
imens were lowest in fatigue strength, 
the short type being lowest. Fig. 2 is 4 
graphical representation of the fatigue 
strengths at 100 million cycles. 

In Fig. 8 are given the S-N curves for 
the types of specimens tested. For the 
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rallel-to-rolling direction, the data 
indicate that all specimens would be 
proximately equal in endurance at 
igh stresses. However at low stresses a 
ide variation in fatigue strengths is 
noted; the cantilever with round critical 
ection at 100 million cycles being ap- 
roximately 65 per cent higher than the 
short cantilever with rectangular critical 
ction. For transverse-to-rolling direc- 
tion, the variation in fatigue character- 
stics appears to be less than that shown 
by the longitudinal specmens, while 
the scatter of the individual test data is 
much greater. The individual test data 
sre shown in the individual S-N curves 
in Figs. 3 to 7 inclusive. 

Since the maximum stress, as calcu- 
7? is 
mposed on the outer fibers of the crit- 
ical section of each type of beam, the 
volume of material under maximum 
stress will differ for each type. The 
non-rotating cantilever with round crit- 
cal section will have only. a small 
amount on top and bottom subjected 
to the maximum stress and the rotating 
veam will have a volume proportional 
to the smallest circumference. The 
square and rectangular cantilevers 
will have volumes proportional to the 
widths on top and hottom surfaces 
at the critical sections, subjected to 
maximum stress and the constant 
strength specimens will have compara- 
tively large volumes. 

From a statistical basis, the Krouse 
specimens indicate that the area of 
surface fiber resistance in the region of 
peak stress appears to be related to the 
fatigue since the non-rotational round 
specimen had lesser area and higher 
fatigue characteristics compared to long 
rectangular specimen of greater area and 
lower fatigue strength. Also for the rec- 
‘angular specimens there was an indi- 
‘ation that the one of smaller area had a 


ated from the flexure formula 
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higher fatigue strength, except that the 
tapered specimen of uniform theoretical 
stress section did not fall in line. The 
round rotating-beam specimen (con- 
stant load) had greater area than the 
square rectangular type constant deflec- 
tion with also a higher fatigue strength. 
There are several factors such as con- 
stant load versus constant deflection 
for the two types of round specimens, 
and the corner effects for the rec- 
tangular specimens compared with the 
round type in the constant-deflection 
machines that must be considered. 
After critical study, it is believed that 
a better study of the specimens in the 
Krouse machine would have been ob- 
tained if a round specimen rotating 
under constant deflection also were 
tested. Because of the uniformity of the 
material, it is believed that these fatigue 
data indicate that the fatigue charac- 
teristics of a material are a function of 
specimen shape. 

At 100 million cycles the rectangular 
specimen with the long moment arm had 
a fatigue strength of approximately 
18,500 psi. as compared to 17,500 psi. 
for the rectangular type with short 
moment arm. In testing the rectangular 
beams with short moment arm compara- 
tively high external forces were required 
to produce the desired stresses in the 
test section. All but two of the short 
rectangular specimens failed outside 
the minimum or critical section, some 
at sections where the calculated stress 
was approximately 85 per cent of that 
for the minimum section. All stresses 
reported herein are those calculated for 
for the minimum section of the specimen. 
The purpose of the investigation was to 
determine the reactions of various types 
of fatigue specimens to the same theo- 
retical stresses at the critical sections. 
The fatigue fractures in the square and 
rectangular specimens started at the 


corners. 
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lars. 
indicated that the operating frequencies 
at which the rotating-beam tests were 
made should have no appreciable effect 
upon the fatigue properties of the 
‘material. 


(1) F. B. Fuller and T. T. Oberg, “Fatigue 
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The Jong rectangular specimens all 


failed at or very close to the minimum 
section and gave consistently higher 


fatigue characteristics. 
It is believed that the variations in 
fatigue strengths for the various types 


of specimens used can be attributed 


solely to the shape of critical section, 
although the methods of finishing may 
have had a very slight effect. The round 


specimens were turned in a lathe and 


superpolished in a superfinishing ma- 
chine to an average finish of 10 micro- 
inches. The square and rectangular spec- 


-imens were milled to the proper critical 


dimension with a 5-in. cutter and 
hand polished to an average finish of 
20 microinches. The uniform strength 
(Krouse type) specimen was machined 
in a shaper to the proper thickness and 


hand polished to approximately the 


same microfinish as those for rectangu- 
Oberg and Johnson have (7) 


NACA Technical Note 852 reports 
results of vibratory reversed-bending 
fatigue tests using specimens simili 
to those used in tests reported herein, 
The rectangular specimens exhibited ; 
fatigue strength 31 per cent less than 
that shown by the round specimens. 
the square specimens had a fatiguy 
strength 23 per cent less than the round 
specimen. In the test reported herein 
the fatigue strengths of the long ani 
short rectangular specimens were 3 
and 40 per cent less than that of the 
round specimens respectively. The square 
specimens had a fatigue strength 2 
per cent less than round. The above fa- 
tigue strengths are based on 108 cycles. 
Based on difference in tensile strengths 
of the two aluminum alloys, a com- 
parison of test results of fatigue ratios 
(fatigue strength to tensile strength) 
gives the following relation: 


Round ‘Square| Rectangular 


0.255 
0.255 


0.332 | | 0.228 
Wright-Field.............. 0.354 | | 0.225 long 
| 0.212 short 
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>. 
Me. W. G. Scurettz.'—I should like 


to ask whether the corners of the speci- 


mens were Square or rounded. 

Mr. T. J. Dotan.2—I understand that 
the corners on the rectangular specimens 
vere rounded very slightly by polishing 
by hand with a No. 1 grit emory paper 
lowed by No. 09 polishing paper—just 
nough to remove the sharp fin and sharp 
orner on the edge of the specimen in 
nattempt to get the same type of polish 
s on the surfaces of the specimen. 

Mr. ScureItz.—We have done the 
same thing in steel specimens, and we 
iad noticed quite a bit of difference due 
to the radius. 

Me. H. F. Moorre.2A—Both in fatigue 
tests and in creep tests of rectangular 
specimens we have found at the Uni- 
versity of Illinois that the removal of 
any “fins” left at the corners after 
machining increases the strength of the 
specimen materially. Such “fins” seem 
to be quite effective as stress raisers. 

Mr. Dotan.—In comparison with the 
results presented on 75S-T6 alloy it 
may be of interest to note that in tests 
at the University of Illinois‘ somewhat 
similar studies were made of two steels 
and the data obtained were comparable 
with that presented by the authors. In 
these tests an attempt was made to 


'U. S. Naval Engineering Experiment Station, An- 


Research Professor of Theoretical. and Appli 

Frotes pplied 

Mechanics, University of Illinois, Urbana, Il 

itus, Urg rch Professor of Engineering Materiajs, Emer- 

J. Volan, J. H. McClow and W. J. Craig, “The 
Fauence. of Shape of Cross-Section on the Flexural 
trength of Steel,” Tenth Progress Report on 
sation T.O. IV, Engineering Experiment 
resented hiversity of Illinois, December, 1948. (To be 
ec at Annual Meeting of American Society of 


<“anical Engineers, December, 1949.) 


DISCUSSION 


evolve several shapes of specimen that 
did not have the same amount of material 
at peak stress, and flexural fatigue studies 
were finally made of beams having the 
following shapes of cross-section: (a) 
round; (b) square, with neutral axis 
parallel to one edge; (c) square with 
neutral axis as a diagonal of the square; 
and (d) the same specimen as type (c) 
but with a small portion of the extreme 
fiber removed at top and bottom of the 
beam. The results indicated that the 
round cross-section was superior in 
fatigue strength to any of the other 
shapes tested even though other beams 
such as type (c) had a smaller amount of 
material on the extreme fiber and sub- 
jected to the peak stress. Thus the 
volume of material in the region of peak 
stress did not appear to be the only 
factor controlling the altered fatigue 
properties of these cross-sections; some 
of the inelastic readjustments that occur 
throughout the duration of a fatigue test 
are perhaps fully as important as the 
amount of material at peak stress. One 
must recognize that under conditions 
imposed by repeated loading, metals are 
not perfectly elastic or they would not 
fail in fatigue. Nominal stress calcula- 
tions employing the flexure formula are 
therefore in error, and a full explanation 
of these shape effects must in some man- 
ner be concerned with the susceptibility 
to localized inelastic action as governed 
by the shape of cross-section. 


Me. T. T. OBERG (author’s closure).—_ 


The method of finishing the corners on 


the gage section of the square and rec- 
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TABLE IIT.—A COMPARISON OF THE FATIGUE LIMIT FOR R. R. MOORE ROTATING-BEAM 


WITH RECTNAGULAR, SQUARE AND ROUND CANTILEVER NON-ROTATING-BEAM SPECIMENS, 


Type Specimen Material 


Rectangular Cantilever 


Round Rotating Beam R. R. Moore..... } 18-8 
Round Rotating Beam R. R. Moore...... 
Rectangular Cantilever.................. 
Rectangular Cantilever................. S.A.E. 
Round Rotating Beam R. R. Moore..... 4130 


Round Rotating Beam R. R. Moore..... 
_ Rectangular Cantilever 


Rectangular Cantilever.................. 


Round Rotating Beam R. R. Moore..... 


4 


@ Retreated or drawn 
Retreated or drawn 
© Retreated or drawn 


follows. Slight rounding with No. 1 and 
No. 0 emergy paper. No attempt was 
-made to measure the radius of curvature 
on the rounded corners. Since the opera- 
tion was done by hand, there may have 
been some slight variation. 
_ It appears that the most important 
factor which affects the fatigue strength 
of material is the specimen shape. In 
comparison to the round specimen which 
has a continuous smooth surface, the 
fibers on the corners of a rectangular 
7 specimen are not supported to the same 
d degree by the adjacent fibers. This would 
cause a stress gradient near the corners 
with the results of lower fatigue strength 
for material of high notch sensitivity. 
In Table III is shown a comparison 


‘follows, cantilever specimens was as 


Fatigue Strength at 100 000 000 Cycles 


at 1100 F. for 1 hr., quenched in oil. 
at 950 F. for 1 hr., quenched in oil. 
at 650 F. for 1 hr., quenched in oil. 


SPECIMEN 
Ultimate 
Elonga- 
Condition | cfensile | “tion, Fatigue 
psi. per cent ps. 
Annealed 86 000 49.0 35 000 
Annealed 86 900 60.0 35 000 
Heat Treated® 129 000 17.0 73 000 
Heat Treated® 129 000 17.0 62 000 
Heat Treated? 150 000 14.5 72 000 
Heat Treated? 150 000 14.5 85 000 
Heat Treated® 206 000 10.0 | 115 000 
Heat Treated 206 000 10.0 74 000 
Heat Treated 84200 | 12.5 | 1850 
Heat Treated 84 200 | 12.5 21 000 
Heat Treated 84 200 12.5 29 000 
84 200 | 12.5 25 000 


Heat Treated 


of the fatigue limits for R. R. Moor 
rotating-beam specimens with those for 
square, rectangular and round non- 
rotating cantilever specimens from low 
and high notch sensitive materials. The 
values were obtained at Wright-Patter- 
son Air Force Base. Annealed 18 per cent 
chromium, 8 per cent nickel steel, which 
has very low notch sensitivity, developed 
the same fatigue limit for R. R. Moore 
rotating-beam specimens as that for rec- 
tangular cantilever sheet specimens. 


S.A.E. 4130 steel heat treated to a ulti 
mate tensile strength of 206,000 psi. de- 
veloped a fatigue limit of 115,000 psi. for 
R. R. Moore rotating-beam specimen and 
74,090 psi. for rectangular cantilever 
beam specimen or a reduction of approx 
imately 36 per cent. 
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CREEP AND STRESS-RUPTURE INVESTIGATIONS ON SOME 
ALUMINUM ALLOY SHEET METALS* 
By J. E. Dorn! ann T. E. Tietz! 


SYNOPSIS 


Increased interest in the elevated temperature properties of aluminum alloys 
prompted investigations on the creep and stress-rupture characteristics of 
3S-H12, 3S-H18, 52S-H32, 52S-H38, 61S-T6, and 24S-T3 (A.S.T.M. Desig- 
nation M1-H12, M1-H18, GR1-H32, GR1-H38, GS21-T6 and CG21-T3 re- 
spectively). From 90 F. to 400 F., the above sequence of alloys was found to 
be the order of increasing resistance to creep and stress rupture. Cold rolling 
appears to have a beneficial effect on the creep resistance and the time to rupture. 

The data for 3S-H12 and also 3S-H18 were analyzed in terms of Hollomon’s 
theory of creep, but the theory did not correlate well with the experimental 


facts. 


Over the past few years, many engi- 
neers have expressed increased interest 
in using aluminum alloys at elevated 
temperatures. Stress-rupture and creep 
lata are currently available (1)? for some 
ff the precipitation-hardened alloys. 
But the scope of the previous investiga- 
tion did not include all of the alloys of 
current interest. The following program 
of studies was therefore initiated in order 
to provide some of the missing data and 
ilso to uncover new factors of importance 


: the creep behavior of aluminum al- 


MATERIALS 


The alloys selected for this investiga- 
on, recorded in Table I, may be classi- 


ted into two major groups: alloys which 
“é not hardenable by precipitation 


‘Presented at the Fifty- 
“Society, June Annual Meeting of 
My €ssor of Physical Metallurgy and Research En- 
fat” respectively, University of California, Berkeley, 
The bol 
ust of refe 


t 


dface numbers in parentheses refer to the 
rences appended to this paper, see p. 831. 


815 


were placed in Class I, and those which 
are precipitation hardenable were placed 
in Class II. The actual composition of 
each alloy, as determined by spectro- 
chemical analysis, is also recorded in 
Table I. 

The materials used in this investiga- 
tion were obtained from standard com- 
mercial stock. The processing of the 
materials studied was therefore in ac- 
cordance with common production tech- 
niques. It was considered desirable, 
however, to test material truly repre- 
sentative of the several alloys under 
study. An attempt was therefore made 
to select samples of sheet which ex- 
hibited almost typical mechanical prop- 
erties. How closely this was achieved 
is illustrated in Table II, in which are 
recorded the typical and actual tensile 
properties of the materials which were 
studied. 


EXPERIMENTAL TECHNIQUE 
The designs of the creep equipment, 
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TABLE I.—CHEMICAL COMPOSITION OF ALLOYS INVESTIGATED. 


Actual Composition,® per cent 


cri Go Si | Mn | Mg 


Typical Composition, per cent 
Class Alloy and alloying elements 
Condition 
| Cu Si Mn Mg 
| 3S-H12 
| 
52S-H32 
{ 61S-T6 (bare) 0.25 | 0.6 1.0 
24S-T3 (bare) | 4.5 0.6 | 


TABLE II.—MECHANICAL PROPERTIES. 


Typical® Actual* 
tion |e led ja .8 
- 3S-H12.....| 17 000 19 000) 10 19 250 19 950 15.5 
3S-H18.....| 26 000 29 000 4 26 450 27 800 5.8 
52S-H32....| 27 000 34000 12 29 150 35 450 &.5 
52S-H38....| 36 000 41 000 7 35 750 40 600 9.0 
—61S-T6 .....| 40 000 45 000) 12 39 900 46 900 15.2 
24S-T3.....| 50 000, 70 000, 19 52 700, 72 050 19.5 


_ @Pata furnished by the Aluminum Company of 
America. 
“Alcoa Temper Designations for Cast and Wrought 
d Products,” Aluminum Company of America, Pittsburgh, 
Pa. The Eddy Press Corp., January 1, 1948. 
© “Alcoa Aluminum and its Alloys,” Aluminum Com- 
any of America, Pittsburgh, Pa. The Eddy Press 
(1947). 


furnaces, specimens, and extensometers 
have already been reported (1) and 
therefore need not be repeated here. 
The specimens were carefully machined 
from 0.064 in. thick sheet, the axis of 
the specimen being selected in the roll- 
‘ing direction. The reduced section of 
_ the specimens was 7.5 in. long and 0.500 
in. wide; and the gage length used for a 
determination of the creep strains and 
“the secondary creep rate included the 
central 6 inches of the reduced section. 


Accuracy of Measurements: 


Loading of the specimen was obtained 
through 10:1 levers, to which metal 
containers holding lead shot were at- 
tached. The loads on the specimens 
were controlled to +1 lb. 

The extensometer dials were gradu- 


. Spectrochemical analyses. Data furnished by the Aluminum Company of America. 


0.14 | 0.21] 1.05] | 0.48]... 

19] 1.08) | 0.39)... | 

0.05 | 0.15 | 0.04 | 2.59 | 0.21 | 0.14 | 0.01 | 0.0 


0.04 | 0.10 | 0.01 | 2.45 | 0.25 | 0.18 | 0.01 | 0.01 


0.25 | 0.21 | 0.57 | 0.05 | 1.01 Fe | 0.29 | 0.03 | 0.03 


0.13 | 0.67 | 1.43 | 0.03 | 0.27 | 0.02 | 0.05 


ated in divisions equivalent to 0.005 in, 
change in gage length. Readings were 
made to one tenth of a division cor- 
responding to a strain of 0.00008 in. per 
in. 

Temperatures for the 400 F. and 30 
F. furnace were maintained constant by 
boiling glycol-water solutions. Boiling 
water was used to obtain the 212F. 
temperature, and a thermostatic con- 
trol with water to maintain the 9F. 
temperature. 


TESTING PROCEDURE 


The specimens were inserted into the 
furnace one hour prior to application of 
load in order to permit the specimens to 
obtain the testing temperature. The 
load was then gradually applied. The 
extensometer was read and the specimen 
temperature was determined at periodic 
intervals during the test. In addition, 
the time to fracture after application of 
the load, the type of fracture, and the 
fracture strain were recorded; also the 
time for initiation of the secondary and 
tertiary stages of creep were determined. 


EXPERIMENTAL RESULTS | 
e+ 
Strain-Time Curves: 


The strain as a function of time at the 
various conditions of stress which were 
investigated is shown in Figs. 1 to 6. 
In order to record all of the data with 
equal accuracy on identical scales, the 
logarithm of the total strain was plotted 
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sa function of the logarithm of the 
ime. Although this method of record- 
ng creep strains is somewhat uncon- 
entional, it has the advantage over the 
ore common cartesian plots of per- 
itting more rapid comparisons among 
various temperatures and _ alloys 
hich were investigated. The open 
rcles represent the data during the 
yurse of the investigation and the solid 
oint at the terminus of some of the 
urves is a fracture datum. 


EVALUATION OF THE DATA 


In order to ascertain some of the sig- 
ificant quantities for creep, all of the 


creep to the next stage. Consequently, , 
the data on the time of initiation of the 

secondary and tertiary stages are not ] 
believed to be highly accurate. 


DISCUSSION OF RESULTS 


The effect of stress on the secondary 
creep rate and on the time to rupture } 
are recorded in Fig. 8. In order to pro- 
vide a rapid comparison of the secondary 
creep rate and the time to rupture for 
any given stress level, both the secondary 
creep rates and the times to rupture were 
plotted on the same chart, using the 
conventional logarithmic method of plot- 
ting. 


0.20 

0 '8 | Temperature 400 | 
= | rh 
= — {| 
v 0 | | it 
* ait $4 | 
| 
| | 
+ 
H 0.08-—7+— 

R= Creep Rate=0.000095 in per inch per hr 
002 ] | Strain Intercept = 0.00920 in. per inch 
Time, hr. 


ests were also plotted in cartesian co- 
ordinates as illustrated in Fig. 7. The 
secondary creep rate over Stage II of 
the diagram was obtained by a graphical 
‘etermination of the slope of the straight- 
ine portion of the creep curve. Since 
some interest was expressed in the dura- 
ton of the primary and secondary stages 
of creep, an attempt was made to de- 
‘mine the times at which the secondary 
ind tertiary stages of creep are initiated. 
It Was not always possible to do this 
mth high accuracy because of the rather 
gradual transitions from one stage of 


Fic. 7.—Typical Creep Curve. 7 


It is interesting to note that the curves 
for 3S-H12, 3S-H18, 52S-H32, and 
52S-H38 are almost linear. Plots for 
61S-T6 and 24S-T3 at 212 F. and above 
are curved. Similarly curved creep and 
stress-rupture curves were obtained in 
the earlier investigations on precipita-— 
tion-hardened aluminum alloys (1). Per-— 


haps the differences between the two | 
classes of alloys is associated with the 
absence of precipitation and overaging 
effects in the first group and the existence 
of these effects in the second group. 

Alloy 61S-T6, having been artificially 
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Fic. 8.—Secondary Creep 


= — 
| 
= 
wae Pott 
| 
= 


90000 
70000 | 


50000 
40000 


30000 


On CREEP AND STRESS-RUPTURE OF ALUMINUM SHEET _ 825 : 


20000 
15000 


10000 
8000 


6000 
5000 
4000 


3000 


48000 F 
44000 
40000 

36000 
32000 
28000 
24000 
22000 
20000 
18000 
16000 


14000 


“A 

12000 

4 | || (@)\6)S-76 

10000 4 | 

| 


Tensile Stress, psi. 


60000 


50000 


40000 


30000 


| | Fracture Time 

| | Secondary Creep Rate 
4000i—2 468| 2 468, 2 468] 2 468| 2 468 
0.1 ! 10 100 1000 10000 


Time, hr. 
0.00000! 0.0000! 0.000! 0.00! 


Creep Rate, in. per inch per hr. 


Rate and Stress Rupture. 


ne 
‘a H5é 
| 
A. 
il 
| 


826 


aged at 345 to 355 F. for about 8 hr., 
is initially in a precipitation-hardened 
condition that provides about the maxi- 
mum flow stress. Additional time at 
the elevated creep temperatures results 
in overaging and consequent reduction 
in the flow stress. At lower stress levels 
and, therefore, longer exposure times at 
the elevated temperatures before the 
secondary stage of creep begins, the 
metal becomes softer and therefore ex- 
hibits proportionately greater secondary 
creep rates. In this way, an explanation 
of the fact that the secondary creep 
curves for 61S-T6 are concave downward 


rs 
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times, the flow stress is lowered below 
its value in virgin 24S-T3, and higher 
secondary creep rates are possibly ob- 
tained than would be obtained in virgin 
material. At about 300F., in which 
region the effects of precipitation harden- 
ing are known to be pronounced, 24S-T3 
creep data would be expected to deviate 
more severely from the linear relation- 
ship than the 61S-T6 data at the same 
temperature. The fact that it is so sup- 
ports the validity of this hypothesis, 
But again in 24S-T3 alloys the effects of 
strain, as well as temperature, may affect 
the rate of precipitation hardening and 


might be sought. Undoubtedly the overaging. 
6 T T 
{|| | | 
4 ; 
| | 212F | 
4 | = 
% 10000 t 4 
8 
6 
4 
2— 
2 2 2 468) 2 468 
1000 
0.00001 0.0001 0.001 001 0. 


creep strains also has an effect on the 
rate of overaging of the precipitation- 
alloys. 

Alloy 24S-T3 is not initially in its 
highest flow stress condition, and it will 
continue to precipitation harden at the 
elevated creep temperatures. For longer 
times at temperature, however, overag- 
ing will occur, the rate of precipitation 
hardening and overaging increasing with 
‘increasing temperature. In the short- 


time creep tests at high stress levels, 
therefore, the flow stress may have in- 
creased above its initial value and the 
_ secondary creep rate may therefore be 
_ lower than in the virgin alloy, whereas 
for lower stresses and therefore longer 


Creep Rate 


Fic. 9.—Effect of Stress on the Creep Rate at 3 per cent Creep Strain for 3S-H18. 


A comparison of the data for 3S-H12 
and 3S-H18 reveals that the time to 
rupture and the secondary creep rate 
are substantially improved by cold roll- 
ing from the H 12 to the H 18 condition 
for all temperatures which were studied. 
A less pronounced improvement of the 
stress rupture and creep characteristics 
of 52S alloy as a result of cold rolling 
from the H 32 to the H 38 temper 's 
also noted at 90 F. and 212F. But at 
300 and 400F., there appears to be 
little difference between the creep char 
acteristics of 52S in the two different 
cold-rolled tempers. 

If a suitably accurate theory of creep 
were available which would permit a0 
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analytical correlation of the creep rate 
with the stress, temperature, and the 
total creep strain (or perhaps an effective 
creep strain), much time and effort in 
sathering creep data could be saved. 
Such a theory would permit predictions 

f the creep rate for all temperatures 
nd stresses from a minimum number 
f tests. 

Recently Zener and Hollomon (2, 3) 
roposed a simple expression for corre- 
iting the flow stress of metals with the 
strain, the strain rate, and the temper- 
ture. They suggested that 


(1) 
vhere: 
L Ao 10 
= => S — 
A Ay A { lo 
= S(1+ (true stress) 


(true strain) 
(1 + €) (true strain rate) 


AH = activation energy (cal. per mole), 

R = gas constant (cal. per mole per 
deg.), 

= absolute temperature (deg. K), 

¢ = base, natural Jogarithm, 


| = instantaneous tensile load, 
A = instantaneous cross - sectional 
area, 


Ay = initial cross-sectional area, 


5 = L/Ao the engineering stress, 

¢ =- the engineering strain, 

| = instantaneous gage length, 

= initial gage length, and 

! = time 


this relationship has been used to cor- 
relate the flow stress of metals with the 
‘train-rate and temperature at constant 
‘trains over regions of temperature 
where recovery is not a complicating 
factor. More recently, however, Hollo- 


| 


mon (4) suggested that this equation is 
also valid in the creep range of tempera- 
tures for materials that exhibit structural 
stability. It is interesting, therefore, 
to examine its validity for the tests in- 
vestigated here. 

Alloys 3S-H12 and 3S-H18 appear to 
be most suitable for this examination 
because of the indications of structural 
stability suggested by the linear rela- 
tionship between the logarithm of the 
creep stress, S, and the logarithm of the 

ad 


(4). Undoubt- 


edly Eq. 1 is invalid for 61S-T6 and 
24S-T3 because they undergo precipita- 
tion and overaging phenomena which 
introduce another independent variable, 
namely, time at temperature. 

A review of the creep data for 3S-H18 
revealed that the creep rate at a strain 
of « = 0.03 was accurately evaluable for 
all stresses which were investigated at 
temperatures from 212 to 400 F. ‘These 
data are recorded in Fig. 9, where it 
will be noted that 


secondary creep rate 


de 


log S = A + (2) 


for each temperature. Therefore, by 
conversion to true stresses and true 
strain rates 


log ¢ = log (1 + e) 

= A + Bllog + log (1 + 
or since e = 0.03 
log¢ = A’ + Blog@é..... (3) 


where A’ and B are functions of the 
temperature. But according to the dic- 
tates of Eq. 1, the temperature effect 
should be accounted for by 


logs = A’ + Blog 


AH 
=A + Blog + Bx, log 


q 


» 
4 
4 
| 
| 
ing 
| | 
lar 
ot 
| 
} 
1 


0 


2l2F. 


| 
= 
LED 
| 


1000 


100 


Fic. 10.—Time To Initiate 


25000 


8 


& 
"isd ‘s 


15000 


10000 


828 DoRN AND TIETZ 
30000 
| | | | 
| | | 
- 
40000 | | il 
30000 |_| 
| 
| 
10000 
| ‘| | | | | | 
= 4 a | 2 2 468] 2 468 
- 


On CREEP AND STRESS-RUPTURE OF ALUMINUM SHEET 


| 


Stress, psi 
oO 
oO 


Tensile 


10000 


ie) 
70000 


60000 


50000 


40000 


30000 


20000 


2 


Tertiary 


Secondary 
468 


0.01 


Secondary and Tertiary Creep. 


0.1 


| 
- 
| 
10 100 


830 


where A’ and B are constants independ- 
ent of temperature. Since the slopes 
of the creep curves of Fig. 9 are 
different for each different temperature, 
it follows that Eq. 1 is not valid for the 
creep of 3S-H18 alloy. A similar analy- 
sis for 3S-H12 demonstrates that Eq. 1 
is also invalid for this alloy. It is quite 
possible that the failures of Eq. 1 arise 
from softening of the work-hardened 
metal at the elevated creep tempera- 
tures and therefore the effective strain 
may not be 0.03 but some lower equiva- 
lent value. Although this is undoubt- 
edly a contributing factor to the failure 
of Eq. 1 it is now known that Eq. 1 is 
invalid even at low temperatures where 
recovery is absent (5). There yet exists 
a need for fundamental studies on the 
creep of metals to elucidate more com- 
pletely the processes occurring during 
creep in order to provide a reasonably 
accurate stress-strain-strain rate-tem- 
perature relationship for creep phenom- 


In some applications, the time to 
rupture, as given in Fig. 8, is employed 
to designate the upper limit of useful 
life of a structural member subjected to 
conditions of creep. More recently, 
however, there has been a_ tendency 
among engineers to use a more conserva- 
tive useful life, namely, that at which 
the tertiary stage of creep begins. The 
time for initiation of the third stage of 
creep is shown in Fig. 10. In addition, 
on the same charts are recorded the 
times at which the secondary stage of 
creep begins. Reference to Fig. 7 re- 
veals that it is frequently difficult to 
ascertain with precision when the pri- 
‘mary stage of creep enters the secondary 
stage or when the secondary stage of 


Time for Tertiary Creep: 
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creep merges into the tertiary stage, For 
this reason, high precision is not guaran. 
teed for the times recorded in Fig, 10, 


CONCLUSIONS 


1. The creep and stress-rupture char. 
acteristics’ of 3S-H12, 3S-H18, 52S-H32, 
52S-H38, 61S-T6, and 24S-T3 alloys 
were studied from 90 to 400 F. for times 
up to 1000 hr. 

2. Alloy 24S-T3 exhibited the best 
resistance to creep and stress rupture, 
and 61S-T6 was second best among the 
alloys which were tested. 

3. The order of resistance to creep and 
stress-rupture among the cold-rolled 
metals was 52S-H38 (best), 52S-H32, 
3S-H18, and 3S-H12 (lowest). Little 
difference, however, was noted between 
52S-H32 and 52S-H38 at 300F. and 
400 F. 

4. Cold rolling appears to improve the 
creep and stress-rupture resistance of 
the work hardenable alloys. 

5. The relationship between the flow 
stress, strain, strain rate and tempera- 
ture ¢ = ge invalid for 
the materials investigated here. 
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Mr. M. J. MAnjorne.'—-The authors 
have expressed the fact that present 
theories of creep are inadequate to ex- 
plain their results. This is unfortunately 
true because of the many factors in- 
volved, such as the metallurgical changes 
which take place during these tests. 

However, in the effort to get a more 
general expression for the flow of a 
metal, the characteristic flow-stress curve 


INCREASING STRAIN RATE (LOG u) 
DECREASING TEMPERATURE ——> f(@) 
DECREASING RUPTURE TIME (LOG Tr) 


Fic. 11.- 


Characteristic Flow-Stress Curve for 
Metals. 


is presented in the accompanying Fig. 
11. This curve expresses the flow stress 

at a given strain as a function of strain 

rate, temperature, or rupture time. In 

the first region, 1, the stress can be ex- 

pressed in most cases by the hyperbolic 
sine law. In the second region, 2, the 
effects of a metallurgical change are 

1 Research Engineer, Mechanics Dept., Westinghouse 


Research Labs., Westinghouse Electric Corp., 
Pittsburgh, Pa, 
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«DISCUSSION 


taken into account. This change may be 
precipitation, as noted for the alloys in 
this paper, or may be annealing, the 
effect of which increases toward the left 
as longer times are available. In the 
third region, 3, the stress is practically 
a logarithmic function of the rate. This 
range also represents those tests at 
lower temperatures where precipitation 
or annealing occur too slowly to affect 
the strength. 

In the tests described in this paper 
the temperature range is such that the 
flow condition changes from region 3 to 
region 1. We cannot, therefore, expect 
one flow law to cover all the tests since 
these alloys act like different materials 
at the various temperatures or, in some 
cases, at the various stresses. Any 
theory which does not take into account 
this change in the material will not, of 
course, express the -flow condition. 

This diagram is, therefore, presented 
to show that if tests are made on mate- 
rials which undergo these changes, then 
the theory of flow must be so general as 
to take these factors into account. 

Mr. G. R. Goun.2—I should like to 
add to what Mr. Manjoine has said 
that the laws governing creep are fur- 
ther complicated if you have recrystalli 
zation occurring during any one of the 
three stages of creep. Generally, this 
recrystallization has not been observed 
in the materials which we have studied, 
but Greenwood and his coworkers have 
shown that there is a very marked change 
in creep rate during recrystallization 9 


2 Member of Technical Staff, Bell Telephone Labor 
tories, Inc., New York, N 
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that we have to add this additional fac- 
tor to those which Mr. Manjoine has 
jiscussed. (Some of this work has been 
published in recent English publica- 
tions.) 

The authors have stated two points 
which I should like to emphasize: first 
of all, there is no common law which 
will apply to the entire range of creep. 
Usually, there are three different stages 
of creep and no one law appears to fit 
all three. Many authors and students of 
the creep-behavior of metals over-sim- 
plify the problem by developing one 
equation to fit the entire time-extension 
curve. This just cannot be done. 

The other point which I should like to 
emphasize is a statement by the authors 
that, today, we are placing more em- 
phasis on creep rate data and the begin- 
ning of the tertiary stage of creep than 
on stress-rupture data. When I first 
got into creep testing, everybody was 
studying the stress-rupture curves, try- 
ing to extrapolate these curves and 
develop a formula for calculating the 
minimum stress at which no rupture 
would occur. Well, obviously, from an 
engineering standpoint, in most cases 
the usefulness of the alloy has ceased 
long before rupture occurs. This is now 


being recognized and there is increasing 
emphasis on obtaining the minimum or 
steady creep rate and some indication 
as tothe period of time during which 
that rate will hold. From these data one 
can predict, with reasonable factors of 
safety, the useful life of the equipment 
which is being designed. I am very happy 
to see that the authors have stressed this 
point in their discussion. 

Messrs. J. E. Dorn ann T. E, 
Tietz (authors’ closure)—The authors 
wish to thank Mr. M. J. Manjoine and 
Mr. G. R. Gohn for their pertinent con- 
tributions to this paper. They concur 
heartily with the theses of both Messrs. 
Manjoine and Gohn that structural 
changes which occur during creep pre- 
clude the possibility of the validity of 
any theory which neglects such factors. 
Recent unpublished investigations con- 
ducted in the metallurgy laboratories 
of the University of California have 
clearly shown that the properties and, 
therefore, the structure is changing even 
over the secondary stage of creep in such 
a way that the amount of strain harden- 
ing is greater at the conclusion of the 
secondary stage than just after the 
initiation of the secondary stage. This 
fact further emphasizes the comments of 
Messrs. Manjoine and Gohn, 
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THE INFLUENCE OF VIBRATION ON THE CREEP OF LEAD* 


By J. NEILL GREENWOOD! 
SYNOPSIS 


Creep tests on two industrial leads (both very pure) and two lead alloys, 
one containing 0.027 per cent silver and the other 0.07 per cent copper have 
been made under conditions whereby a gentle 50 cycles per second vibration 
was superposed on direct tensile stress. The stresses were between 100 
and 350 psi. 

It is shown that vibration increases the rate of creep and also accelerates 
the recrystallization under stress. During recrystallization, the creep rate 
increases considerably. Without vibration, the industrial lead (U) will 
recrystallize after an extension of 4 to 5 per cent, whereas, with the vibration 
superposed, this will occur after 2.5 per cent extension. The grain size 
increases considerably during this process. 

The effect of silver on the over-all creep rate under vibratory conditions, is, 
in general, negligible, though in detail it seems evident that the creep char- 
acteristics of the alloy are quite different from those of the basis lead. It 
is shown that in a certain condition the creep rate of lead can be increased by the 
presence of silver. 

The effect of copper is affected by the degree of dispersion. Finely dis- 
persed copper considerably lowers the creep rate of the basis lead while a 


coarser degree of dispersion leaves the creep rate unchanged. 

Both silver and copper reduce the susceptibility of lead to recrystallize 
under stress, at least up to 15 per cent extension, 

Annealing lead at 120 C. (250 F.) for 24 hr. stabilizes the crystal grains 
in some way, reduces the creep rate under given conditions, and reduces 
the susceptibility to recrystallization under stress. 


Previous 


In a series of papers (1-8)? the author 
and his colleagues have given the results 
of their experiments on the influence of 
stress on the creep rate of lead and its 
dilute alloys with Ca, Mg, Zn, Cu, Ag, 
Te, Sb, and Bi respectively. 

More recently, more detailed work has 
been reported (9-12) on the influences of 


* Presented at the Fitty-second Annual Meeting of 
the Society, June 27-July 1, 1949. 

' Research Professor of Metallurgy, Baillieu Labora- 
tory, University of Melbourne, Australia. 

2 The boldface numbers in parentheses refer to the 
references appended to this paper, see p. 850. 


stress and temperature on the creep rate 
of pure lead, 0.03 per cent silver lead, 
0.07 per cent copper lead, and 0.05 per 
cent calcium lead. 

It has been shown that there is a gen- 
eral type of curve (Fig. 1) which e& 
presses the relationship between stress 
and creep rate after a given time (or total 
creep after a given time). This type of 
curve, known in America as the McVetty 
type curve, has been styled by the author, 
(10) a creep yield curve and a special sig 
nificance has been given to the two 
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1G. 1.—Creep Yield Curves for Several Industrial Leads Under Static Conditions (American and 


Australian Results). 


ranches of the curve. Below the knee 
f the curve—the creep yield stress—it is 
onsidered that the stress affects chiefly 
he boundary zone of the crystal, while 
bove this stress it is thought that defor- 
nation occurs, as well, in the body of the 
rystal itself. It is further considered 
that this stress is a fundamental charac- 
teristic to be determined for each alloy, 
and that design stresses should be kept 
below this value. ‘The sharp increase in 
the creep rate above the creep yield stress 
is partly due to the increased volume of 
material taking part in the movement, 
and partly due to a new mechanism of 
deformation which comes into operation. 

From Fig. 1 it will be seen, as would be 
expected, that the creep yield stress is 
affected by temperature. The results 
incorporated in that figure are partly 
from the author’s laboratory and partly 
from the Illinois Engineering Experiment 
‘tation (C. W. Dollins (13)). 

for the sake of completeness the 
stresses which give 1 per cent stretch in 
L yr. at various temperatures for pure 
tad, 0.07 per cent copper lead, and 0.02 
0 0.05 per cent calcium lead are given in 
fig. 2 (12). The importance of data of 
this type cannot be overestimated in con- 
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Fic. 2.—Stress (Static) to Cause 1 per cent 


Extension in 1 yr. for Various Leads at 
Different Temperatures. (American 
and Australian Results). 


Another important result reported in 


previous work is that lead will undergo 


spontaneous 


rection with design. a stress, and at the time of this change the © 
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creep rate considerably increases. The difference in the nature of these two 
Hence a marked deviation is obtained in curves is brought out more strongly if 
the strain-time curve (constant load) they are plotted as in Fig. 4, in which 
_ similar to that shown in curve B of Fig. 3. strain and strain rate are the coordinates, 


7 


EXTENSION, PER CENT 


50 75 100 125 150 75 
DURATION OF STRESS, DAYS 

Fic. 3.—Typical Strain-Time Curves for Lead Showing the Influence of Recrystallization Under 
Stress. Temperature 20 C. 
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Fic. 4.—The Same Data as in Fig. 3 Plotted as Rate of Creep Against Extension. 


The two curves in this figure were ob- In curve A, a marked fall in rate of cret?, 
tained with two different industrial leads as stretching progressed, is noted 
in the same condition under 500 psi. minimum value is reached after whi 
stress after annealing 100 C. for 15 min. _ the rate slowly increased again and, wt 
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mately, fracture occurred. In the case Although indication of intercrystalline 
‘curve B, after reaching a minimum cracking had been found in the quiescent 
alue, the creep rate suddenly increased, _ tensile creep tests, it was not so extensive 
ached a maximum, and then fell to a as that which is so frequently observed 
minimum rather lower than the previous _ in the failure of lead sheeting in industrial 


TABLE I.—DESCRIPTION OF TEST SPECIMENS. 


Series 4 Cc enition Stresses Applied, psi. 


200 | 250 0.5 to1.5 


1.... SA Annealed at 100 C. for 15 min. 50 | 100 
2..... SA. Annealed at 125 C. for 24 hr. 50 | 100 | 200 | 


Annealed at 100 C. for 15 min. | 100 | 150 | 200 
Annealed at 125 C. for 24 hr. | 50 | 100 | 200 | 350 


for 15 min. | 200 | 350 
Annealed at 125 C. for 24 hr. 100 | 200 | 350 


Billet annealed at 250 C. for 40 hr. Test | 100 | 200 350 0.05 to 0.15 
specimen annealed at 100 C. for 15 
min. 


0.2 to 1.2 


Ag Annealed at 100 C. 0.02 to 0.2 


0.05 to 0.5 


Annealed at 100 C. for 15 min. 
© 125 C. for 24 hr. 


0.15 to 0.25 


Billet annealed 250 C. for 40 hr. Test 
specimen annealed at 100 C. for 15 min. 


one, thereafter following the usual path plant. It was thought, therefore, that 
tofracture. It has been found that more the imposition of a 50 cycle vibration 
than one such peak may occur during a would simulate more closely the indus- 
complete test. The purer the lead the trial conditions, and this series of tests 
more clearly is this phenomenon observed. was inaugurated more with the object of 
The deviation on the strain-time curve, exploring the effect rather than to obtain — 
or the strain-creep rate curve, is associ- a complete answer to the influence of © 
ated with a recrystallization of the test vibration. 


| specimen. This starts from centers and TABLE II.—ANALYSES OF TYPES OF LEAD 
spreads throughout the whole specimen TESTED 

1). The new grain size is invariably Element, As, | Cu 
larger than the original (which in most eee | Sees 
was of the order of 0.5 to 2.0 mm. Copper. 0.0001 | | | 0.075 
some new Zine 20000000001) | 000 | 

‘stals revealec rmac sismut 0.0007 | 0.00 
0.0005 | 0.0042 

>to 20 mm. long by 5 to 10 mm. wide. Arsenic . 

Aiter such a change the creep rate o:0001 | 00004 | | 
toa lower value than that of the previous 
minimum, presumably due to the larger Description of Test Specimens: 
grain size. 


The tests fall into ten series, partly dis- 
tinguished by the composition of the lead 
or alloy, and partly by the treatment 
given. The description of the several 

In all the tests which had previously _ series is given in Table I, and the analy- 
been carried out by the author, care had ses for impurities and alloying elements 
teen taken to avoid vibration and shock. are shown in Table II. 7 


CREEP TESTS WITH SUPERPOSED 50 
CYCLE VIBRATION 
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The alloys Ag and Cu were made from 
U lead as a base. The ingots were cast 
intoamoldiby1by6in. After remov- 
ing the wrinkled surface by shaping, 


(a) 


(b) 


which had a prolonged homogenizing 
anneal after the ingot had been reduced 
25 per cent. This anneal was for 40 br, 


at 250 C. followed by water quenching 


(c) 


Fic. 5.—Recrystallization of U Lead Under Stress. Test Specimens Re-etched After 11 yr. 


(a) Stress 250 psi. 
(b) Stress 200 psi. 
(c) Stress 150 psi. 


they were, in general, rolled to strip } in. 


thick. 


In the case of the copper and 


silver lead alloys, as well as the direct 
‘rolling mentioned, another set of test 


Specimens was prepared from material 


Total Extension 8.4 per cent. 
Total Extension 3.7 per cent. 
Total Extension 1.6 per cent. 


and has been called a “billet” anneal. 
Its purpose was to allow coalescence of 
the copper particles in the copper alloy 
and to take the silver into solid solution 
in the case of the silver alloy. The billet 


after 
strip. 
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All 
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sfter this treatment was rolled to §-in. 
trip. The actual tests were started one 
month later. 

All specimens, before loading, received 
ne of two treatments: 


) Annealing for 15 min. at 100C., called 
“basic” anneal, or 

) Annealing for 24 hr. at 125C., called “sta- 
bilizing” anneal. 


Fic. 6.—Equipment for Making Tensile Creep 
Tests Under Vibratory Conditions. 


It had previously been found that for 
the alloys used, treatment (a) removed 
cold work effects, while treatment (db) 
tended to stabilize the crystal bounda- 
‘és, that is boundary migration was 
minimized, 

The grain size of the specimens after 


these various treatments is given in the 
last column of Table I. 

The specimens were cut from the 1.5- 
in. wide strip by supporting in a jig and 
reducing the width at the gage length to 
0.5 in. with a 2-in. radius shoulder (see 
Fig. 5). 

To measure the strain, chromium- 
plated brass strips were soldered to each 
end of the 100-mm. gage length in such 
a way that they lay alongside each other, 
overlapping about the center of the test 
specimen. A fine line was scribed across 
these two strips and a Cambridge meas- 
uring microscope was used to read the 
distance apart of the lines as the speci- 
men extended. ‘The strain could be read 
directly to 0.005 mm. 


The Straining and Vibrating Equipment: 


The general assembly of the test bench 
is shown in Fig. 6. The saddles carrying 
the specimens were each suspended on a 
5-mm. ball for self alignment. There 
were 14 specimens on each of two steel 
bars 4 in. by 0.5 in. in cross-section. 
The two bars were connected at the ends 
by welded cross pieces and the whole sys- 
tem was suspended through springs from 
a platform on which was mounted a disk 
rotated at 3000 rpm. by a 0.25-hp. motor 
through a V-belt drive. When readings 
were to be taken, the motor was stopped 
and the suspension bars were clamped to 
the framework. Each specimen was 
stressed through a small spring by a di- 
rect load. 

The rotating disk conveyed a 50 cycle 
vibration with a vertical component 
which had an amplitude of 0.05 to 0.13 
mm. This vibration was quite complex, 
and no significance is to be placed quan- 
titatively on either the frequency or the 
amplitude. These experiments must be 
considered as a qualitative exploration of 
the type of influence which vibration in 
general might have. 
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Fic. 7.—Total Strain-Time Curves for SA Lead in the Basic Annealed Condition and in 
the Stabilizing Annealed Condition. 
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Fic. 9.—Total Strain-Time Curves for U Lead in the Stabilizing Annealed Condition. 


TABLE I11.—COMPARISON OF CREEP RATES 
OF SA LEAD WITHOUT AND WITH 
VIBRATION. 
(Annealed 100 C for 15 min.). 


| Elongation, per cent 


my Without Vibration | With Vibration 


| After After After After 

| lyr. 2 yr. 1 yr. 2 yr. 
100 nil? nil? 0.26 0.45 
150 | 0.09 0.15 0.8% 1.5 
200 0.45 0.64 1.8 2.3 
250 0.72 1.05 3.9° 4.4° 
300 2.30 3.08 
350 5.6° 7.6 


Estimated. 
Extrapolated from 600 days. 
*Recrystallized during test. 


TABLE IV.—INFLUENCE OF VIBRATION ON 
RECRYSTALLIZATION UNDER STRESS. 


Elongation Causing First Recrystallization, 


per cent 
‘Stres 
~ SA lead | U lead 
| 
Without) with | Without | 
tion | Vibration vibration | vibration 
2.5 
= 0.4 (2.2)% 2.8 
bas 3.3 | greater 
| than 4.6% 
32 | 4.8 2.5 (6.9)¢ 
* Actually noticed at 2.2 per cent but indications are 


that tecrystallization occurred m i i 

j uch earlier as no sli 

on original grains. 

nies hot recrystallized when the test was ter- 
aiter 914 yr. under stress. 


A second marked deviation i —_ 
& second recrystallization in the curve indicated 


TABLE V.—COMPARISON OF CREEP RATES 
OF U LEAD WITHOUT AND WITH 
VIBRATION. 


(Annealed 100 C for 15 min.). 


Elongation, per cent 


| 
Without Vibration With Vibration 
After After After 
1 yr 2 yr. 
150. . 
0.2 0.35 
250. . 0.4 0.95 
1.15 1.9 
6.0% 9.4 


Recrystallized during test. 
6 Extrapolated from 615 days. 


TABLE VI—INFLUENCE OF HEAT TREATMENT 
ON CREEP RATE OF LEAD UNDER 
VIBRATORY CONDITIONS. 


SA lead | U lead 
Stress, | 
psi. | wc i wc 100 C, 125 C. 
| for for for | for 
| 15min. | 24hr. | 15min. | 24hr. 
100. . 0.27 | 0.2 
1.8 0.55 


TABLE VII.—COMPARISON OF CREEP RATES 
OF 0.027 PER CENT SILVER LEAD WITH- 
OUT AND WITH VIBRATION. 
(Annealed 100 C. for 15 min.). 


| Elongation, per cent 


pal. Without Vibration With Vibration 
1 yr. 2 yr. lyr. | 2 yr. 
0.48 0.8 | 2.0 
350 | §.0 10.9 


\ 
@ By extrapolation from 615 days. 
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DISCUSSION OF RESULTS 
No adequate tabulation of the results 
_ is possible, so these have been expressed 
in diagrammatic form in Figs. 7 to 15. 
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(6) The various leads can be compare 
with each other under similar cop. 
ditions of stress and vibration. 

Both methods have been adopted. 


0.027 PER CENT Ag PER Pb 
e@———e — BASIC ANNEAL (ROLLED 


BILLET ANNEAL 


EXTENSION, PER CENT 


(STRIP BASIC ANNEAL) 


100 PS!. | 
12) 100 200 300 400 TOS 


DURATION OF STRESS, DAYS 


Fic. 10.—Total Strain-Time Curves for 0.027 


_ Direct from the Ingot); Stabilizing Annealed Condition (Rolled Direct From the Ingot); and Ba- 
sic Annealed (Billet Annealed 250 C. During Rolling Operaticns). 


_ There are two bases for comparison: 


(a) Each lead or alloy can be com- 
pared under a similar range of 
stresses without and with vibra- 

tion. 


per cent Silver Lead: Basic Annealed (Rolled 


Influence of Stress on SA Lead: 

As shown in Table II this is a very pute 
industrial lead. The results for this aré 
plotted in Fig. 7 and some comparative ’ 
results are given in Table III. ’ 
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It will be seen that vibration causes a 
nsiderable increase in the creep rate 
nd that this is more marked at the lower 
stresses. For example, at 150 psi. there 
‘sa tenfold increase in rate while at 200 
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corresponding figure (in both cases ob- 
tained by extrapolation) would be 50 psi. 

A further influence of vibration is that 
it more readily causes recrystallization 


under stress. 


In Table IV are given the 


T 
10.07 PER CENT Cu. PER Pb. 
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Fic. 11.—Total Strain-Time Curves for 0.07 per cent Copper Lead: Rolled Direct from the In- 


got, and Billet Annealed 250 C. During Rolling Operations. 


Cases. 


and 250 psi. there is a fourfold increase. 
Also the indications are that with the 
measuring system used, no creep would 
have been observed at 100 psi. without 
‘Vibration, whereas with vibration, the 


Final Strip Basic Annealed in Both 


elongations before recrystallization was 


observed. 


Without vibration, this lead in the 
basic annealed condition recrystallized 
under stress after 3.3 per cent elongation. — 


| 
le 
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With vibration, recrystallization was 
_ observed by the slip line system after 2.2 


It is probable, however, from 
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0.4 per cent. When re-etched after 25 
per cent elongation, the crystals which 
had originally been of an average diame. 
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Fic. 12.—Total Strain-Time Curves, Stress 100 psi., Strip Basic Annealed. 
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300 
DURATION OF 
Fic. 13.—Total Strain-Time Curves, 


the shape of the curve, and from the fact 
that slip lines were not noticed on the 
original etched grains but only on the 
much larger crystals, that the recrystal- 
lization occurred very early—after only 
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ter of 1 mm. were now found to be 30 by t 
5 to 10 mm. 

The influence of the stabilizing anne 
(24 hr. at 125.) is seen in Table \ 
The lower creep rate in this condition is 
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sual for pure leads. Also it is unusual to determine the creep yield stress with 7 
for lead to recrystallize under stress after any accuracy under these conditions, 
his treatment, although in this case no _ there is an indication in Fig. 16 that the d 
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Fic. 14.—Total Strain Time Curves, Stress 250 psi., Strip Basic Annealed. 
R means that recrystallization was noted at this point. 
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Fic. 15.—Total Strain-Time Curves, Stress 350 psi., Strip Basic Annealed. 


‘est specimen was left long enough to value is about 160 psi. (1 per cent exten- 
check this point. Evidence was ob- sion in 1 yr.). Under conditions free 
lained, however, with U lead (see from vibration, the corresponding value 


later), is over 250 psi. as can be seen from 
Although there are not sufficient points Table III. 
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Influence of Stress on U lead: 


This was an ordinary high grade indus- 
_ trial lead but not quite so pure as SA. 
The results for this lead under vibratory 
conditions are shown in Fig. 8 (basic an- 
neal) and in Fig. 9 (stabilizing anneal). 
Comparative results are given in Tables 
V and VI. 

As in the case of the very pure lead 
(SA), vibration caused an appreciable 
increase in the rate of creep. Below the 


50 


CREEP OF LEap 


is shown by comparison between Figs, § 
and 9 and in Table VI. The values jy 
the last column are approximately on 
third those for the basic annealed condi. 
tion. It will be noted, from Fig, 9, that 
this lead extended 3.5 per cent withoy 
recrystallization, while in the basic an. 
nealed condition 2.5 per cent was sy. 
ficient. 

The creep yield stress is lowered by 
vibration. This can be seen from the 


400) 
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INNEAL 
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“et _ 
creep yield stress for static conditions 
(300 psi.), this increase is fourfold to six- 
fold. In the higher ranges of stress, this 
factor becomes confused by the recrystal- 
lization phenomenon. 

Observation on this lead also confirms 
the fact that vibration facilitates recrys- 
tallization. In Table IV it is shown that 
without vibration 4 to 5 per cent elonga- 
tion is necessary to cause recrystalliza- 
tion in the basic annealed condition 
while with vibration about 2.5 per cent 
was sufficient. It is interesting to note, 
too, that both these values are somewhat 
higher than the corresponding values for 
the purer lead (SA). 

The influence of the stabilizing anneal 


4 5 6 


EXTENSION IN | YEAR, PERCENT 


Fic. 16.—Creep Yield Curves for SA and U Leads Under Vibratory Conditions, 
Temperature 20 to 22 C. : 
Comparison Curve for U Lead Under Static Conditions. 


curves in Fig. 16. The observed values 
show more scatter than is the case with 
static conditions, and the change in slope 
above and below the creep yield stress 
not so definite. Taking however the 
criterion previously used, namely, 1 per 
cent extension in 1 yr., it is found tha 
the creep yield stress under vibrator) 
conditions is 200 psi. as compared with 
290 psi. without vibration. In Fig. 16, 
the corresponding curve for static cond: 
tions is also shown for comparison. 


Influence of Stress on Silver Lead: 


As previously mentioned, this allo 
was made by adding 0.027 per cent silve 
to the U lead. One of the results of th 
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jdition was that the grain size in the 
nished condition was appreciably 
naller than that of the basis lead. The 


relative values are given in Table I. It, 


sould also be remembered that as the 
id solubility of silver in lead at ordi- 
ary temperatures is of the order of 0.01 
er cent, part of the silver in this alloy 
as dispersed as fine particles. 

The results are plotted in Fig. 10 and 
ome comparative figures are given in 
fable VIT. 

From these figures it is seen that al- 
though again vibration increases the 
reep rate, the effect is not so great as 
vith the pure leads. At the lower stress 
the rate under vibration is about two- 
fold, while at the higher stress it is of the 
ame order as the rate under static con- 
litions. 

TABLE VIII.—INFLUENCE OF 0.027 PER CENT 


SILVER ON CREEP RATE OF LEAD UNDER 
VIBRATORY CONDITIONS. 


Elongation After 1 yr., per cent 
0.027 per cent 
Stress, U lead Ag lead 

100 C. 125 C. 100 C. 125 C. 

for for for for 

1Smin. | 24hr. | 15 min. | 24 br 

0.2 0.08 0.2% 
eee 13 0.4 1.08 1.24 
2.2 

350... 6.5° | 2.45 5.95 7.8 


Extrapolated from 120 days. 
0 see how misleading such figures can be, com- 
pate the corresponding curves in Fig. 15. 


Although elongations of the order of 15 
per cent were reached, there was never 
’ evidence of recrystallization in this 
alloy. Another interesting feature, 
probably associated with the last, is that 
the curves do not exhibit that falling 
‘reep rate with extension which is char- 
acteristic of the pure leads. 

In Table VIII two comparative sets of 
ligures are shown. 

The creep rate after the two annealings 
s shown and also the corresponding 
igures for the basis U lead. It will be 
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seen: (a) that contrary to the effect with 
pure lead, the stabilizing treatment 
causes a slight increase in creep rate, and 
(b) consequently, although in the basic 
annealed condition there is little differ- 
ence between the rates for the pure lead 
and the alloy, respectively, in the sta- 
bilized condition, the alloy creeps at 
about three times the rate of the basis 
lead. 

As was mentioned earlier, a homo- 
genizing anneal was also given to this 
alloy during the rolling procedure. The 
final treatment of the strip, however, was 
the basic anneal. The effect of this bil- 
let anneal was probably a redistribution 
of some of the silver. From Fig. 10 and 
Table I[X it is seen that an appreciable 


TABLE IX.—INFLUENCE OF HOMOGENIZING 
(BILLET) ANNEAL ON CREEP RATE OF 
0.027 PER CENT SILVER LEAD UNDER 
VIBRATORY CONDITIONS. 


2 


Stress, psi. 


Elongation After 1 yr., per cent 


| Rolled Direct Billet Anneal 


0.2 0.3 
1.1 3.3 
| 6.0 8 


a 


6 Extrapolated from 120 days. 


increase in creep rate occurred as a result 
of this treatment. This is not so marked 
at 100 psi. as at 200 and 350 psi. 


Influence of Stress on Copper Lead: 


As in the case of the addition of silver, 
the addition of 0.075 per cent copper to 
lead caused an appreciable reduction in 
grain size as recorded in Table I. The 
solid solubility of copper in lead is very 
low (0.005 per cent at 290C.). The 
added copper is therefore almost entirely 
dispersed as such, since lead and copper 
do not form any intermediate phase. 
Under conditions of laboratory prepara- 


tion, this copper will be more finely dis- — 


persed than in industrial material, the 
larger masses of which would cool much 
more except in the case 
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of extrusion of cable sheathing. Hence 
the introduction of the billet anneal in 
an endeavor to obtain a coarser disper- 
sion of the copper by coalescence. 

The results for this alloy are shown in 
Fig. 11 and some comparative values are 
given in Table X. 

The only comparable value available 
in the static condition is from a test 
carried out on an alloy containing 0.066 


TABLE X.—COMPARISON OF CREEP RATES OF 
0.07 PER CENT COPPER LEAD WITHOUT 
AND WITH VIBRATION, 


(Annealed 100 C. for 15 min.). 


Elongation, per cent 


% | Without Vibration | With Vibration 
After | After | After | After 
lyr. 2 yr. lyr. | 2yr. 

350 0.12 0.26 0.8 1.3 


TABLE XI.—INFLUENCE OF 0.07 PER CENT 
COPPER ON THE CREEP RATE OF LEAD 
UNDER VIBRATORY CONDITIONS. 


Elongation after 1 yr., per cent 


U lead 


Stress, | | 0.07 per cent Cu Lead 
| 100C. | 125. 125 C. 
for for for 

15 min.| 24 hr. 24 hr. 
200....../ 1.3 | 0.4 | less than 0.05 | 0.12 
| 2.1 ie 0.05 
350. . 6.5% 2.45 0.8 0.8 


Recrystallized during test. 


per cent copper under stress of 350 psi. 
From this, it will be noted that here 
again there is an appreciable increase in 
the creep rate under vibratory con- 
ditions. 

In Table XI comparative values are 
given for the copper lead and for the 
basis U lead in two annealed conditions. 

From these tables it is seen: (a) that 
the values for the two annealings are 
very similar, and (b) the creep rate is 
much lower than for the basis lead in 
both conditions. 

Finally, the influence of redistributing 


the copper is shown in Fig. 11 and ;; 
Table XII. 

The effect of this treatment was +, 
coalesce the particles of copper, giving ; 
coarser distribution. It will be seen tha: 
there was a marked effect on the cree, 
rate. If comparison is made betwee, 
the results on the coalesced specimens i: 
Table XII with those for U lead unde; 
the same conditions given in Table V jt 
will be seen that the rates of creep ar 
very similar. In other words all advan 
tage from the addition of copper has bee: 
lost. It should, however, be noted that 
no indication of recrystallization was 
observed in this alloy even though in on 
test it stretched 16 per cent in two years. 


TABLE XII.—INFLUENCE OF BILLET ANNEAL 
ON CREEP RATE OF 0.07 PER CENT COPPER 
ALLOY UNDER VIBRATORY CONDITIONS. 


| 
Elongation After 1 yr., per cent 


Stress, psi. 
Rolled Direct | Billet Anneal 


0.19 
ce less than 0.05 | 0.8 
350. . 0.8 6.6 


Influence of Composition at a Stress of 
100 psi.: 


These results are grouped in Fig. 12 
The treatment of the test specimens i 
each case was the basic anneal, but in the 
case of the silver lead, as the test wa 
conducted for 120 days only, another 
curve for a test specimen prepared fror 
material which was subjected during pto- 
duction of the strip to the “billet anneal 
is also given. It is noted that the latter 
curve is substantially a continuation 0 
the former. 

At this stress the order of magnitude 
of creep rate for the two pure leads and 
for the silver lead is substantially similar 
though it would appear that after 2 yt 
the silver lead would continue to exten? 
at a greater rate than the two pure leads. 

The copper lead (with copper high 
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jispersed) showed a zero creep rate for 
120 days. 


Influence of Composition at a Stress of 

200 pst.: 

The results are grouped in Fig. 13. 

In this case, also, the two pure leads 
and the silver lead creep at about the 
came rate, but the copper lead at a much 
slower rate. 

In this case a comparison was also 
made of U lead with two different grain 
sizes. The test specimen with larger 
grain size (3 to 4 mm.) showed a greater 
initial stretch but a much lower creep 
rate than the one with smaller grain size 
(0.5 mm.). 


Influence of Composition at a Stress of 
250 psi.: 


These results are grouped in Fig. 14. 

Under this stress, giving rise to greater 
rates of extension, the phenomenon of 
recrystallization under stress became evi- 
dent. The SA lead recrystallized very 
early in the test and again after 2.5 per 
cent extension whilst the U lead recrys- 
tallized first after 2.5 per cent. Again 
the highly dispersed copper lead shows a 
very much lower creep rate. 


Influence of Composition at a Stress of 

350 psi.: 

The results are grouped in Fig. 15. 

The U lead recrystallized after 2.3 per, 
cent extension and again after 6.8 per 
cent. The silver lead showed an ap- 
proximately constant creep rate with 
characteristics quite different from those 
of the basis lead from which it was made. 
Again the copper lead had a much lower 


creep rate, 
CONCLUSIONS 


_ From the foregoing results, the follow- 
ing conclusions can be drawn: 
1. The creep rate of lead is appre- 
increased by vibration. 


2. The recrystallization of lead under 
stress is accelerated by vibration, that is, ; 
it occurs with lower percentage extension. = 
This point is further illustrated by the 
two curves for U lead under 200 and 250 
psi. (Fig. 8). These test specimens were _ 
examined and the original grain size con- 
firmed after 2.3 and 2.7 per cent exten- 
sion, respectively. Immediately after 
this examination, deviations usually asso- 
ciated with recrystallization occurred in 
both curves. After the vibrator was | 
finally stopped, the specimens remained 
under stress for 8} yr. (10) during which © 
time the stress time relationship was 
linear. On examining these specimens _ 
after 11 yr. from commencement of test, _ 
it was found that approximately half the — 
gage length in each case had recrystal- 
lized (Fig. 6). It is evident, therefore, 
that although recrystallization had actu- _ 
ally started during the vibration period _ 
and had made considerable progress 
during a period of 70 days, it either © 
ceased or made only slow progress during - 
the succeeding 8} yr. under the same | 
stress but without vibration. 

3. The creep yield stress (giving 1 per 
cent extension in 1 yr. is appreciably 
reduced by vibration (Fig. 16). In the 
basic annealed condition the creep yield _ 
stress for U lead is 290 psi. for a static i 
load and 200 psi. with vibration. 

4. The structure of lead can be “‘sta- 
bilized” by annealing 24 hr. at 125C. | 
In this condition the creep rate is appre- 
ciably lower than in the basic annealed 
(100 C. for 15 min.) condition, the recrys- 
tallization under stress with or without 
vibration does not occur, and the creep 
yield stress is increased, being the same 
with vibration in the “stabilized” condi- 
tion as without vibration in the basic an- 
nealed condition (Fig. 16). 

5. The influence of the addition of 
0.027 per cent silver is as follows: 

(a) The type of relationship between 
strain and time is changed, the silver 
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alloy showing no tendency to decreasing 
creep rate with time. 

(b) The alloy does not recrystallize 
under stress or vibration up to extensions 
of the order of 15 per cent. 

(c) The creep rate of the silver alloy is 
accelerated by vibration in much the 
same way as with pure lead. 

(d) Annealing at 250C. during the 
working operations (billet anneal) yields 
strip which has a greater creep rate for a 
given stress than either the basic an- 
nealed alloy or the basis lead from which 
it was made. ‘These differences in creep 
rate are more marked as the applied 
stress is increased. 

6. The influence of the addition of 
0.07 per cent copper is as follows: 

(a) The creep rate of the strip rolled 
direct from the ingot (and finally basic 
annealed) is much lower than for the 

corresponding basis lead. 


(b) If, however, an intermediate ap. 
neal at 250 C. is carried out during rolling 
operations the creep rate becomes similar 
to that of the basis lead. In this condi. 
tion, however, it shows none of the 
tendency to recrystallize possessed by 
the basis lead (up to 15 per cent ex- 
tension). 

(c) The change in creep rate caused by 
the intermediate (billet) anneal is con. 
sidered to be associated with the coa- 
lescence of the copper particles which 
takes place. If this is so, then the great 
improvement in creep resistance due to 
addition of 0.07 per cent copper found in 
laboratory experiments might not be ob- 
tained with the more slowly cooled 
masses used in industry. On the other 
hand, it might be representative of the 
behavior of extruded alloy sheathing 
which would cool relatively quickly. 
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DISCUSSION 


Mr. G. R. Goun! (presented in written 
form)—Mr. Greenwood and his asso- 
cates at the University of Melbourne 
have contributed a great deal to our 
knowledge of the behavior of lead under 
continuously applied loads (creep). Un- 
fortunately, the results of most-of their 
studies have appeared in publications 
which have not been too readily available 
in this country; hence their findings are, 
perhaps, not as familiar to engineers con- 
cerned with the high-temperature appli- 
cations of metals and alloys as they are to 
the manufacturers and users of cable 
sheathing and industrial lead or lead 
alloy sheet. Therefore, it is gratifying to 
have one of Mr. Greenwood’s papers on 
the creep of lead presented before an 
American technical society where it will 
come to the attention of this larger group. 
The author’s present paper on the in- 
fluence of vibration on creep is one of 
considerable interest today because the 
development of the gas turbine and the 
jet propulsion engine, as well as certain 
aircraft developments, has created a 
demand for engineering data on the be- 
havior of materials under various com- 
binations of stress. This demand has been 
particularly great in the case of metals 
and alloys subjected to fatigue stresses 
while operated at elevated temperatures 
of such magnitude that plastic deforma- 
lion or creep becomes an important fac- 
‘or. Now lead and lead alloys at room 
‘emperature behave in many respects 
like other metals at elevated tempera- 
‘ures, and observations made from tests 
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and creep should be helpful to those in- 
terested in the high-temperature field. 

Cable engineers, both in the communi- — 
cation and in the power field, have long | 
known that superimposed vibratory or __ 
fatigue stresses would have a deleterious 


extruded lead cable sheath. Unfortu- 
nately, however, quantitative data have 
been lacking as to the magnitude of this 
effect. Apparently this problem is also | 
of concern to those whose primary inter- 
est lies in the mechanism of creep and in _ 
the use of rolled lead sheet. As a result of © 
that interest we now have offered to us | 
by Mr. Greenwood some quantitative 
confirmation that fatigue stresses super- 
imposed upon lead or lead alloy speci- 
mens subjected to continuously applied 
steady loads will adversely affect the 
creep characteristics. 

In considering the data presented by 
the author, it would be very helpful if he 
would furnish further details on the roll- 
ing schedules used in preparing the vari- 
ors sheet materials since it is known that 
the creep characteristics of lead and lead 
alloys depend, to a large extent, upon 
their prior history. The significance of 
this dependency should not be over- 
looked by the reader in considering the 
application of Mr. Greenwood’s findings. 
As a further aid to those who are inter- 
ested in confirming or extending the work 
of the author, it would be helpful if he 
would indicate the strain amplitude and 
maximum instantaneous acceleration cor- 
responding to the added vibratory stress. 
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If this information is not available from 


4 


a.- 


the present tests, it could readily be ob- 


tained in any future work by feeding the 
output of a wire strain gage mounted on 
the creep specimen into an oscilloscope 


and recording the instantaneous values 
of strain at any time in the stress cycle. 

A study of the paper indicates that all 
of the samples were given an annealing 


treatment prior to test. This treatment, 


in most cases, produces a stable metal- 
lurgical structure but one which is dif- 
ferent from that obtained in commer- 
cially rolled sheet lead which is normally 
finished by cold rolling and far different 
from that normally found in extruded 
cable sheath or pipe. Since it appears 
that the author’s test specimens have a 
metallurgical history intended to produce 
a stabilized structure rather than to 


simulate service conditions, I believe 


that, pending a more complete study of 
the effect of combined stresses on the 
creep characteristics of material finished 


either by cold rolling to simulate sheet 


applications or by extrusion to simulate 
cable applications, we should consider 
that the author’s findings have more of a 
theoretical rather than a practical ap- 


plication. 
The author shows that in the form of 


cold-rolled and annealed sheet, an addi- 
tion of 0.027 per cent of silver to pure 
— Jead results in an alloy having a greater 
rate of creep than either of the high- 
purity leads (SA or U). He therefore con- 
cludes that silver has no beneficial effect 
upon the creep characteristics other than 
to suppress the recrystallization that 
occurs in pure lead under stress when the 
strain reaches 4 to 5 per cent. On the 
other hand, Phelps, Kahn, and Magee? 
and Gohn and Ellis* found, from studies 


2H. S. Phelps, F. Kahn, and W. P. Magee, “Influence 
of Small Percentages of Silver on the Tensile Strength of 
Extruded Lead Sheathing,’’ Proceedings, Am. Soc. Testing 


- Mats., Vol. 48, p. 815 (1948) 


2G. R. Gohn and W. C. Ellis, “The Effect of Small Per- 
centages of Silver and Copper On the Creep Character- 


q istics of Lead,”’ Proceedings, Am. Soc. Testing Mats., Vol. 


48, p. 801 (1948). 
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we 


made on extruded pipe samples tested 
“as extruded” with no more cold working 
than that equivalent to unreeling, that, 
at stresses of 250 psi. and above, silver 
in amounts up to at least 0.010 per cent 
were beneficial and tended to reduce the 
creep rate. All of the materials with 0.010 
per cent of silver or less tested by the 
latter’? had an average grain size con- 
parable to that of Mr. Greenwood’s 
silver-bearing alloy, whereas his alloy 
had about 4 to 3 the grain size of the 
high-purity lead alloys which he tested. 
Now McKeown’ has shown that within 
the range of grain sizes normally found in 
extruded sheath, the creep rate of lead 
and its alloys decreases with increasing 
grain size. This has also been confirmed 
by some unpublished work carried out in 
our own laboratories on extruded lead- 
calcium pipe. What evidence does the 
author have that the observed differences 
between the creep rate of the silver-bear- 
ing lead and the two high-purity leads 
are not due to grain size variations or 
other variations in the method of pre- 
paring the samples rather than due pri- 
marily to the presence or absence of 
silver? 

The author’s observations that the 
presence of copper in a dispersed form 
is beneficial whereas agglomeration 0! 
the copper by annealing results in a mate- 
rial having a creep rate comparable t 
that of the basis metal are interesting 
and are in agreement with the findings ol 
Gohn, Arnold, and Bouton® on att 
monial kad. It would be of considerable 
interest if the author would show photo 
micrographs of the different types 
structure for the copper-bearing |¢a¢ 
resulting from heat treatment. 

The author’s introduction of the term 
“creep-yield stress” —which he defines 
Worner paper 
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page 835 as the knee of the creep-yield 
curve (or preferably of the stress-exten- 
jon curve)—is novel and may prove to 
a very useful concept from a theoreti- 
al standpoint, provided it can be estab- 
ished that the mechanism of creep is dif- 
ferent above and below this point. This 
lifference in the mechanism of creep at 
high and low stresses is suggested by the 
ythor when he states that below the 
creep-yield stress, creep affects chiefly 
the boundary zone of the crystal while 
above this stress, creep affects the body 
of the crystal as well. We have pointed 
out in a previous paper* that the mecha- 
nism of creep is different at high stresses 
from what it is at low stresses but as yet 
we have no clear-cut evidence to support 
this thesis. In view of Mr. Greenwood’s 
statement, we wonder if he is able at 
ne this time to offer microscopic or other 
és evidence to substantiate this statement. 

In analyzing the data in the present 
paper the author defines the creep-yield 
stress not as the “knee in the curve” 
referred to on page 835 but as the stress 
required to produce 1 per cent extension 
in 1 year. This value the author con- 
siders to be of significant value in connec- 
tion with design (see page 835). With 
this we are forced to disagree. 

Reference to Fig. 1 and to Fig. 15 
shows that in some cases 1 per cent elon- 
gation per year corresponds to the stress 
at which the knee in the stress-extension 
curve occurs, but in other cases the knee 
occurs at values of extension other than 
| per cent, and in some cases no knee is 
observed. From a practical standpoint, 
I per cent elongation per year is a higher 
ead rate of creep than can be tolerated in 
practice. For example, cable designs are 
predicated upon an elongation of the 
order of 1 per cent in 10 yr. 

Mk. J. Newt GREENWwoop (author).— 
Mr, Gohn’s introductory remarks are 
lmely. In all our work on creep using 
‘ead as a basic material we have held the 
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view that the experiments could serve 
the dual purpose of defining the influence 
of elements on the behavior of lead under 
stress on the one hand and the more gen- 
eral topic of the behavior of metals under _ 
stress at high temperature on the other — 
hand. The phenomenon of slow deforma- 
tion under stress has proved to be so 
complex that it was our opinion that — 
initial cold work should be eliminated. 
Regarding the preparation of the test — 
specimens used, there is nothing further 
to add except that this was entirely in — 
the laboratory and that the material was _ 
rolled by light passes of a few thou- | 
sandths of an inch only from 1 in. thick- — 
ness to § in. The strain amplitude caused © 
by vibration is not known. 

Regarding the influence of silver, it has 
been shown (reference 4 of this paper) 
that wnder static conditions this element 
does reduce the creep rate appreciably, 
and a maximum effect was noted at about 
0.03 per cent. For this reason the alloy 
containing 0.027 per cent used in the pres- 
ent tests was chosen. The statement now 
referred to by Mr. Gohn is qualified by in- 
clusion of the words “under vibratory con- 
ditions.” The work of McKeown referred 
to was not carried out under sufficiently 
critical conditions in his (the author’s) 
opinion to establish anything relating to - 
the influence of grain size on creep rate. 
The comparison was not even made on 
one batch of lead, and the extrusion was 
done under industrial conditions. It so 
happens that, as in Mr. Gohn’s laboratory 
so in the author’s laboratory evidence 
has been obtained that the conclusion 
reached by McKeown is, however, cor- 
rect. The answer to Mr. Gohn’s query is, 
that in working with many series of 
alloys, grain sizes comparable with that 
developed by silver have been obtained. 
Sometimes the creep rate is appreciably 
less than that of pure lead, sometimes 
appreciably greater. The assumption 
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seems justified that the changes are due 
to the solutes present. 

The micrographs relating to the degree 
of dispersion of copper in the alloy used 


are given in reference 5 of this paper. 


Evidence relating to the difference in 
-mechanism of creep at low and high rate 
of deformation is difficult to obtain be- 
cause of the very small effects and the 


_ long time required to obtain observable 


results under very low stresses. It has 


_ however been shown by Wilms and 


{ 


-Wood® in our laboratory that for high 
rates of creep the mechanism is either by 
slip or by fragmentation to sub-grains 
which differ in orientation from one 
another by about 1 deg. These sub-grains 
appear to be able to more relative to one 
another. We consider (in the absence of 


_ direct evidence) that at low stresses only 


the crystal boundaries make an effective 


contribution to creep but at higher rate 


of strain more and more crystals begin to 
contribute to the deformation by one or 
other of the mechanisms mentioned. 

Mr. Gohn will appreciate that in dis- 
cussing creep results there are so many in- 
terlocking factors that it is impossible to 
make any simple statement which will 
pass without criticism. So, in the present 
case, the idea of “‘creep-yield” was intro- 
duced, without the possibility of precise 
definition at this stage. The tentative use 
of 1 per cent extension in 1 yr. was merely 
to give some comparative value by which 
to judge the results. In a polycrystalline 

_mass, the number of crystal boundaries 
or crystals contributing to the deforma- 
tion at any stage is such a complex func- 
tion of strain rate, grain size, tempera- 
ture, and intrinsic properties both of 
boundary and crystal that no precision 
is possible in defining ‘“‘creep-yield.” 

The author appreciates the careful 
study which Mr. Gohn has made of this 
paper and would point out the close cor- 


6G. R. Wilms and W. A. Wood, ‘‘Mechanism of Creep 
— Journal, Inst. Metals, Vol. LXXV, p. 693 


relation which has been shown to exist 
between the more practical tests carried 
out in America and these experiments 
in Melbourne, which has been referred to 
in the author’s recent publications (refer. 
ences 9, 10, 11, 12 of this paper). In the 
present state of our knowledge small dif. 
ferences must be ignored, and if there is 
broad general agreement we must be 
satisfied. The detail will need to await 
further experiment. 

Mr. H. F. Moore.’?—In tests of lead 
specimens cut from cable sheathing we 
have found at the University of Illinois 
that vibration shortens the life of such 
specimens. ‘The vibratory loads applied 
ranged from 10 to 20 per cent of the 
steady load. 

Since the Illinois tests were made on 
specimens cut from pieces of cable 
sheathing, the effects of the extrusion of 
the cable probably changed somewhat 
the results of the creep-to-fracture tests 
both of the tests with vibration and 
those without. 

Mr. M. J. MAnjorneE.*—In connection 
with the presentation of my paper, Mr. 
Moore and I discussed the case of adding 
an alternating stress to the steady stress 
in a creep test of lead.® The creep rate for 
lead shows an increase while that for 
many other alloys may show a decrease 
If the average creep rate for a test under 
steady load is compared with that for 
one with a superimposed alternating 
stress of very low frequency, then the 
latter test will show a higher average rate 
because of the much greater rate of strain 
at the higher stresses. If, however, the 
frequency of the alternating stress 15 It 
creased so that a higher rate of applica- 


7 Research Professor of Engineering Materials, Emer! 
tus, University of Illinois, Urbana, Ill. 

8 Research Engineer, Mechanics Dept., Westinghows 
Research Labs., Westinghouse Electric Corp., East Pi 

% Joint discussion of B. J. Lazan’s paper, Dynami 
Creep and Rupture Properties of Temporary uJ 
Materials Under Tensile Fatigue Stress, the Cree 
Manjoine’s paper, ‘‘Effect of Pulsating Loads on 
Characteristics of Aluminum Alloy 14S-T,” s¢ P- 
this publication. 
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tion of the load will occur, then the 
material appears to be stronger. This 
increase in strength is a result of a dif- 
ferent mechanism of flow than that oc- 
curring in a creep test. It is this mecha- 
nism of flow which we must check upon 
to get the difference between the flow of 
lead and that of some of the other alloys. 

Mr. P. E. CavAnaGuH.'°—I have two 
simple questions. I think Mr. Manjoine 
has just answered one of them. 

First, is there any fundamental differ- 
ence expected in the results obtained by 
introducing the same small amounts of 
additional energy to the creep process by 
vibration or by raising the temperature? 

And, secondly, where there is a con- 
flict in results as we have heard discussed 
several times is it possible that part or 
most of the vibration energy is not con- 
tributing to the creep process but is being 
dissipated in other ways? 

Mr. Goun.—The small amount of 
vibration superimposed upon the creep 
stress by Mr. Greenwood caused a shift 
of the extension-time curve of approxi- 
mately one decade along the time axis. 
Some work which Phelps, Kahn, and 
Magee? did, in which the temperature of 
test was increased from 85 to 110 F., 
caused a similar shift in the extension- 
time curve. Now, whether it can be said 
that the effects of adding small amounts 
of energy by vibration or by thermal 
agitation are equivalent or not, I don’t 
know, but the displacement of the exten- 
sion-time curve was of the same order in 
both cases. 

Mr. R. E. Pererson."'—This particu- 
lat question is not discussed in the pres- 
ent paper, but perhaps Mr. Greenwood 
has some information bearing on the 
question. 


Assistant Director 


n Dept. of Engineering and Metal- 
Ontario Research: i 


h Foundation, Toronto, Ontario, 


uy; 
Manager, Mechanics Dept., Westinghouse Research 
burgh _ Westinghouse Electric Corp., East Pitts- 
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In Mr. Lazan’s paper,” he showed that 
under certain special conditions the 
creep-rupture life was increased by a 
small amount of vibration. Mr. Lazan’s!? 
tests were made with steel at high tem- 
perature, and I am wondering if Mr. 
Greenwood has found a similar result 
with lead alloys at room temperature. 

Mr. Goun.—I am afraid that Iam not 
able to answer Mr. Peterson’s question, 
in the author’s absence, because in the 
case of creep tests on lead alloys, the 
effect which he has described is masked 
by something which occurs as a result of 
aging while the specimen is under con- 
tinuous load. In such tests we find that 
the elongation which is measured across 
the broken ends of the specimen after 
failure in the stress rupture test at high 
stresses is relatively large, but that as 
the stress decreases and the time to fail- 
ure increases, a metallurgical change 
takes place in the lead alloy and the 
elongation after failure decreases mark- 
edly. This loss in elongation is not ob- 
served in shelf-aged specimens broken in 
a short-time tension test. All of our own 
vibration tests were made at lower stress 
levels so that the loss in elongation may 
have been masked by the normal decrease 
in elongation which has been attributed 
to aging. Perhaps this should not be 
attributed to aging alone but it is defi- 
nitely a function of time and stress. 

J. New GREENWOOD (author’s closure). 

In closing I should like to thank Mr. 
H. F. Moore for his courtesy in introduc- 
ing my paper. I also thank all those who 
took part in the discussion. 

I was interested in the point made by 
several contributors, that materials may 
appear stronger at high frequencies of 
vibratory stress. It appears to me that an 
alternating stress might influence the 
rate of creep in two ways: (a) by subject- 
ing the metal to short-time applications 


2 B. J. Lazan, “Dynamic Creep and Rupture Proper- 
ties of Temperature-Resistant Materials Under Tensile 
Fatigue Stress,’’ see p, 757 of this publication. 
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_ of a peak load higner than the mean and 
_ (6) by imposing additional elastic stress 
_across boundary surfaces—whether these 
“ be crystal boundaries or crystallographic 
_ planes. In the case of (a) evidence from 
the influence of single shocks does not 
lead one necessarily to expect an increase 
of creep rate. In the case of (0) the effect 
would be to increase the tendency to 
_intercrystalline or intracrystalline crack- 
ing. I have never noticed any increase 
_ of life due to vibration, but in the experi- 
ments reported, no systematic variation 
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of the effect of frequency of vibration 
was made. 

Mr. Gohn mentioned an aging effect in 
lead alloys which results in a decrease of 
total elongation after fracture, as stress 
is decreased and life to rupture increased, 
This same feature is found also with pure 
lead, and is not related to an aging phe- 
nomenon but to the greater relative im- 
portance of grain boundaries at lower 
stresses. The decreased elongation in such 
cases is accompanied by a greater tend. 
ency to intercrystalline cracking. 
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MAGNETISM IN COPPER ALLOYS: THE EFFECT OF IRON AS IMPURITY* f 


SYNOPSIS 


The magnetic susceptibilities and residual magnetic moments of 19 copper 
alloys containing varying percentages of iron as impurity were measured under 
different conditions of thermal and mechanical treatment. 
plotted of the magnetic properties against iron content. 
on which specifications may be based for maximum iron content in alloys for 
the construction of instruments in which only weakly magnetic materials 


are permissible. 


Three of the alloys were found to be unsuitable for use in such instruments 
The remaining sixteen alloys would be suitable if the 
iron content were as low as 0.01 per cent, and some may contain higher percent- 
A solution-quenching treatment was found to be effective in 
lowering the magnetic properties of most of the alloys. 
of the alloys as regards rate of increase in magnetism with increasing iron con- 
tent was determined. Among the cast alloys, without heat treatment, three 
common brasses and bronzes were rated as good, two fair, and four poor in the 
sense that their magnetic properties began to rise rapidly at iron contents below 


under any conditions. 


ages of iron. 


0.10 per cent. 


ment. 


tent was found. 


briefly. 


Instruments containing compass nee- 
dles or other magnetic devices may 


* Presented at a meetin : i ; 
g of Committee B-5 on Cop- 
ver and Copper Alloys, Cast and Wrought, held on March 


0, ton, D. C. 
lessor of El] ig i i 
ectrometallurgy, Lehigh University, 


nee Steel Co., Pittsburgh, Pa. For- 
bone Investigator, Lehigh University, Bethle- 
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Binary aluminum bronze was found to be the best wrought alloy at low 
iron contents and 18 per cent nickel silver was best at higher iron contents. No 
other wrought alloys were rated good unless heat treated, but four wrought 
alloys and six cast alloys were rated either “best” or “good” after heat treat- 


A general pattern or type of curve for increase in magnetism with iron con- 


Annealing caused rises in the magnetic properties which were inappreciable 
at very low iron contents but increased rapidly with percentage of iron. 

Information bearing on the practical significance of the magnetic data was 
obtained by correlating the deflections of the compass needle of a surveying 
instrument with known susceptibilities and magnetic moments. Magnetism 
produced by small amounts of unalloyed iron was measured and compared with | 
that caused by the same amount of iron alloyed in the specimens. 

The correlation of magnetic properties with alloy composition is discussed 
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Graphs were 
Data were obtained 


The relative suitability 


be subject to error because of small 
amounts of magnetism in housing, 
frames, and nearby parts made of 
material ordinarily regarded as non- 
magnetic. Specifications for the copper — 
alloys commonly used in instrument con- 
struction are based on considerations of 


i 
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manufacture and structural service; they 
permit maximum contents of iron as 
impurity so high in many cases as to 
render the material unfit for use in mag- 
netic instruments, even when the actual 
iron content is much less than the stated 
allowable maximum. If the alloys are 
made of high-grade primary metals 
with due care to avoid contamination in 
manufacture, suitably low iron contents 
and hence suitably low magnetic proper- 
ties may be obtained; but if secondary 
metals are used or contamination occurs, 
serious deficiencies in instrument func- 
tioning may be encountered. 

This matter was brought to the atten- 
tion of the Laboratory Division (now 
the Pitman-Dunn laboratory) of the 
Frankford Arsenal during the recent 
World War, and under the initiative of 
Lt. Col. C. H. Greenall, officer in charge 
of the Laboratory Division, a project 
for the investigation of the effect of 
impurities on magnetism in non-ferrous 
alloys was instituted and an O.S.R.D. 
contract for the work was entered into 
between the United States Army Ord- 
nance Department and Lehigh Uni- 
versity (N.D.R.C. Research Project 
N.R.C.-79, O.D.-156). After N.D.R.C. 
became inactive the investigation was 
continued under a second United States 
Army Ordnance contract (Project 1/24). 
Initially, the work was directed toward 
measurements of the magnetic proper- 
ties of various copper alloys used in 
instrument construction, with particular 
reference to the effect of iron as impurity 
and looking toward consideration of the 
desirability of establishing specifications 
for alloys to be used in the structural 
parts of magnetic instruments. Informa- 
tion and inquiries received from various 
sources indicated that magnetism in in- 
strument parts is a frequent source of 
inaccuracy and uncertainty, not only in 
military, naval, and aircraft equipment 
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in war, but also in scientific and control 
instruments in time of peace. 

The complete investigation embraced 
a study not only of the effects of jron 
as impurity in copper alloys, but aly 
the broader aspects of variation of mag. 
netic properties with composition, and 
the effects of such metallurgical factors 
as mechanical work, heat treatment. 
aging, and variation in casting conditions 
It is not the purpose of the present 
paper to cover the entire investigation 
but to compare the copper alloys studied 
(19 in number) as regards magnetic 
properties, to rate them as to suitability 
for use in magnetic instruments with 
particular reference to increase in mag- 
netism with increased contents of iron 
impurity, and to present the data ob- 
tained as bearing on possible specifica. 
tions for maximum iron content wher 
the alloy in question is to be used in mag- 
netic instruments. 

MAGNETIC PROPERTIES MEASURED 

The ability of a diamagnetic or a 
paramagnetic substance to become mag- 
netized is measured by its magnetic 
susceptibility, which was accordingly 
chosen as one of the properties to be 
measured. Susceptibility may be de 
fined either on a volume or on a mass 
basis, but in this work the mass suscepti: 
bility, x, is reported exclusively. This 
is defined by the magnetic moment pet 
gram, a, while in the magnetizing field 
divided by the field strength, H: 


x = o/H..........-[l 


The specimens used for measurement 
in the investigation were solid disks 0! 
approximately uniform dimensions hav- 
ig a volume of 1.3 cu. cm. The mass 
of the specimen was between 9 and Il 
g., varying with the density of the alloy 

The magnetizing force in service ma) 
be the magnetic field of a compass needle 
or other small magnet contained in a0 
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instrument, together with the Earth’s 
magnetic field, or it may result from 
accidental exposure to a magnetic field 
of perhaps considerably greater magni- 
tude. 

The force which the magnetized part 
may exert is equally important. This 
force is a function of the magnetic mo- 
ment, M, which was chosen as the other 
property to be measured. The value 
of M falls off after magnetization, the 
rate of decline differing with different 
substances. The magnetic moment per 
unit volume after H has been removed 
or reduced to zero is termed the residual 
magnetization, or sometimes remanent 
magnetic moment per cubic centimeter. 
The “magnetic moment” reported in 
this paper is that obtained directly by 
the measurements, using the specimen 
of volume 1.3 cu.cm., after magnetizing 
in a nearly constant field of 436 gauss 
and measured usually one day after 
removal from the field. Under these 
conditions the same specimen could be 
used first for measurement of suscepti- 
bility on one day and then for measure- 
ment of magnetic moment on the follow- 
ing day; 436 gauss was the field strength 
of the solenoid in which the susceptibility 
was measured, so that no additional 
magnetization was required, 

The measurements of magnetic moment 
may be said to be comparable for all 
the alloys in that the field strength was 
iixed and the elapsed time nearly so. It 
cannot be stated with certainty that a 
diferent field strength would affect all 
the alloys in the same degree, but meas- 
urements of susceptibility of copper in 
which varying small amounts of iron had 

ndissolved gave values agreeing closely 
with those obtained by Bitter and Kauf- 

mann (2), although the latter used a 
much higher magnetizing field. It is 
Probable that the low susceptibilities of 


a fb boldface numbers in parentheses refer to the list 
frences appended to this paper, see p. 882. 
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+. 
the copper-base alloys with which this 
investigation was concerned are nearly 
independent of field strength when the 
latter is as high as 436 gauss. 

The rate of decrease in residual mag- 
netic moment in 70-30 brass containing 
iron impurity has been measured by | 
C. S. Smith (9). His graph of magnetic _ 
moment plotted against time showed | 
that a considerable drop occurred in the 
first hour, followed by a lesser rate of 
fall in the next 5 hr. and only a very 
gradual fall thereafter up to 27 days, the 
period of the test. In the present study, 
remanent magnetic moments were de- 
termined on three series of specimens one 
day after and again 19 days after mag- 
netization. No significant decrease was 
found in this time. Since the elapsed 
time after removal from the magnetic 
field in this work was usually one day, 
and never less than one or more than 
four days, it is believed that the reported 
values for magnetic moments of the 
different alloys are on a comparable basis. 
There may well be a considerable drop 
in a period of several weeks or months; the 
reported values for magnetic moment ac- 


cordingly represent the maximum = 


that would be encountered in service 
several hours after removal from a mag- 
netic field. The reported susceptibili- 
ties permit calculation of magnetic mo- 
ment while in a field of known strength. 

The suceptibilities are given in the 
units which have been widely adopted 
for measurements of this order, namely, 
c.g.s. units times 10°. The magnetic 
moments are stated in c.g.s. units times 
10-%, 


METHODS OF MAGNETIC MEASUREMENT 


For measurement of residual magnetic 
moment there was employed an electro- 
dynamic method using an apparatus 
designed by E. A. Johnson and A. G. 
McNish and constructed at the Depart- 
ment of Terrestrial Magnetism, Car- 


— 
ol 
rs 
xs 
itr 
10. 
j 1. 
: | 
) 
a 
eqie 


negie Institution of Washington. The 
apparatus was kindly loaned to Lehigh 
University by the Carnegie Institution 
through the courtesy of John A. Fleming, 
Director of the Department of Terres- 
trial Magnetism. In this apparatus the 
specimen is rotated in a space free of 
magnetic-field disturbance, obtained by 
neutralizing the Earth’s field and shield- 
ing electrostatically from power circuits. 
The resulting current is amplified and 
measured. A description of the appara- 
tus, with calculation of sensitivity, has 
been published by E. A. Johnson and 
A. G. McNish (5). 

For measurement of suceptibility there 
was used an apparatus developed by 
R. B. Sosman at the Geophysical Labora- 
tory, Carnegie Institution of Washing- 
ton. The apparatus was located at the 
Research Laboratory of the U. S. Steel 
Corp., Kearny, N. J., where, through 
the courtesy of John Johnston, R. B. 
Sosman, and J. B. Austin, permission 
was kindly given for its use. The prin- 
ciple employed is measurement of the 
vertical pull exerted on the specimen 
when suspended in a field of known 
strength. The specimen is attached to 
one arm of a sensitive balance and is 
suspended near the top of a solenoid. 
The weight is obtained with and without 
a current of fixed strength flowing in the 
solenoid, the two weighings being made 
consecutively without touching the speci- 
men. A description of the apparatus, 
with discussion of the calibration and 
sensitivity, has been given by R. B. 
Sosman and J. B. Austin (10). 


Previous WorK IN THE FIELD 


There has been but little published 
work bearing on the effect of iron on the 
magnetic properties of non-ferrous alloys. 
None of it has been concerned with the 
suitability of specifications of iron con- 
tent, and no data have been available 
that would aid i in setting maximum limits 
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for iron as impurity in alloys used fy 
magnetic instruments. Almost no wor 
has been done on the effect of iron jz 
alloys other than binary brass and ny 
comparison of magnetism in different 
types of copper alloys has been possible 

Two papers may be mentioned as giv. 
ing some data concerning magnetism due 
to iron as impurity in brass. Both dea 
only with binary brass. Kuzenov (7, 
in Russia, prepared four groups of pur 
brasses containing about 10, 20, 30, and 
40 per cent zinc, respectively. To thes 
he added iron in various amounts ranging 
from 0.1 to 1.2 per cent. He reported 
magnetic measurements on these in the 
cast, rolled, and heat-treated conditions 
C. S. Smith (9) employed measurements 
of remanent magnetic moment to stud) 
the precipitation of iron from solid solu- 
tion in alpha and in beta brass. He in- 
vestigated the effects of different quench- 
ing and annealing temperatures and oi 
cold rolling. He worked only with 70-1 
and 53-47 brass. His paper contain 
numerous graphs, but in only three i 


magnetism plotted against percentage 


of iron. Many of the tests were madeat 
a single iron content. The paper con- 
tains much information that was useful 
in planning the present investigation 
and includes a brief historical account 
of the development of knowledge of mag: 
netism in brass. 


GENERAL CONSIDERATIONS REGARDING 
Errect OF IRON ON MAGNETIC 
PROPERTIES OF NON-FERROUS 

ALLOYS 


The magnetic properties of coppét 


alloys are affected by a considerable nut 
ber of factors, some of major importance 
and some having only minor effec 
These include the following: (1 
amount of iron contained as impurit} 
and the form in which it exists, (2) hea! 
treatment, (3) mechanical treatmen! 
(4) segregation, ( 8) casting conditions 
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with particular reference to cooling rate, 
(6) size and shape of the metal object, 
1) aging (for the higher iron contents, if 
‘hove ordinary atmospheric tempera- 
ture), (8) particle size of precipitated 


TABLE I.—LIST OF ALLOYS TESTED—NAMES AND SPECIFICATION NUMBERS. 


A.S.T.M. Nominal Composition, 
Specification per cent | Test 
Test Number est Specification l (See 
ey Alloy x | Tron, |" Number | Tables 
esig- 

: > | imum Cu Sn Pb Zn 

nation | 3 per XI!) 
< cent 


would be interrelated, it was desired to 
study first those which would be of most 
importance from the standpoint of in- 
strument construction and service. Be- 
cause iron is strongly magnetic, and since 


to. XIII...... High-tin Bronze B 22 A 0.25 


80.5 | 19 |... | (P05) | Poor 
Composition G | B 143 1B 0.15 | 46M6(INT) 88 8 | 4 | Poort 
No, XV..... Commercial G | B143 2B 0.25 87 8 1 4 Fair 
‘o. IX..... Composition M B 143. 2A 0.25 | 46B8h 88 6 1.5 4.5 | Fair 
i Ounce Metal B 145 4A 0.30 | QQ-B-691a (2) 85 5 i) 5 Good 
Valve Composi- | B145_ SA 0.40 | QQ-B-691a (11) 81 3 9 Good 
tion | 
No. VIII..... High-copper Yel- | B 146, 6A 0.60 | 46B1lg (II) 72 1 3 24 Poor 
low Brass | 
| 
No. Ill..... Commercial Yel. B 146 6B) 0.75 QQ-B-621 (B) 67 1 |3 | 29 | Good 
ow Brass | 
No, XIP..... Yellow B 146; 6C} 0.75 | 47B2(INT)(I) 61 1 1 37. Poor 
rass | 
No. IV.....| High-strength B 147} 8B| © | QQ-B-726b (B) Very 
Manganese | poor 


Bronze | 


Cast ALLoys 


Wroucat ALLoys 


No. XVIII... Copper (electro- | B 152] A | ¢ 99.9 
ytic) 
No. XVI....| Beryllium Cop- | B194|...| ‘4 | FXS 408 98 
per 
No. VII....! 5 per cent Phos- | B 139} A | 0.104 | QQ-B-746 (A) 95 5 
phor Bronze 
No. XIL....| Aluminum B 169} C | 0.50 QQ-B-666 (A) 92 
Bronze 


No. _V....| Yellow Brass B 36| 8 | 0.05 | QQ-B-611a (C) 67 


No. VI...) Free-cutting |B 16|... | 0.15 | QQ-B-611a (B) 60 es 3 37 Poor 
Brass Rod 
No. _XI....| Naval Brass |B 21) A | 0.10 | 47B2 62 0.5 36.5 | Poor 
No, XVI..... Nickel Silver B 151) C | 0.25 | QQ-N-321 (B) 62 (Ni 18)) 1 19 Best 
No. XVIL....| B 127| ... | 2.50 | QQ-N-281 Rem. (Ni Very 
. oy poor 
No. XIX....| Monel Sheet B 127| ... | 2.50 Rem (Ni 66)) Very 

| 


* Based on limited amount of data. 


Material was for normally wrought alloy, but tested also as casting. 


“Range 2.0 to 4.0 iron. Not tested with lower iron. 


“Analysis of specimen: 64.0 Cu, 23.2 Zn, 0.2 Pb, 2.2 Fe, 3.5 Mn, 7.5 Al. 
No specification requirement, but no commercial copper contains as much as 0.004 Fe. 

a + Co + Fe = 0.60 per cent max. (Fe alone is usually 0.15 to 0.40 per cent). ee: ey ee re 
Tested only at0.09Fe. Rated poor because of relatively high magnetism at this iron content and difficulty of secur- 


ing lower iron. 
For rods over 1.25 in., 1.25 per cent Fe max. 


ron and grain size of the alloy and (9) 
‘emperature of the alloy in service. 

It was the initial purpose of the in- 
vestigation to study as many of the 
mportant factors as possible. While it 
Was obvious that many of the factors 


the presence of some iron as impurity is 
difficult to avoid in commercial alloys, | 
it was to be expected that presence of iron - 
would be the principal cause of the mag- 
netism encountered. Eventually the 


vestigation included several other fac- 
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tors, but at the outset the work was 
centered on the principal one of the effect 
of iron. 

It has been shown by a number of 
other investigators that the effect of iron 
is greatly dependent on the form in which 
the iron exists in the alloy. If iron is 
dissolved and exists in solid solution in 
face-centered cubic copper or copper 
alloy, virtually all of its magnetism is 
lost and the resulting solid-solution alloy 
is at most only slightly magnetic. If the 


A.S.T.M. 
Specification 
Test Number of Alloy 
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form (2, 3, 4, 9). It may then becom 
relatively strongly magnetic throug 
subsequent plastic deformation, whic 
probably changes its crystalline for 
Only a little cold work may be needed 
cause a large increase in magnetism 
The same result may be brought about in 
some cases by prolonged heating. 

If iron forms a chemical compound 
with another element in an alloy, the 
properties of the compound may 
wholly different from those of iron an 


TABLE II.—CHEMICAL ANALYSES OF ALLOYS TESTED. 


Chemical Analysis, per cent 


a Alloy Cu Sn Pb Zn Other Alloying Elements 
Cast ALLoys 
| B 22 A | | o3 | ... | 
No B 143 1B | 87 9 0.1 4 
RES B 143 2B 87.2 7.4 0.9 4.4 
No B 143 2A | 87.7 5.6 5.0 : 
No eae B 145 4A 85.2 4.9 5.0 4.9 
i SERS B 145 SA 80.7 | 2.8 7.3 9.2 | 
B 146 6A 1 3.6 23.4 
No B 146 6B 68.4 0.7 $2 | 2:7 
No B 146 | 62.7 | 0.6 0.1 36.6 
No Bi47 8B 64.0 0.2 | 23.2 | Fe 2.2, Mn3.5, Al 7.5 
Wroucat ALLoys 

No B 139 A 94.6 | P0.36 
No. B36 | 8 66.5 0.1 33.4 
No. B 16 60.3 3.4 36.3 
No. Sees B 21 A | 62.7 0.6 0.1 36.6 ih 
das Bisi | C 65.6 | | (es 
B 127 Ni 661, C 0.9. Also Mn 08 

| some ‘samples 
| Bia | ... 28 | | Fe + Mn, 5; 


@ Nominal composition; not analyzed. 


iron separates from solution and exists 
in the body-centered cubic form, ferro- 
magnetism normally results. Although 
magnetism is not generally dependent 
on crystal form, since it occurs in metals 
and alloys having different types of 
lattice, magnetism in iron is commonly 
related to its lattice structure. It is 
generally believed that iron may separate 
from a face-centered cubic solution, as in 
copper alloys, without transforming to 
the body-centered lattice, remaining 


therefore at least partly in paramagnetic 


magnetism may be nearly absent. This 
occurs in aluminum alloys, where iro! 
forms a compound that is almost not 
magnetic; these alloys have been shows 
by Mason (8) to exhibit only slight pata- 
magnetism even when containing ® 
much as 8 per cent iron. 


EXPERIMENTAL PLAN AND COPPER 


ALLOYS INCLUDED IN THE 
INVESTIGATION 


Measurements of magnetic susceptibil 
ity and magnetic moment were made 02 
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specimens of 19 copper alloys. These 
comprised 10 cast and 10 wrought alloys, 
one composition appearing in both 
groups. The alloys tested are listed in 
Table I, which gives for each its in- 
vestigation number, name classification, 
AS.T.M. specification number, the max- 
imum tolerance of iron content permitted 
in the listed specification, the specifica- 
tion number under which the material 
tested was made or supplied (Federal, 
Navy Department, or Bureau of Ships), 
and the nominal composition. ‘The test 
rating as discussed later is also listed in 
this table for easy reference. In Table 
IL are given the actual chemical analyses 
of the samples of each alloy tested. 

The effect of iron content was studied 
in sixteen of the alloys by adding to the 
alloy various small percentages of iron 
ranging from nearly zero to a little above 
the maximum tolerance of iron given in 
the specification, so that data could be 
obtained for plotting graphs of variation 
of susceptibility and magnetic moment 
with iron content. Data for cast alloys 
were obtained on specimens as cast, and 
data for wrought alloys were obtained 
both on specimens as cast and as rolled. 
After making the magnetic measure- 
ments.on these specimens, they were 
then heat-treated and the measurements 
repeated in the heat-treated condition. 
One heat-treatment was designed to show 
the possibility of lowering the magnetism 
by putting the iron largely in solid 
solution. This was accomplished by 
heating the specimens 24 hr. at a tem- 
perature above that required for com- 
plete solid solubility and then quenching 
‘rom that temperature in cold water. 
For most of the alloys the temperature 
used for this solution-quenching treat- 
ment was 800 C.; in some cases it was 
higher, 

Some of the cast alloys and all of the 
Wrought alloys were also subjected to 
annealing treatments. In the case of 
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cast alloys, some of the specimens that 
had been given the above solution- 
quenching treatment were then re- 
heated to 500 C. for 24 hr. and slowly 
cooled. Other specimens were annealed 
in the same way at 650 C. In the case 
of wrought alloys, rolled specimens were 
annealed at 300 C. and at 500 C. For 
heat treatment the specimens were 
packed in powdered charcoal in a cov- 
ered nichrome box and heated in a 
small muffle furnace provided with auto- 
matic temperature control. 

In order to have adequate knowledge 
of the variation or “spread” in the meas- 
urements between individual specimens, 
from two to nine specimens were pre- 
pared for testing of each iron content in 
each condition. The usual number for 
the as-cast or as-rolled conditions was 
four to seven; for annealed specimens 
usually only two were used. 

Of the above alloys, samples for test- 
ing were received from Government or 
commercial sources for alloys desig- 
nated as Nos. VII to XI, XIII, XV, 
XVI, XVIII, and XIX. Samples of 
the remaining nine alloys and of No. 
VIII were made in the Lehigh Univer- 
sity laboratory from high-grade metals. 
No. VIII is included in both categories; 
two lots of this alloy were prepared and 
tested. Melting was done either in 
clay-graphite crucibles in a gas-fired 
crucible furnace or in pure graphite 
crucibles in a 35-kva. Ajax-Northrup 
induction furnace, depending on the 
components of the alloy. Melts were 
made under charcoal in a covered cruci- 
ble. 

From the samples of beryllium copper 
and monel metal, test specimens were 
cut directly without remelting, these 
two alloys being tested without varia- 
tion of iron content. All of the other 
alloys were melted, the quantity of 
each varying from about 13 to 25 lb. 
This quantity was then divided into 
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several portions, usually six, by pour- 
ing into smaller clay-graphite crucibles. 
From one of these, test specimens were 
prepared without addition of iron. The 
others were remelted and iron dissolved 
2 the melt in the required amounts. 
The iron was introduced in the form of 
‘fine iron wire (No. 36 wire, used for 
analytical standardization, 99.8 per cent 
Fe), which dissolved almost instantly 
when thrust down into the melt with 
the graphite rod used for stirring. In 
the whole melting and casting operation 
there was a loss of several per cent of 
the iron added, this loss increasing with 
the amount of iron, and although the 
_ loss was regular and predictable within 
limits, it was not possible to fix the iron 
content of the ingots exactly, and this 
was accordingly determined by chemical 
analysis. 
- From these melts cylindrical ingots 
were cast in pure graphite molds which 
had been heated just to redness. The 
casting conditions were not closely con- 
trolled, but did not vary greatly be- 
tween one sample and another or one 
alloy and another. The effect of varia- 
tions in casting conditions over a wide 
range was studied in another portion 
of the investigation. The results of 
this study indicated that the effect of 
variations of ordinary magnitude, such 
as those resulting from the regular pro- 
cedure, was too small to affect the 
significance of the results, and yet might 
in some cases be large enough to account 
for some irregularities appearing in the 
graphs. 

For specimens to be tested in the as- 
cast condition, the size of the ingots was 
3.5 in. long by 0.5 in. in diameter. For 
specimens to be tested after cold roll- 
ing, the size of the ingots was 5 in. 
long by 1 in. in diameter. From the 
smaller ingots, disk specimens 0.4 in. 
high and 0.5 in. in diameter were 
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machined, usually only three from eac} 
ingot being taken so as to avoid the 
tops and bottoms. It was rarely neces. 
sary to machine any metal from the 
sides of the cylindrical ingot that were 
in contact with the graphite mold, 
The sides were clean and bright and 
the slight tarnish that formed while 
cooling in the mold was readily removed 
by pickling. The larger ingots wer 
cold rolled in power laboratory rolls tp 
a total reduction of 80 per cent; two in- 
termediate anneals were used and the 
reduction after the last anneal was 5) 
per cent. The rolled metal was in the 
form of a strip 0.20 in. thick. Disks of 
this thickness and 0.5 in. in diameter 
were cut from these so that two of the 
disks placed together in the testing 
apparatus gave a specimen of the same 
size as used for the cast specimens. 
All specimens were pickled in nitric 
acid and washed before making the mag. 
netic measurements. 

Chemical analyses were made in the 
laboratory of the Frankford Arsenal. 
It was not feasible to analyze each speci- 
men. The usual procedure was to 
analyze one specimen of each nominal 
iron content, using a specimen that had 
already been measured magnetically 
and thus was known to be representative 
of the group. Besides the determina 
tion of iron, specimens of each alloy 
were also analyzed for all of the othe: 
principal components, and _ spectro 
graphic analyses of these specimens wer 
made to insure virtual absence of im- 
purities other than iron. 

At the outset, the question of not- 
uniformity or segregation of iron 
the ingots was considered. Samples 
were obtained by drilling ingots @ 
several points across a section both hor: 
zontally and vertically. No appreciabl 
non-uniformity was found by chemica 
analysis of these samples. Nevertheless 
it cannot be certain that some nol 
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uniformity did not exist in some of the 
alloys, and in some cases the iron con- 
tent of specimens not analyzed may have 
differed appreciably from the analysis 
obtained. It is believed that this fac- 
tor and that of variation in casting 
conditions would account for such ir- 
regularities as appear in the data, and 
that the precision of the magnetic meas- 
urements was well within the limitations 
imposed by the other factors. The fac- 
tor of non-uniformity in composition 
and structure can be largely eliminated 
by giving each specimen a long homog- 
enizing treatment, but it was undesirable 
to limit the scope of this investigation 
by procedure that would require too 
great an expenditure of time, particularly 
in view of the objectives directed toward 
practical usage and war material. The 
results obtained, the degree of agree- 
ment between individual or check deter- 
minations of specimens in the same 
groups, and the agreement of repeated 
measurements on the same specimens 
made in aging tests appear to justify 
ci- the selection of the plan and methods 
to used. 


EXPERIMENTAL RESULTS 


Because of space limitations, a com- 
plete set of measurements is here tab- 
uated for only two alloys. These will 
serve to illustrate the general plan of 
the measurements and the “spread” 
r0- between individual values for that alloy. 
ere For the other alloys only averages are 
im given, and the graphs are based on aver- 
age values. The graphs are drawn as 
straight lines connecting the average 
points, because of uncertainty as to 


ples whether departure of such points from 
al asmooth curve may be a true departure 


ot may be an apparent one due to the 
factors mentioned above, and also in 
some cases because of an insufficient 
less tumber of points to determine the pre- 
100 cise trend of the curve. 
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TABLE III.—MAGNETIC SUSCEPTIBILITY, x (X 10*) 
OF ALLOY NO. XIL 


(Aluminum Bronze, Spec. B 169, Alloy C) 


ae | 2g Rolled 
| | ° eo 0! le 
} BS Specimens 
ron,/ As | ‘ve As | - 
Cast | rolled | An- | An- 
bet §Y | nealed nealed 
| | 
| 5 2 | 300 C.| 500C 
—0.15 | —0.15 | —0.23 | 
—0.15 —0.19 —0.08 | 
0.01 | +0.04 | —0.12 | —0.19 |—0.04 
0,05 —0,19 —0,04 
—0.15 | —0,12 | 
—0.15 | —0.08 
—0.15 —0.12 
—0.15 —0.11 0.00 
—0.15 0.00 | —0.11 22 
0.12 | —0.15 —0.07 
—0.11 | —0.C4 | —0.07 
—0.04 | —0.08 
—0.04 4.3 
—0.04 
| 
0.12 | +1.5 | 13 
2.1 1.6 12 
0.19 3.6 0.08 1.7 
3.7 
1.7 +0.08 
2.0 0.08 
2.1 
8.8 44 0.26 
9.5 0.15 45 0.26 
0.38 10.5 0.19 45 
11,1 46 65 
47 66 
48 174 
49 168 
19 252 593 
21 1.0 253 549 
0.61 22 0.9 256 324 | 
23 | 261 330 
266 1.4 
269 1.4 
269 
99 969 52 
100 17 985 
1.64 | 107 15 
ill 


Alloy No. XII (Aluminum Bronze): _ 


The complete set of magnetic measure- 
ments obtained for aluminum bronze 
containing copper and aluminum in the 
ratio of 91.6 to 8.4 is given in Tables 
III and IV. In these tables the data 
for a specimen tested under more than 
one condition are placed on the same 
line, so that the change resulting from 
the change of conditions is clearly shown. 
This applies separately, however, to the 
cast specimens and to the rolled speci- 
mens, since it was not possible to roll 
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the same specimen that had been meas- 
ured as cast. A minus sign indicates 

that the specimen was diamagnetic. 
The wide range covered in the meas- 
urements is notable, with susceptibili- 
ties varying from —0.23 to 985 (X 
10-*) and magnetic moments from less 
_ than 0.01 to 610 (X 10~*). No attempt 
has been made to include the higher 
values in the range of the graphs, since 
these values are far outside tolerable 

limits. 

The “spread” of the individual meas- 
urements was less in the case of this 
alloy than for most of the others. In 
this case and in most of the others the 
satisfactory magnetic behavior 
was apparently accompanied by greater 
_ homogeneity in the specimens, which 
_ would be expected from a greater solid 
- solubility for the iron content. 

In the case of this alloy the effect of 

ling was small up to 0.19 per cent 
iron. Above 0.19 per cent, rolling 
“greatly increased both magnetic proper- 
ties, the increase becoming extremely 
_ jarge at the high iron contents. 

The effect of the solution-quenching 
_ treatment was pronounced on both cast 
and rolled specimens, and especially so 

on the latter. This treatment would be 
“more than usually beneficial on this 
alloy. The suceptibilities of the rolled 
_ specimens containing 0.61 per cent iron 
were in the highest range before this 
treatment, but became low after it. 
_ The magnetic moments were reduced al- 
most as much. 

Except at the lowest iron content, the 
_ effect of annealing rolled specimens was 
to bring about a large increase in the 
magnetic properties, the increase be- 
coming rapidly greater as the iron con- 
tent increased. Annealing at 500 C. in 
all cases caused greater rises, usually 

much greater, than annealing at 300 C. 


TABLE IV.—MAGNETIC MOMENT, M (x 10°) OF 
ALLOY NO. XII. j 


(Aluminum Bronze, Spec. B 169, Alloy C) 


| “6 | $5 | Rolled 
I | | Es Specimens 
As | As | 
Cast) 2-5; | Rolled | | An- | An 
nae~ | 3S | nealed | nealed 
335 S32 at | at 
Os 
| 0c. | 500 
| 0.01 | 0.01 0.01 | 0.01 | 
| 0.01 0.01 0.01 | 0.01 
0.01 | 0.01 0.01 0.01 
| 0.00 0.01 0.01 
0.01 0.01 
0.01 0.01 
0 01 
0.01 | 0.01 0.01 | 0.01 
0.01 | 0.01 0.01} 0.01 
0.12 | 0.01 0.01 1.04 
0.01 0.01 0.27 
0.01 3.5 
0.01 4.0 
0.01 
0.03 | 0.01 0.83 4.1 
0.03 | 0.01 0.81 3.4 
0.19 | 0.03 0.79 ~ | 3 
0.03 0.79 St 
0.90} 0.01 
0.97 | 0.01 
0.95 
0.39 34 0.02 
0.32] 0.01 | 36 0.01 
0.38 | 0.34} 0.01 | 36 
0.27 36 54 
37 55 
38 153 
39 133 
2.3 | 0.04 | 179 
2.8 179 | 610 
0.61 | 2.8 | 0.18 | 187 531 
2.9 189 258 
189 264 
184 1.5 
187 1.2 
24 410 12 
20 1.0 | 456 
1.64 | 20 1.3 
25 


Alloy No. XIV (18 per cent Nickd 
Silver): 


The magnetic properties of this alloy 
are not as low at low iron contents 4 
those of No. XII, but they increase very 
slowly with iron content, and are re 
markably low at fairly high percentages 
of iron. Furthermore, the alloy is mag- 
netically very stable, its magnetism 
being only slightly affected by rolling, by 
annealing, or by the solution-quenching 
treatment. The magnetic moments at 
exceptionally low, their behavior being 
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TABLE V.—MAGNETIC SUSCEPTIBILITY, x (X 10°) 
OF ALLOY NO. XIV. 
(Nickel Silver, Spec. B 151, Alloy C.) 
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| Rolled 
Specimens 
Iron, | 4, As oo 
per Cast a's, An- An- 
cent © | nealed nealed 
263 | | at, 
& 300 C. 500 C. 
0.44 0.51 | 0.37 | 0.47 
0.01 | 0.41 0.41 0.40) 0.50 | 
(0.00) | 0.34 0.33 0.13 | 0.44 
0.31 0.40 0.13 | 0.47 
0.61 0.57 | 0.53) 0.67 
0.05 | 0.45 0.60 0.60, 0.54 
(0.10) | 0.53 0.50 0.47 | 0.61 
0.51 0.54 | 0.54 | 0.60 
0.59 0.52 0.66} 0.80 
0.11 }070 06.49 | 0.59) 0.67 
(0.10) | 0.63 0.63 0.63 | 0.81 
0.62 0.64 0.60 | 1.15 
0.66 | 0.59 | 0.87) 0.54 
0.2 | 0.66) 0.63 | 0.84) 0.61 
(0.16) 0.59 | 0.87 1.01 0.64 
0.62 | 0.77 | 1.01 | 0.96 
0.72) 0.69 | 0.84 | 0.75 
0.33 | 0.76! 0.73 | 0.84) 0.81 
(0.22) | 0.69 | | 0.77 | | 0.47 | 1.09 
0.73 | 0.87 0.81 | 1.01 
2.1 1.8 | 1.6 1.4 
| 18 | 1.7 1.6 
(0.60) | 2.1 1.7 1.8 2.3 
2.0 1.7 1.2 2.2 


® Tron analysis of rolled specimens given by first figure, 
of cast specimens by figure in parentheses. 


even more favorable than that of the 
susceptibilities. The magnetic proper- 
ties of aluminum bronze are adversely 
affected by rolling and also by anneal- 
ing. On the other hand, rolled specimens 
of nickel silver annealed at 500 C. 
showed only slight increases in magnetic 
properties. In all other alloys for which 
this test was made, marked increases re- 
sulted when their iron contents exceeded 
0.05 per cent. (See Tables V and VI.) 


COMPARATIVE MAGNETIC PROPERTIES OF 
THE VARIOUS ALLOYS 


The average values obtained in the 
measurements of susceptibilities and 
magnetic moments for ten cast alloys, 
both as cast and after the solution- 
quenching treatment, are given in Tables 
Vil and VIII. In these tables the 
alloys are arranged approximately in 


order of the magnitude of the magnetic 
properties, the order at 0.10 per cent 
iron as cast being used in most cases. 
Because of different rates of increase 
with iron content, and in a few instances 
because of irregularities in the data, the 
order is not the same for other iron con- 
tents, but in general there is a decided 
upward trend in the table from top to 
bottom as well as from left to right, ex- 
cept at the lowest iron content. 

Similarly, Tables [IX and X give the 
results for the measurements of suscep- 
tibility and magnetic moment for ten 
wrought alloys, listed in order of mag- 
nitude as rolled. In addition to the 
data for the rolled condition and as 
heat-treated after rolling, data are given 
for the cast condition for comparison, 
even though these alloys would not 
be used as castings. 


TABLE VI.—MAGNETIC MOMENT, M (X 10%) OF 
ALLOY NO. XIV. 
(Nickel Silver, Spec. B 151, Alloy C.) 


§ Rolled 
ES Specimens 
Iron A As os 
22 
per, | Cast; | Roll-| An- An- 
cent® Fes | ed | = 80 | nealed | nealed 
338 =63 at at 
| 300C. | 500 C 
0.01 | 0.01 | 0.02} 0.01 
0.01 0.01 0.03 0.01 | 0.01 
(0.00) | 0.01 0.01 | 0.01 
0.01 0.01 0.01 
0.01 0.05 | 0.01 0.02 
0.05 | 0.01 | 0.02 | 0.03} 0.02 
(0.10) | 0.01 | 0.03 | 0.02 
0.01 0.03 0.02 
0.01 | 0.02 | 0.03| 0.02 
0. 0.01 0.02 0.03 0.01 
(0.10) | 0.01 0.02 0.02 
0.02 0.07 3 
0.02 0.01 0.01 0.01 
0.21 0.03 -02 0.01 0.02 
(0.16) | 0.01 0.02 0.02 
0.01 | 0.01 0.02 
0,01 0.02 0.01 0.01 
0.33 | 0.01 0.03 0.02 0,02 
(0.22) | 0.01 0.01 0.02 
0.01 0.02 0.02 
0.05 0.02 0.07 0.02 
0.63 0.05 0.02 0.01 0.02 @ 
(0.60) | 0.07 0.01 0.03 | 0.02 — 
| 0.07 0.02 0.04 0.05 


a Iron analysis of rolled specimens given by first figure, 


analysis of cast specimens given by figure in — 
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TABLE VII.—MAGNETIC SUSCEPTIBILITIES, x (X 10*) OF CAST COPPER ALLOYS. 


0.01% 0.05% 010% 015% 0.20% 0.25% 0.30% 040% 0.50% 
Test Number of Alloy Fe Fe Fe Fe Fe Fe Fe Fe 


As Cast 


OOS 


0.1 | 
0.1 


AFTER SOLUTION—QUENCHING TREATMENT 


| 


0.1 0 
0.1 0 
0 


—0.2 


9 


1 
2 
7 
5 


aroo coco 
NOM 


0.1 
No. XIII —0.1 


| 


@ Increase in magnetism caused by heat treatment due to incomplete solution of iron during solution treatment. 


TABLE VIII—MAGNETIC MOMENTS, M (X 108) OF CAST COPPER ALLOY. 


Test Number of Alloy 005% O1S% 0.20% 0.25% 0.30% 040% 050% 085% 


As Cast 


-0 


1 
6 
8 
2 
1 
7 


0.02 
0.01 
0.00 
0.01 
2.6 
0.4 


oo 


0.2 


No. XIlI..... 


@ Increase in magnetism caused by heat treatment due to incomplete solution of iron during solution treatment. 


The data show that all the alloys netism that can regularly be obtained in 
listed in these tables have very low mag- instrument alloys of high purity, it may 
netic properties as cast or as rolled if be concluded that all of these alloys 

the iron content is as low as 0.01 per would be satisfactory for instrument 
cent. In a few cases a determination construction from the magnetic stané- 
was not made at this low iron content, point as cast if they could be kept free 
but even in these instances there is no from iron as impurity within the limt 
reason to doubt that very low values of 0.01 per cent. 

would be found. Since the measured The solution-quenching treatment has 
values represent the lowest range of mag- a notably beneficial effect, and if this 


No. Ot 0.2 | 1.3 | 1.7 | 25 | 8.4 | 
4 1.9 2.4 1.4 | 69 11 
No. 24 3.9 6.3 | 17 67 
et (“Jee | 0.2 6.2 10 15 17 17 
cas acs 0.1 | 7.2 12 17 38 
No. X..... 17 28 42 
19 67 93 139 
: 
& 0.6 | | 
0.6 0.8 2.1 | 118¢ 
0.6 7.3 4.6 43 | 183 
N 
N 
N 
N 
| 0.02 | | 0.3 0.6 1.4 | 10.5 
0.02 0.7 0.9 0.5 8.5 16 
0.01 | 3.4 9.4 17 16 x 
x 5.0 5.8 | 6.5 | 20 49 x 
No. | 1.2 9 9. 
AFTER SOLUTION-QUENCHING TREATMENT 
“i 0.02; 0.03 | | | 
0.01, 0.02 0.03, 06 6.0 
No. XI 4.6 6.7 15 
No. IX 0.00 | 0.6 0.8 
0.9 1.0 1.2 | 19 | 2 
N 
{ 
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TABLE IX.—MAGNETIC SUSCEPTIBILITIES, x (X 10°) OF WROUGHT COPPER ALLOYS. 


of. ‘9.01 % Fe 0.05 % Fe0.10 % Fe 0.15 % Fe 0.20 % Fe 0.25 % Fe % Fe % Fe 
| 


As Cast 


TREATED BY SOLUTION-QUENCHING AFTER ROLLING 


TABLE X.—MAGNETIC MOMENTS, M (X 108) OF WROUGHT COPPER ALLOYS. 


vest Mtmber of 0.01 % Fe 0.05 % Fe 0.10 % Fe 0.15 % Fe 0.20% Fe 0.25 % Fe 0-30 % Fe 0.50 % Fe 0.85 % Fe 


As ROLLED 


0.03 


10 
30 
81 


TREATED BY SOLUTION-QUENCHING AFTER ROLLING 


0.7 4.0 
0.02 


2 | 0. y 0.02 | 0.03 
| 7.2 
| 


‘eatment were given, most of the cast are also greatly benefited. Some com- 
alloys would have nearly as low magnetic __ positions respond to this treatment much 
Properties at 0.10 per cent iron as they more than others. 

ve at 0.01 per cent iron without heat Of the various major alloying ele- 
treatment. Some of the rolled alloys ments—zinc, tin, lead, aluminum, and 


- 
| 
A 
Me. | | 2.3 4.8 74! 16 | 40 
No. XIV.......--| +0.4 | 40.5 | 40.6 | +0.6 0.6 0.7 0.8 | 1.6 | 
0.0 | 0.7 11 15 24 35 46 
3.2 5.0 5.0 5.4 
No. VIE........./ 00 | 3.2 6.8 | 62 | 115 | 126 
0.1 | 3.2 | 17 | 7.2 12 17 38 
0.1 | 7.0 | 23 27 
Me. XU........| | | @2 13 | 73 | 16 26 158 430 
No. XIV.........| +0.4 40.5 | 0.7 0.8 | 0.8 0.8 0.9 1.4 
ie 04 1.5 2.6 | 21 51 81 
No.XVIII.........| —O.4 3.0 | 62 | 61 | (6.0 17 520 
Ne. Vil......... 00) 19 | 88 | 17 25 31 36 ; 
0 9.9 4 122 220 i 
No. 0 34 
Ne XIL........| -0.1 | 0.0 0 0.1 | 0.2 0.9 12 
No. XIV.........| +05 40.6 0.6 0 0.7 0.8 | 0.9 1.3 
No.  VI....... 0 0.1 1.7 3.8 
No. XVIII. ...... 1 —0.1 0.2 0.3 0.9 2.1 
i eee 0 14 29 43 54 61 
1 1.2 | 3.3 1.7 0.2 5.6 11 33 
No. Vv 1 10 
No. XIL........! 0.01 | oor | o.or | oor | 0.03 | 0.11 02 | 16 | 7.5 
No. XIV.........| 0.02 0.01 | 0.01 | 0.01 | 0.01 0.02 0.02 0.04 
No. VI.........| 0.05 0.6 | 4.2 46 | 7.3 11 15 a Lite 
No. VII.........| 0.08 9.0 44 83 112 117 
0.8 1.0 7.2 13 19 44 
No 0.08 | | 4.8 | 
No. XIL.........] 0.01 0.01 | 0.14 0.7 6.1 | 23 240 
No. XIV.........} 0.01 0.02 0.02 0.02 0.0; 0.03 | 0.03 
No. VI.........| 0.03 0.9 3.7 3.0 | | | Dak 
No. 0.03 0.9 1.8 4.0 6.4 is 
No. VIL.........| 0.01 6.4 14 23 28 
1.0 7.4 40 73, 89 1233 
No. 0.02 13 23 } | 
| bos 
No OV. 
= 


nickel—only nickel shows any tendency 
to increase magnetism in the absence of 
iron, and in the case of nickel the amount 
of magnetism produced is very small, 
at least up to the percentage contained 
in 18 per cent nickel silver. 

A comparative rating of the alloys may 
be made with reference to the increase of 
magnetism produced by increasing iron 
content, and particularly with reference 
to the maximum percentage of iron 
that may be present without causing 
unduly high magnetic properties. In 
these respects the alloys differ greatly. 
The question as to how high the magnetic 
properties may be without causing the 
alloy to be unsuitable for magnetic 
instrument construction is uncertain, 
but for the purposes of discussion it is 
necessary to set some arbitrary limit 
beyond which it appears that the mag- 
netic properties might be unsatisfactory. 


The actual magnitude of the limit in| 


practice would obviously depend on the 
purpose for which an instrument was 
to be used, its design, and the mechanical 
and physical conditions under which the 
alloy would exist in the instrument. No 
data are available as to the magnitude 
of susceptibility or magnetic moment 
actually occurring in the materials of 
instruments that have given trouble in 
service. If such data were available 
they would vary with instrument design, 
particularly as regards shape and bulk of 
structural parts and their spacing with 
reference to the location of the compass 
needle or other magnetic part; they 
would depend also on the degree of pre- 
cision required in the instrument. The 
present study showed that in some alloys 
the magnetic properties rise only slowly 
with increasing iron content and others 
very rapidly. A pattern of variation 
found in certain alloys that are often 
used for instrument construction was one 
of slight increase only at very low per- 
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Fic. 1.—Variation of Susceptibility with Iron 
Content in Several Copper Alloys as Cast. 


centages of iron, followed by a faster 
rate, and finally by a very steep rise at 
higher iron percentages. It is probable 
that magnetic properties in the last 
range would cause trouble in many in- 
stances; that those in the intermediate 
range might cause trouble in some in- 
stances; and that those in the first range 
would be those found in satisfactorily 
functioning instruments. The data ob- 
tained suggest that values of 1.0 X 107 
for susceptibility and 1.0 X 10% for 
magnetic moment would be suitable 4 
a basis for comparison. ‘These limits fall 
in the lower and flatter portions of the 
curves, Figs. 1 and 2. On this basis the 
alloys may be grouped as in Tables X 
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Fic. 2—Variation of Residual Magnetic Mo- 
ment with Iron Content in Several Copper 
Alloys as Cast. 


The magnetic properties of the alloys 
listed as “good” remained very low up 
to iron contents a little above 0.10 per 
cent, and did not begin to rise rapidly 
until iron exceeded 0.30 per cent. The 
alloys listed as “fair” were in the lowest 
range at iron contents as high as 0.06 
per cent, but were above this range at 
0.10 per cent iron as regards suscepti- 
bility. Their magnetic properties began 
to rise rapidly at iron contents around 
0.15 per cent. 

The alloys listed as “poor” are so desig- 
nated because their magnetic properties 
sé rapidly at iron contents only a little 
above 0.02 per cent, becoming unsuitably 
high at 0.1 per cent iron or less. These 
alloys would be satisfactory if carefully 
made from high-grade virgin metals, 


TABLE XI.—RELATIVE SUITABILITY OF CAST | 
COPPER-BASE ALLOYS FOR MAGNETIC : 


INSTRUMENTS. 
Rating Alloy Name and Specification 
As Cast 
Good | No. I Ounce metal, 85:5:5:5 (B 145, 4A) 4 
II Valve composition (B 145, 5A) ¥ 
Commercial yellow brass (B 146, 
| 6B) 
Fair | IX Composition M (B 143, 2A) 
1 Commercial G (B 143, 2B) 
Poor VIIL. yellow brass (B 146, 
j 6A) 
X.... Composition G (B 143, 1B) 
XI1...., 60:40 yellow brass (B 146, 6C) 
XIIL....| High-tin bronze (B 22, A) 
Very IV.... High-strength manganese bronze 
poor (B 147, 8B) 


Ir HEAT-TREATED BY SOLUTION-QUENCHING TREATMENT 


Best No. k. Ounce metal, 85:5:5:5 (B 145, 4A) 
Il Valve composition (B 145, 5A) = 
III. Commercial yellow brass (B 
6B) 
XV. Commercial G (B 143, 2B) 
Good IX. Composition M (B 143, 2A) 
xX. Composition G (B 143, 1B) 
Poor Vit... yellow brass (B 146, 
6 
XI....| 60:40 yellow brass (B 146, 6C) 
XIIL....| High-tin bronze (B 22, A) 
Very IV....| High-strength manganese bronze 
poor (B 147, 8B) 


but are poor in the sense that they would 
be definitely unreliable if one could not 
be sure that their iron contents were as 
low as 0.01 or 0.02 per cent. 

Alloys designated Nos. IV, XVII, and 
XIX are omitted from Tables VII to 
X because these alloys were found to 
have such high magnetic properties as 
to be unsuitable for instrument construc- 
tion under any conditions. Alloy No. 
IV contains iron as a specified component 
in the amount of 2.0 to 4.0 per cent, and 
No. XIX is also necessarily high in iron 
(up to 3.0 per cent). Alloys Nos. XVII 
and XIX contain about 66 per cent 
nickel. The susceptibilities of alloys 
Nos. IV and XVII with different con- 
tents of iron and manganese ranged 
from 280 X 10° to 2160 X 10°. 
The susceptibility of No. XIX (monel 
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TABLE XII.—RELATIVE SUITABILITY OF 
WROUGHT COPPER. BASE ALLOYS FOR 
MAGNETIC INSTRUMENTS. 


Rating Alloy Name and Specification 
As ROLLED 
Best | No. XIL..... Aluminum bronze (B 169, C) 
| cent nickel silver (B 151, 
V.....| Yellow brass (B 36,8) 
 : Free-cutting brass rod (B 16) 
,. ae 5 per cent phosphor bronze (B 
139, A) 
> ee Naval brass (B 21, A) 
‘: Beryllium copper (B 194) 
XVILIL..... | Copper, electrolytic (B 152, A) 
Very | Nickel-copper alloy (B 127) 
poor , Monel! sheet (B 127) 


Ir HEAT-TREATED BY SOLUTION-QUENCHING TREATMENT 


Best No. Aluminum bronze (B 169, C) 


XIV.....| 18 4 cent nickel silver (B 151, 
XVIII..... Copper, electrolytic (B 152, A) 
| V... Yellow brass (B 36, 8) 
VI... Free-cutting brass rod (B 16) 
Vil. 5 per cent phosphor bronze (B 
139, A) 
| Naval brass (B 21,A) 
XVI...._.| Beryllium copper (B 194) 
XVII.....| Nickel-copper alloy (B 127) 
xXIx Monel sheet (B 127) 


sheet) was too high to be determined 
accurately with the apparatus used, but 
a value in the neighborhood of 46,000 
10-* was recorded. 

Figures 1 and 2 are graphs of the sus- 
ceptibilities and magnetic moments plot- 
ted against iron content from some of the 
data in Tables VIL to X. Separate 
lines are plotted for Alloys XII and XIV, 
while the other lines represent group 
averages typical of the ratings “good,” 
‘fair,’ and “poor,” respectively, from 
right to left. These graphs show clearly 
the pattern followed. ‘There is first a 
slow increase in the magnetic property 
with increasing iron content, and finally 
a steep rise. The point at which the 
rapid increase begins moves further and 
further to the left as the alloy becomes 
less and less satisfactory from the mag- 
netic standpoint. The region of slow 


increase disappears entirely for the group 
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1G. 3.—Comparative Variation of Susceptibility 
and Residual Magnetic Moment with Iron 


Content, Average of Three Common 
Casting Alloys, Nos. I, II, and ITI. 


listed as “poor,” where the rapid increase 
begins virtually at the lowest iron con- 
tents. In between the regions of slow 
and rapid rise there is a transition which 
may or may not be regarded as a separate 
region. Actually the regions merge into 
one another without necessarily any 
definite limits or sharp breaks, so that 
in some cases at least the lines may be 
plotted as smooth curves. In Fig. 3, 
for the average of alloys Nos. I, IL, and 
III as cast, susceptibility and magnetic 
moment are plotted in the s2me graph 
so as to show their compar ‘ive trends 
for this group of alloys. In his group 
the magnetic moments rose more slowly 
than the susceptibilities at first and 
then more rapidly, so that the curves 
crossed. This trend is not typical, how- 
ever; in many alloys the rate of rise 10 
magnetic moment continues to be less 
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Fic. 4—Variation of Susceptibility with Iron 
Content in Several Copper Alloys after 
Cold Rolling. 


and less steep as compared with rate of 
rise in susceptibility. 

Figures 4 and 5 are similar plots for 
alloys as rolled. In most cases the rise 
in magnetic properties begins at lower 
iron contents and occurs more steeply 
in the rolled than in the cast conditions. 
The reverse is true, however, in the case 
of some alloys. Number XIV is an 
example of an alloy having lower mag- 
netic properties as rolled than as cast, 
particularly as regards magnetic mo- 
ment. Alloy No. VII is a further exam- 
ple as regards both magnetic properties. 

Figure 6 compares the trends of sus- 
ceptibility and magnetic for 
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Fic. 5.—Variation of Residual Magnetic M 4 
ment with Iron Content in Several Copper 
Alloys after Cold Rolling. 


alloy No. XII as rolled. In this case 
the curves nearly coincide. SS 
Figure 7 shows the effect of the solu- 
tion-quenching treatment on three cast 
alloys, the data for Nos. I, II, and IIL 
being plotted separately in the cast 
condition and also after solution-quench- 
ing. Similarly, Fig. 8 shows the effect 
of this heat-treatment on two wrought 
alloys and rolled electrolytic copper. 


Here it is seen that the graphs for nickel 
silver are nearly the same in both condi- 
tions, while a tremendous difference is 
caused by the treatment in the cases of 
aluminum bronze and of electrolytic 
copper. 

In summary, for copper-base alloys of 
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_ Fic. 6.—Comparative Variation of Susceptibility 
and Residual Magnetic Moment with Iron 
Content in Aluminum Bronze Alloy No. 
XII (Copper: aluminum 91.6/8.4) 
after Cold Rolling. 


certain compositions, it is believed that 
magnetic properties well within the 
lowest range can in practice be secured 
either (1) by use of highest quality metal 
with proper care to avoid contamination, 
or (2) by use of somewhat lower quality 
metal if the solution-quenching  treat- 
Specifications for 

iron contents should be such as to yield 

magnetic properties well within the lowest 
‘range. 


PRACTICAL SIGNIFICANCE OF THE 
MAGNETIC DaTA 


In order to observe qualitatively the 
possible effect of magnetism in instru- 


4. 
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ment alloys in causing errors in instry. 
ment functioning, certain disk specimens 
that had been used for the magnetic 
measurements were placed face down on 
the glass top covering the compass of g 
surveying instrument. The specimens 
were then moved over the compass needle 
and it was observed that the specimens 
of high iron contents were sufficiently 
strong in magnetism to cause the needle 
to follow the specimen through a com- 
plete circle, while specimens of low iron 
contents caused no visible deflection of 
the needle. 

Following this observation, a series of 
measurements was made to correlate 
known values of susceptibility and mag. 
netic moment with degrees of deflection 
of the needle from its normal north- 
south position that would be produced by 
moving the specimen over it. The 
disk specimen, 0.4 in. thick and 0.5 in. 
diameter and weighing about 10 g., rested 
on the glass above the tip of the needle 
and no more than one-half inch from it. 
The compass case measured 4} in. in 
diameter. The specimen was then moved 
slowly over the division scale of the 
compass and the maximum distance that 
the needle would follow the specimen 
was read in degrees of deflection. The 
specimens used were those of which the 
susceptibilities and magnetic moments 
had previously been measured, so that 
data were obtained for plotting the mag- 
netic property against maximum deflec- 
tion of the compass needle. The results 
are shown in Figs. 9 and 10. 

It is seen in Fig. 9 that the first de 
flection visible with a magnifying glas 
was at about 4.5 X 10-* c.g.s. units 0 
magnetic moment. At a moment 0 
35 X 10-* there was a deflection of over 
9 degrees. 

in Fig. 10 susceptibilities are plottet 
against needle deflection both for spect 
mens of which the susceptibility had 
been measured and which had therefore 
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Fic. 8.—Effect of the Solution-quenching Treatment on Certain Wrought Alloys after Rolling. 

jer 
been magnetized in the field of 436 gauss, the susceptibilities had been measured. 
and for unmagnetized specimens of which While the curves in this figure, particu- 
the susceptibilities were approximately larly for the magnetized specimens, are 
nown because the specimens were cut considerably more irregular, it is indi- 
from the same ingot as those of which cated that the first visible deflection for 
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Fic. 9.—Deflection of Compass Needle by Specimens of Copper Alloys of Known Magnetic Moment 


45 50 


14 


12 


T 


T 


— 


| 


| 


| 


T 


_Unmagnetized Specimens 


30 


“45 


60 


75 


90 
Susceptibility, X,x10® 


Magnetized and Unmagnetized. 


the magnetized specimens was at a sus- 

ceptibility of about 10 X 10~, and for 
“the unmagnetized specimens at about 
45X10. The irregularity in the graph 
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Fic. 10.—Deflection of Compass Needle by Specimens of Copper Alloys of Known Susceptibility 


for magnetized specimens is probably 
due to difference in residual magnetiza- 
tion at the time the test was made, since 
these specimens were selected without 
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r ard to the time elapsed after the sus- 


ptibility had been determined. 

These data apply only to the dimen- 
ynal conditions of the particular in- 
-yment used in the test and the manner 
its use, and are therefore not applicable 
a quantitative way to other instru- 
ents. It is not suggested that a test 
this kind, even if standardized, would 
suitable as a means of fixing tolerable 
nits of magnetic properties in instru- 
ent alloys. It is believed, however, 


that a magnetic moment or susceptibility 


‘ sftch magnitude as to produce in this 
ay a visible deflection in any compass 
ould not be tolerable in instruments of 
recision, and that accordingly limits 
x the magnetic properties must be 
elow the above figures for the first 
isible deflection, namely 4.5 XK 107% for 
ioment and 10 X 10~ for susceptibility. 
Vhile it is not known how much lower 
the limits should be, the data tend to 
substantiate the limits of 1 X 10% for 
joment and 1 10~* for susceptibility 
yhich were used arbitrarily in connec- 
ion with the ratings of the different 
lloys given in Tables XI and XII. 
These limits were chosen with refere.ace 
0 the curves showing rate of rise in 
nagnetic properties with iron content, 
alling well within the range of the begin- 
ling of more rapid increase. Since they 
ae below, but not greatly below, the 
values for first visible deflection of the 
compass needle, they seem to be quali- 
‘atively appropriate. 


Tm: Errecr or IRON WHEN 
CIPITATED OR UNALLOYED 


PRE- 


When iron present in instrument alloys 
4s Impurity is precipitated from solid 
‘olution, only part of the total iron con- 
tent is precipitated. The original pre- 
“pitate is probably in a relatively non- 
magnetic form, which will be transformed 
‘0 magnetic form by plastic deformation 


(9). The following measurements were 
made for the purpose of determining 
the magnetism produced by iron if 
completely precipitated and transformed 
(as alpha iron), or of the effect of abit 
of iron accidentally included without 
being alloyed with the copper alloy. 

A brass specimen that had been found 
by measurement to have zero suscep- 
tibility was selected. Five pieces of pure 
iron wire were then weighed out in 
weights equal to 0.01, 0.02, 0.05, 0.10, 
and 0.24 per cent, respectively, of the 
weight of the specimen. The brass 
specimen with one of the pieces of iron 
wire placed on it was placed in the coil 


of the susceptibility apparatus and the | 


pull exerted by the coil determined as 
in the regular measurements of suscep- 
tibility. The test now simulated the 
condition where all of the iron content 
of a sample containing that percentage 
of iron had been completely precipitated 
as alpha iron and segregated into a single 
filiform piece. By using the weight of 
the brass-plus-iron sample in the formula 
for calculating susceptibility there is 
obtained a value for this simulated con- 
dition, which may be compared with 
the susceptibility of the brass with a 
corresponding amount of iron alloyed 
with it. By using only the weight of 
the iron wire in the formula, there is 


obtained an analogous figure for the 


pure iron present, and although the 
significance of this latter figure is un- 
certain because of the ferromagnetic 
properties of pure iron, values are ob- 
tained which are of interest from the 
standpoint of comparative order of mag- 
nitude. 

The results of this test are shown in 
Table XIII and are plotted in Fig. 11. 
The graph lacks entirely the form char- 
acteristic of the copper-base alloys con- 
taining alloyed iron; it is in fact a 
straight line, as would be expected. The 
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Fic. 11.—Increase in the Susceptibility of Brass 
with Small Amounts of Unalloyed Iron. 


0.20 025 


susceptibility values are ten to a thou- 
sand fold higher than when the same 
amount of iron is alloyed in the brass, 

It is shown that the condition of com- 
plete precipitation of iron in magnetic 
form is never approached in the alloy 
samples under any of the conditions used 
in the investigation. 

The extent of damage that will result 
from a minute piece of unalloyed iron 
is also clearly indicated. As little as 
0.01 per cent free iron resulted in very 

high susceptibility. The presence of un- 


alloyed iron, such as might result from 
_ accidental inclusion in manufacture, 
must therefore be almost entirely 


avoided. Surfaces likely to containiron, 
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TABLE XIII.—SUSCEPTIBILITY, x (x 1 
OF NON-MAGNETIC BRASS’ WITH ” 
UNALLOYED IRON? 


Calculated 
Weight of | yo, Pullof | Susceptibility 
Tron Wire, Gant Magnetizing — 

g. P Coil, g. Brass Iron 
Wire 
ron Only 

0 J 0 0 

0.0009 0.01 0.00960 37.1 | 39300 
0.0020 0.02 0.02430 93.8 | 448.0% 
0.00495 | 0.05 0.05775 221 430 000 
0.0100 0.10 | 0.09980 385 367 00 
0,0229 0.24 | 0.24320 926 391 000 


* Weight of the brass sample is 9.533 g. - 


as fr>m hot rolling, must be ground or 
turned down or effectively pickled. 


CORRELATION OF MAGNETIC PRopERTIES 
4 
WITH COMPOSITION 


No simple explanation of the magnetic 
behavior of the various copper alloys 
can be given on the basis of composi- 
tion. While the effect of iron as im- 
purity overshadows the effects of other 
factors, the magnitude of the iron effect 
depends on the form in which the iron 
is present, which in turn is affected not 
only by physical factors such as mechan- 
ical and thermal treatment, but also by 
the content of various other elements 
and the metallurgical form of their 
content in so far as it affects the form 
of the iron content. The actual con- 
tent of the various alloying elements 
encountered in the group of alloys stué- 
ied appears to have only a minor direct 
effect on the magnetic properties, bu 
it has important indirect effects in de 
termining the form in which the iro 
occurs. 

It is well known that variation of mag 
netism in non-ferrous alloys is directly 
dependent on phase changes. In solic 
solutions susceptibility in binary alloys 
will vary along a smooth curve unt! 
a change of phase occurs. In eutecti 


alloys susceptibility will vary along ‘ 
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straight line between the susceptibilities 
‘ the two alloy constituents. When 
. intermetallic compound occurs a 
break occurs in the susceptibility curve. 

In the present study, involving num- 
erous alloy compositions and various 
nase relations, it has been strongly in- 
cated that low magnetic properties 
re to be expected only when the alloy 
ontaining iron impurity) consists of a 
ngle phase. The appearance of a sec- 
nd phase appears quite generally to 
sive rise to increased magnetism, al- 
jough in alloys containing three, four, 
r five elements in addition to the iron, 
the exact point of appearance of the 
second phase could not readily be deter- 
ined, and time did not permit follow- 
ig this line of investigation. In some 
ases, however, it was apparent that 
ertain critical ranges of composition 
ccurred in which relatively small 
hanges in the content of some element 
ther than iron caused rather abrupt 
hanges in magnetism. ‘Tin and alumi- 
ium may be cited especially in this re- 
gard. On the other hand lead, which is 
nearly insoluble in the copper alloys, had 
jut little effect on the magnetic proper- 
ies so far as determined by the tests 
performed. 

Alloying of zinc with copper generally 
‘aused progressively lower magnetism 
until the percentages were reached in 
which the beta constituent might appear. 
The presence of beta signalized a very 
large increase in magnetism, and one 
which was greatly augmented by thermal 
ot mechanical treatment. 

Similarly when the limit of the alpha 
solid-solution range in the copper-alu- 
minum alloys was reached a marked 
sé in magnetic properties occurred. 
Thus the very favorable magnetic prop- 
‘ties found for alloy No. XII (B 169, 
C) are not broadly characteristic of the 
‘luminum bronzes. The particular al- 
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_ 2A, 2B, 1B, and B 22 Class A). 


loy tested was close to the optimum 
composition. At slightly higher alumi- 
num contents the magnetism would rise 
considerably, and would probably rise 
slowly with lower aluminum contents. 
Also, the alloy tested was binary alumi- 
num-copper, and it was found that the 
beneficial effect of aluminum was prob- 
ably limited to alloys containing little 
zinc or tin. 

The advantageous behavior of nickel 
silver may at first seem surprising in 
view of the ferromagnetism of nickel. 
Some effect of its ferromagnetism appears 
to be visible in the slightly higher sus- 
ceptibilities found in alloy No. XIV _ 
(B 151, C) as compared with a number — 
of the other alloys up to 0.10 per cent , 
iron. It is known, however, that the 
ferromagnetism of nickel is virtually 
absent in the copper-nickel solid solu- 
tions until the nickel content exceeds 
about 38 per cent by weight at room 
temperature; or, stated in another way, 
ferromagnetism disappears nickel- 
copper alloys when more than 40 per 
cent of the nickel atoms are replaced in 
solid solution by copper atoms. The 
effect of nickel in suppressing the ferro- 
magnetic effect of iron in nickel silver 
at low iron contents is due to its effect on 
the solid solubility of iron in the alloy. 
Copper and iron have only slight solu- — 
bility in each other in the solid state, but 
as nickel is added to the copper-iron 
alloy, the solubility of iron in copper and 
copper in iron are increased. With in- 
creased amounts of nickel, the gap in 
the copper-iron side of the ternary dia- 
gram is progressively narrowed and with 
a sufficient amount of nickel there is 
only one phase in the ternary Cu-Ni-Fe 
alloys. 

The casting bronzes included in the 
tests were the following, arranged in — 
order of increasing tin content: Nos. 
II, I, IX, XV, X, XIII (Alloys 5A, 4A, © 
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be noted that in Table XI alloys 4A 
and 5A are rated “‘good,” 2A and 2B 
“fair,” and 1B and B 22 Class A “poor.” 
The appearance of the delta constituent 


in Cu-Zn-Sn alloys containing iron im- 


Tange. 


purity results in a rapid rise in mag- 
netism. ‘Tin present in amounts of less 
than about 4 per cent (depending on the 


- zinc content) may have a slightly bene- 


ficial effect in lowering magnetism. It 
is indicated that in order to obtain the 
favorable result found in alloy No. I 
(4A), which had the lowest magnetic 
properties of any of the casting bronzes 
tested, the tin content should be kept in 
the lower part of the 4.0-6.0 per cent 
range covered by specification B 145, 
4A. The tin percentage is in a critical 
range in the 85:5:5:5 alloy and not all 
samples meeting the specifications as to 
tin and zinc contents would be expected 
to show as favorably as the sample of 
alloy No. 4A here used. Alloy No. XV 
(2B) is in the “fair” group in spite of a 
tin content as high as 7.4 per cent, prob- 
ably because its zinc and lead contents 
are low. 

Among the casting brasses, alloy No. 
III (6B) is in a favorable composition 
It has a high zinc content, to- 
gether with a small amount of tin, and 
it is entirely in the alpha phase. Alloy 
No. VIII (6A) is also a single-phase alloy, 
and while its lower zinc content as com- 
pared with 6B would tend to give it 
higher magnetic properties, this effect 
should not be great; no adequate ex- 
planation is evident as to why this alloy 
was inferior from the magnetic stand- 
point to 4A, 5A, and 6B. 

Among the wrought brasses, Nos. VI 
and XI (B 16 and B 21 Grade A) are poor 
because of zinc contents sufficiently high 
to result in the presence of some of the 
beta constituent. This was verified by 
microscopic examination. No. V (B 
36, alloy No. 8) probably also contained 
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beta as cast and as rolled, in which cop. 
ditions it had even higher magnetic 
properties than B 16 and B 21 Grade 4. 
but after the solution-quenching treat. 
ment this alloy had lower magnetism 
than the other two and was rated “goo¢,” 

The unfavorable behavior of alloy No, 
VIL (phosphor bronze) is probably due 
to iron precipitation associated with 
appearance of the delta phase. The 
delta constituent is formed when phos. 
phorus is added to copper-tin alloys with 
tin present in excess of 4.5 per cent (1) 
Only small quantities of phosphorus are 
required to effect the lowering of the 
solubility of tin in copper. Delta here 
forms a ternary eutectic with the alpha 
phase and copper phosphide. 

Alloy No. XVI (beryllium copper 
was tested at only one iron content, 
namely, 0.09 per cent. A relatively 
high iron content, generally 0.15 per 
cent or more, is inherent in the usual 
production method for beryllium cop 
per. Specially prepared metal would 
probably be satisfactory if the iron con- 
tent were as low as 0.01 or 0.02 per 
cent. It appears that some iron & 
precipitated in magnetic form even at 
0.09 per cent iron, even though the bery! 
lium is largely retained in supersaturatet 
solid solution after quenching. Th 
precipitation treatment applied to bery: 
lium copper did not cause a further ris 
in magnetism. 


CONCLUSIONS 


1. The limits for maximum iron con 
tent given in standard specifications for 
copper alloys are much too high from 
the standpoint of magnetism if the alloy 
are to be used for magnetic instrumen 
construction. 

2. The suitability of the alloys for 
magnetic instruments may be evaluate 
from measurements of their susceptibil 
ties and magnetic moments. 


3. These properties are strongly de 
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pendent on the amount of iron Present 
as impurity, and their rate of increase 
with percentage of iron is the most im- 
portant factor in the evaluation. The 
relation depends on the form in which the 
iron is present and is affected greatly by 
eat-treatment and cold work. 

4, For most copper alloys, including 
the common brasses and bronzes, in- 
crease in the magnetic properties with 
iron content follows a certain pattern 
or type of curve. The magnetic prop- 
erty increases very slowly at first, then 
more and more rapidly, and finally rises 
steeply with increasing iron content. 
The lower the iron content at which the 
rate of rise becomes rapid, the less satis- 
factory is the alloy from the magnetic 
standpoint. 

5, Iron contents falling well within the 
region of slow rise should be generally 
suitable for magnetic instruments, those 
in the middle range are doubtful or per- 
haps suitable only for instruments of 
lesser precision, and those in the higher 
ranges are almost certainly too large for 
accurate functioning. 

6. Three of the alloys tested are in- 
herently high in magnetism and are 
unsuitable for magnetic instrument con- 
struction under any conditions. All of 
the remaining sixteen alloys are suitable 
if the amount of iron present in alloyed 
form is as low as 0.01 per cent. 

7. The magnetic properties of most 
of the copper alloys, both cast and 
wrought, can be considerably lowered by 
4 solution-quenching treatment. The 
magnitude of the effect varies with com- 
position, as well as with the iron con- 
‘ents, and whether cast or rolled. 

8. The casting alloys having the lowest 
magnetic properties as cast were found 
to be 85-5-5-5 (ounce metal, B 145, 4A), 
valve composition (B 145, 5A), and com- 
mon yellow brass (B 146, 6A). Other 
cast alloys were rated good if heat- 


treated, 


9. Without heat-treatment the best — 
of the alloys tested were the wrought | 
alloys binary aluminum bronze (B 169, 
Alloy C) and nickel silver (B 151, Alloy _ 
C). The former is best at the lower | 
iron contents, the latter at higher iron — 
contents. The solution-quenching treat- 
ment is very effective in lowering the — 
magnetic properties of aluminum bronze, 
and also of electrolytic copper, but has 
little effect on nickel silver. If this treat- 
ment is given, electrolytic copper con- 


aluminum bronze, and both are better 
than nickel silver at iron contents as high 
as 0.50 per cent. 

10. Annealing causes the magnetic 
properties to increase. At very low iron 
contents the effect is inappreciable, while 
at high iron contents it may be very 
great. Nickel silver was the only alloy 
found that could be safely annealed after 
rolling when the iron contents were as 
high as 0.05 per cent. 

11. The magnetic properties of the 
different alloys vary over an extremely 
wide range with increasing iron contents, 
and with different thermal and mechani- 
cal treatments at the same iron content 
if the iron is high; but if the iron is low, 
thermal and mechanical treatments have 
relatively little effect. 

12. The effect of rolling differs in dif- 
ferent alloys. For most rolled alloys the 
rise in magnetic properties begins at 
lower iron contents and rises more steeply 
in the rolled than in the cast condition. 
In some alloys, however, the magnetic 
properties rise more rapidly in the cast 
condition than after rolling. 

13. The compass needle of a surveying 
instrument was visibly deflected by plac- 
ing directly over it specimens having 
magnetic moments of 4.5 K 107* c.g.s. 
units or higher, or by specimens having 
susceptibilities of 10 X 10~ or higher if 
previously magnetized and 45 X 10~ or 
higher if unmagnetized. Deflections of 


y 
2 i 


several degrees occurred at the higher 
magnetic values. 

14. Specimens with unalloyed iron 
showed magnetism ten to a thousand 
times as high as specimens containing the 
same amount of alloyed iron. 

15. Low magnetic properties are to be 
expected only when the alloy, containing 
a moderate amount of iron impurity, con- 
sists of a single phase. Brasses contain- 
ing the beta constituent with iron as im- 
purity have high magnetic properties, 
and similarly tin and aluminum beyond 
the limits of the alpha solid solution cause 
high magnetism. 
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Mr. J. J. Curran.'—The findings of 
Messrs. Butts and Reiber are very 
interesting. Particularly interesting is 
the fact that the common casting alloys 
(copper-tin-lead-zinc type), I, 85-5-5-5, 
II, 81-3-7-9, and III, 67-1-3-29, are good 
from the standpoint of low magnetic 
susceptibility and magnetic moment, 
and that in a number of alloys, these 
properties are reduced still further, 
_ for a given iron content, by quenching 
in cold water from temperatures of 800 
and higher. 

_ Without attempting to cover the 
Daca of such quenching treatment on 
other properties of all of the alloys in- 

cluded in the investigation, we wish to 
_ point out that alloys of the copper-tin- 
lead-zine type, such as 85-5-5-5, 81-3-7-9, 
= 88-6-2-4, are susceptible to serious 
deterioration if quenched from 800 C. 
and higher. Extensive cracking occurs 
in these alloys in such treatment, not 
easily visible to the eye, but reflected 
markedly in their tensile properties and 
in their pressure-tightness. 

However, if tensile strength at 25 per 
cent or less of specification values, 
elongation at practically zero, and leak- 
-age under pressure can be tolerated in 
the instruments contemplated in this 
investigation, the solution treatment 
undoubtedly be helpful. 

This cracking of the copper-tin-lead- 
zinc alloys in quenching might easily 
be due to stress-corrosion cracking, that 
is, quenching puts the quenched surface 

in tension, and corrosive action is pro- 


1 Chief Metallurgist, General Metallurgical Research 
Dept., Walworth Co., Greensburg, Pa. 


DISCUSSION 


vided by the molten globules of impure 
lead. 

Mr. G. Sorxin.2—I should like to in- 
quire whether the authors have investi- 
gated the stability of the alloys with 
respect to the degree of magnetism which 
they found. 

Mr. G. R. Goun.2—Unpublished data 
which we obtained during the war in 
connection with the development of 
equipment which had to meet the same 
requirements as the magnetic compasses 
described bv the authors corroborate the 
results of the authors’ studies. 

Our tests showed that free-cutting 
yellow brass rod had distinct magnetic 
properties which made it unsuitable for 
use in such equipment. Phosphor bronze 
containing up to 0.10 per cent of iron, 
and nickel silver alloys, such as the 18 
per cent nickel, 27 per cent zinc alloy, 
containing even higher percentages of 
iron were found to be sufficiently non- 
magnetic for use in these applications. 

Apparently it is not the percentage of 
iron present so much as the condition 
in which the iron is present which deter- 
mines whether or not the non-ferrous 
material has objectionable magnetic 
characteristics. In the case of the nickel- 
silver alloy, the increased solubility 0 
the iron in the nickel undoubtedly led 

to a somewhat higher tolerance for iro 
than in the case of the straight copper 
zinc brasses. 

Mr. G. R. MacDonatp.A—A phos 


2 Bureau of Ships, Navy Department, Washingtos, 
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phor bronze similar to alloy D of AS. 
Specification B139-48T, with 
an allowable 1.25 per cent iron maximum 
has been used in applications that re- 
quire a non-magnetic material. The al- 
loy is used in rod form, less than 1.25 
in. in diameter and with some degree 
of cold work. With the high iron con- 
tent, would the magnetic characteris- 
tics of the alloy be accentuated by cold 
rolling subsequent to heat treatment? 
Mr. Carter S. CoLe.*—It is interest- 
ing to note that the nickel-silver alloys 
in the wrought condition give excellent 
promise for this particular service for 
which the authors were testing. It should 
also be noted that, while straight copper 
showed rapid development of magnetic 
susceptibility when iron was intention- 
ally added for purposes of test, the 
amount of iron to be expected in any 
commercial copper used for wrought 
products would be less than 0.005 per 
cent, which would be far under the range 
where interference from magnetism 
might be expected. Further information 
is needed on the properties of leaded 
and other free-cutting types of copper. 
It is clear from Fig. 7 that three of our 
common cast alloys are suitable after 
heat treatment for applications where 
magnetism would be a problem, although 
Mr. Curran’s remarks would indicate 
that the heat treatment needed to re- 
move the magnetic susceptibility may 
lave adverse effect on strength and 
porosity for at least some of the alloys. 
Unanswered questions are why the 4A 
alloy (85-5-5-5), the 5A alloy (81-3-7-9) 
and the 6B alloy (commercial yellow 
brass) show good properties, especially 
after heat treatment, but the 6A alloy 
(high-copper yellow brass) which is in- 
termediate in compositon between 5A 
and 6B showed up so poorly. A simple 
laboratory test to determine the effec- 
liveness of the heat treatment and lack 


* Assistant Technical Secretary, A.S.T.M. Staff. 
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of damage along the lines indicated by 
Mr. Curran, both are needed. Perhaps 
with castings a simple coupon could be 
devised which would remain attached 
to the castings during heat treatment 
and be removed subsequently for test. 

A few words of caution regarding the 
authors’ data might also be in order. 
The data in Tables III and IV for the 
“as cast” condition of an aluminum 
bronze alloy is the ‘‘as cast” condition 
of an alloy whose chemical composition 
is that of the wrought aluminum bronzes, 
not the chemical composition normally 
found in cast aluminum bronzes. The 
maximum iron of the wrought alloy 
C of A.S.T.M. Specification B 169 is 
0.50 per cent, while the minimum iron 
of alloy 9B of A.S.T.M. Specification 
B 148 is 0.75 per cent and other cast 
aluminum bronzes run from 2.5 to 5.0 
per cent iron. The same _ precaution 
should be used in considering the “as 
cast” data for alloy XVI in Tables V 
and VI, as the maximum iron in the 
wrought alloys in A.S.T.M. Specification 
B 151 is 0.25 per cent, while the maxi- 
mum iron permitted in the cast alloys 
in A.S.T.M. Specification B 149 is 1.5 
per cent. 

Messrs. ALLISON Burts AND P. L. 
REIBER, JR. (authors’ closure).—Mr. 
Curran has given pertinent information 
as to deterioration of certain alloys 
through stress cracking if quenched from 
800 C., and the consequent limitation 
of the solution-quenching treatment for 
those alloys. It appears likely that the 
treatment is not necessarily ruled out 
for the type of service required in instru- 
ments, but this question can only be 
answered by trial application of the 
treatment to manufactured parts. 

Mr. Sorkin’s question refers to an im- 
portant point, an extensive investiga- 
tion of which was included in the tests. 
The magnetic properties of many speci- 
mens of the alloys were remeasured after 
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various periods, continuing to six months 
or more. The aging was carried on both 
at room temperature and at 100 C. with 
parallel groups of specimens. The re- 
measurements gave very constant val- 
ues. No significant changes were found 
except in cases where the magnetic 
properties were already too high; even 
then rather small increases occurred. 
It might be expected that aging would 
have greater effect on quenched speci- 
mens, but this was not the case. While 
high iron contents resulted in some in- 
stability, it was concluded that the 
magnetic properties are very stable in 
all the alloys of suitably low magnetism, 
and that the effect of aging is of no prac- 
tical importance whether the material 
is cast or rolled and whether heat 


treated or not. 

We agree with Mr. Gohn that the 
condition in which the iron is present 
is the direct determining factor in caus- 
ing unduly high magnetism, rather than 


the percentage of iron present. But when 
the percentage present exceeds the 
amount which can be held in solid solu- 
tion, magnetism begins to increase rap- 
idly in accord with the amount of iron 
precipitated in the ferromagnetic con- 
dition. 

We assume that Mr. MacDonald uses 


the term “non-magnetic”’ in its relative 
sense as compared with ferrous materials. 
Phosphor bronze having an iron content 
approaching 1.25 per cent would not be 
suitable for precise magnetic instru- 
ments. The magnetic properties of the 
material of this high iron content would 
in all probability be accentuated by cold 
work subsequent to heat treatment, 
and might be raised to a surprising de- 
gree. 

Mr. Cole’s word of caution as to data 
obtained on cast samples of normally 
wrought alloys is in order. All the 
wrought alloys were tested in both cast 
and rolled conditions for purposes of 
comparison and study of the effect of 
cold work. 

There are possible explanations for 
the anomalous behavior of the6A 
alloy (test No. VIII) related to its com- 
position, but they cannot be regarded 
as satisfactory without further tests. 
The samples as received from the Navy 
Department were high in iron (0.3 
per cent). A new series of samples was 
made in the laboratory. This series had 
good magnetic properties at 0.02 per 
cent iron, but was poor at 0.07 and higher 
percentages. Where the two series over- 
lapped in iron contents, above 0.36 per 
cent, the measurements gave high values 
similar in both series. 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
EVALUATION TESTS FOR STAINLESS STEELS 


The Symposium on Evaluation Tests for Stainless Steels was sponsored 
by Committee A-10 on Iron-Chromium, Iron-Chromium-Nickel, and Re- 
lated Alloys to provide a review of experience with these evaluation test 
methods and the relation of results secured with them to the performance 
of the stainless steels under actual conditions of use. The symposium was 
presented at the Twelfth and Fifteenth Sessions of the Fifty-second Annual 
Meeting of the American Society for Testing Materials held in Atlantic 
City, N. J. on June 30, 1949, 


The following papers were presented: _ 


Introductory Summary—F. L. LaQue 
Present Knowledge of Low-Carbon 18-8—H. W. Gillett 
Corrosion Resistance and Mechanical Properties of Low-Carbon Austenitic Stain- 
less Steels—D. C. Buck, J. J. Heger, F. J. Phillips, and B. R. Queneau 
~ Accelerated Corrosion Testing of Chromium-Nickel Stainless Steel Weldments— 
F. K. Bloom and M. E. Carruthers 
An Appraisal of Methods for Evaluating the Corrosion Resistance of Stainless 
Steels—M. H. Brown, W. B. DeLong and W. R. Myers 
_ Some Observations on Tests for Intergranular Susceptibility of 18-8 Mo Stain- 
less Steels—Hilmer Ebling and M. A. Scheil 
Influence of Carbon and Molybdenum on the Intergranular Corrosion Resistance 
of Austenitic Chromium-Nickel Steels With and Without Columbium—wW. O. 
Binder and C. M. Brown 
Comparative Corrosion Resistance of Stainless Steels in Various Acids—R. B. 
Mears, C. P. Larrabee, and C. J. Fetner 
_ Comparison of Plant Corrosion Test Results on Austenitic Stainless Steels with 
Results of Huey and Strauss Tests—H. O. Teeple 
Results of Some Plant Corrosion Tests of Welded Stainless Steels—G. F. Comstock 
_ Testing Multiple Specimens of Stainless Steels ina Modified Boiling Nitric Acid 
Test Apparatus—W. B. De Long 


The papers together with discussions are issued as A.S.T.M. Special 
Technical Publication No. 93, entitled, “Symposium on Evaluation Tests 
lor Stainless Steels.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON RAPID 
METHODS FOR THE IDENTIFICATION OF METALS 


In view of the wide usefulness of rapid methods for the identification 
of metals a symposium was held to discuss the general principles involved 
in the various types of methods in current use and also specific applications 
of rapid identification methods to particular classes of metals and alloys. 
The symposium was sponsored by Committee E-3 on Chemical Analysis 
of Metals and presented at Third and Fifth Sessions of the Fifty-second 
Annual Meeting of the American Society for Testing Materials held in At- 
lantic City, N. J., on June 28, 1949. 

The following papers were presented: 


Introductory Remarks—L. A. Wooten 
Development, Present State, and Outlook of Spot Test Analysis—F itz Feigl 
Electro Spot Testing and Electrography—H. W. Hermance and H. V. Wadlow 
‘Instruments for Rapid Metal Identification—R. R. Webster 

- Separating Alloys by Relative Spot Tests—H. Kirtchik 

Rapid Methods for the Identification of Copper-Base Alloys—R. P. Nevers 
Rapid Identification of Metal Finishes—D. R. Evans and A. Lewis 
Examination of Plated and Protective Coatings by Electrographic Analysis— 

N. Galitzine and S. E. Q. Ashley 

Separating Tin-Lead, Antimony-Lead, and Pure Lead by Spot Test Analysis— 
Ray 

_A Field Test Kit for Rapid Identification of Nickel Alloys—H. B. Lea 

‘ Rapid Tests for the Identifying Alloy Steels—Elbert C. Kirkham 


The papers together with discussions are issued as A.S.T.M. Special 
Technical Publication No. 98, entitled, “Symposium on Rapid Methods 
for the Identification of Metals.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON TESTING 


CAST IRON WITH SR-4 TYPE OF GAGE 
The Symposium on Testing Cast Iron with SR-4 Type of Gage was 
sponsored by Committee A-3 on Cast Iron and presented at the Eighth 
and Ninth Sessions of the Fifty-second Annual Meeting of the American 
Society for Testing Materials held in Atlantic City, N. J., on June 29, 
1949. 

Because cast iron will break with a nonductile fracture under simple 
tensile stress, its application has occasionally been avoided in favor of 
more ductile material which will deform and thus sound a warning. Non- 
ductile fractures are known to develop in ductile materials like steel, as 
in the case of the fatigue failure. Means for exploring stress distribution 
in castings have been provided by various means and specifically in the 
strain-resistance wire gage system. 


The following fifteen papers were presented: oe 


Stress Analysis of Automotive Cyclinder Blocks—Martin A. Erickson 
- Residual Stresses in Cylinder Blocks—R. J. King 
~ An Analysis of Locked-In Stresses in Automotive Cylinder Blocks—S. J. Stockett 
and H. W. Lownie, Jr. 
Strain Testing of Crankshafts, Engine Frames and Cylinders—H. M. Hardy and 
T. O. Kuivinen 
Strain Gage Tests on Diesel Cylinder Blocks, Heads, and Pistons—C. L. Newton 
and J. D. Swannack 
_ Stress-Strain Tests on Rectangular Cast Iron Beams—Oliver Smalley 
_ Stress-Strain Tests on Various Cast Iron Beam Sections—H. M. Hardy and T. O. 
Kuivinen 
Stress Analysis of a Cast Iron 125-lb. Valve Assembly—V. T. Malcolm and S. Low 
Stress Analysis of a Cast Iron Split Tapping Sleeve—E. C. Sears, J. W. Minex 
and E. D. McCauley 
Stress-Strain Analysis of Cast Irons for Valve Parts—Harold Wyatt 
Residual! Stresses in Cast Iron Deaerating Trays—J. A. Cameron 
Some Strain Gage Studies of Cast Iron Punch Press Frames—Given A. Brewer 
Stress Determination in Cast Irons for Railroad Service—Richard A. Flinn and 
Robert J. Ely 
_ Location and Measurement of Stresses in Gray Iron Tractor Castings—Hyman 
Bornstein 
Stress-Strain Studies of Cast Iron and Textile Machinery Parts—Victor E. Hillman 


The papers together with discussions are issued as A.S.T.M. Special 
Technical Publication No. 97, entitled, “Symposium on Testing Cast Iron 
with SR-4 Type of Gage.” 


a Gal 
j 
| 
¢ 
* 
« 
roy 
yt 
ani 
2 
i 
889 
wlll 


SUMMARY OF PROCEEDINGS OF THE SESSION 
ON RADIOGRAPHY 


To provide a review of all of the late developments in the field of radiog- 
raphy, Committee E-7 on Non-Destructive Testing sponsored a session 
at the Fifty-second Annual Meeting of the American Society for Testing 
Materials held in Atlantic City, N. J., on June 27, 1949. 

The following papers together with discussions are issued as A.S.T.M. 
Special Technical Publication No. 96, entitled, “Papers on Radiography”: 


Recent Progress in High Speed Flash Radiography—J. C. Clark 

10 Mev X-ray Technique—D. T. O’Connor, E. L. Criscuolo, and A. L. Pace 

Radiography and Autoradiography by Photoelectrons—D. T. O’Connor and 
W. R. Maddy 

Mobilizing the Van de Graafi Generator for Precision Radiography—FE. A. Burrill 

A Universal Exposure Calculator for Radium Radiography and Its Application 
to Current Industrial Radiographic Films and Techniques——N. A. Kahn, FE. A. 
[mbembo, and Jay Bland 

A Discussion on Radiographic Sensitivity—C. H. Hastings 

Rotel Procedure for Establishing Radiographic Standards—L. W. Ball 

An Investigation of Radiography in the Range from 0.5 to 2.5 Million Volts-- 


W. W. Buechner, R. J. Van de Graaff, H. Feshbach, E. A. Burrill, A. Sperduto, 
and L. R McIntosh 
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PORTLAND CEMENT - WATER MIXTURES* 


By RupoteH C. VALORE, Jr.,! James E. Bow AND R. L. BLAINE! 


SYNOPSIS 


as it separates from freshly mixed portland cement-water mixtures. The 
bleeding water is collected by flotation through carbon tetrachloride. ‘Tests of 
neat cement pastes at various water-cement ratios by the carbon tetrachloride 
method and by a float-subsidence method (in which bleeding is identified as the 
subsidence of the paste surface) vielded bleeding-time curves of similar types, 
but bleeding rates and capacities calculated from carbon tetrachloride test data 


THE DIRECT AND CONTINUOUS MEASUREMENT OF BLEEDING IN | 


An apparatus is described for measuring continuously the water of bleeding | 


averaged about 80 per cent of those obtained from subsidence data. 
bon tetrachloride method was found to give results of satisfactory reproduci- 
Experiments for evaluating container boundary friction effects and 
examples of channeled bleeding have been described. Results of the applica- 
tion of the carbon tetrachloride method to concretes are also presented. 


bility. 


The bleeding of freshly mixed port- 
land-cement pastes, mortars, and con- 
cretes may be described as the separa- 
tion of a portion of the water at the 
surface of such mixtures. The apparent 
upward displacement of water in a mix 
results from the consolidation of the 
mass of suspended solids due essentially 
to gravitational forces. ‘ High bleeding 
rates, accompanied by “channeling” and 
4 consequent removal of appreciable 
quantities of very fine particles from the 
cement paste matrix to the upper sur- 
face of a concrete, may cause planes of 
weakness in the hardened material. Ex- 
cessive bleeding may also account for 
water pockets and loss of bond at the 
underside of coarse aggregate restricted 
from movement, as in narrow forms, and 
at the underside of horizontal reinforce- 


* Presented at the Fifty-s i 

io ty-second Annual Meeting of 

une 27~July 1, 1549, 
Materials Engi Nationz 

Washi + yaa National Bureau of Standards, 


The car- 


ment. A moderate amount of bleeding, 
however, facilitates finishing operations 
such as screeding and troweling, and in 
the fabrication of cement-asbestos prod- 
ucts, spun concrete pipe and vacuum con- 
crete, high bleeding cements are desirable. 

The accurate measurement of bleeding 
has long been a problem. Powers,’ 
Reed-Lewis,’ and others have used 
various means for measuring bleeding 
and have contributed to our understand- 
ing of various phases of the subject. 
Powers? has employed an indirect method 
in which bleeding is identified as the 
subsidence of the solid phases in cement- 
water mixtures. Direct methods, in 
which the bleeding water was siphoned 
or otherwise collected, have not gen- 
erally permitted satisfactory evaluation 


2T. C. Powers, Bulletin 2, Research Laboratory of 
the Portland Cement Assn. (1939) (includes a_bibliog- 
raphy). 

+E. W. Reed-Lewis, ‘“The Relative Water Capacities 
Cements” Pit and Quarry, Vol. 31 (August, 
1938). 
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of bleeding rates and have been unsuit- of the surface of a sample of neat port. 
able for testing mixtures of high water- land-cement paste, mortar, or concrete. 
cement ratio for which the surface of A series of parallel tests was made by 
demarcation between bleeding water and up 
the original paste is poorly defined. 
There was the need, therefore, to develop — 
a reproducible direct method for the 
collection and continuous measurement 
of bleeding water in mixtures within 
the range of practicable water-cement 
ratios. 


SCOPE 


A direct method and apparatus based 
upon the principle of flotation were de- 
vised. This principle required, as a 
displacement medium, a liquid immisci- 
ble with water having a specific gravity 
intermediate between that of water and 
that of the cement-water mixture in 
which bleeding was to be measured, in 
order to buoy up the bleeding water 
into a collecting and measuring appara- 
tus. Preliminary experiments resulted 
in the choice of carbon tetrachloride as a 
displacement medium‘. Carbon tetra- 
chloride has a specific gravity of approxi- 
mately 1.6 at 70 F., is virtually immis- 
cible with water, and is not known to 
react chemically with the constituents or 
hydration products of portland cement. 
When a layer of carbon tetrachloride is 
placed over the surface of a freshly mixed ur 
neat cement paste the bleeding water ap- ta 
pearing at the surface moves laterally to INCHES in 
a number of collection points. When Fic. 1.—Carbon _ tetrachloride-displacement ti 
such a point holds a sufficient amount of PParatus 
water (about 0.05 ml.), the buoyant force A, sample container; B, 30 cement paste sample 
is apparently great enough to cause a © outer rim; D, metal collecting. ring; buretic, 


carbon tetrachloride levels; G, bleeding water; H, capillary 


1 te ; and 
water g le te ak away constriction; J, stopcock; J, aspirator; K, cover; @ 
water globule to break away from the L, sponge rubber base. Burette-tunnel assembly remaits 
surface and to ascend to the top of the _ stationary during test while collecting ring is free to se 


carbon tetrachloride layer. 

The apparatus devised permitted the 
continuous collection and measurement 
of bleeding water from a selected area 


means of this “carbon _ tetrachloride 
method” and the previously mentioned 
subsidence or “float method”. One 
‘See section on Results and Discussion in this paper Operator made three tests by each 


Land may results of the use of other liquids as displacement method on neat pastes made with each 


B 


G — 
F 
ll 


{four portland cements at each of four 
vater-cement ratios. 

Tests were made by three operators 
spon neat pastes made with an addi- 


tional cement at each of three water- 


ement ratios, in order to determine the 
degree of reproducibility among different 
operators. 

Inasmuch as the results obtained with 
the carbon tetrachloride and float 
methods were found to differ systemati- 
cally by more than the amount of the 
experimental error, additional tests were 
made. These were directed mainly to- 
ward evaluating the boundary friction 
eflect upon bleeding as determined by 
both methods in tests of neat cement 
pastes. 

Bleeding tests were also made upon 
concretes prepared with one cement at 
three water-cement ratios, using the 


carbon tetrachloride method. 


Carbon Telrachloride Displacement A ppa- 
ralus: 


APPARATUS 


A drawing of the carbon tetrachloride 
displacement apparatus for measuring the 
bleeding of neat cement pastes is pre- 
sented in Fig. 1; both the paste sample 
container and the collecting and meas- 
uring apparatus are shown. The con- 
tainer is a brass cup approximately 6 in. 
in diameter and 3 in. deep. An outer 
ring 7 in. in diameter is soldered to the 
perimeter of the cup about 0.5 in. below 
the top rim of the cup, and extends about 
1.5 in. above the rim. Carbon tetra- 
chloride poured into the space between 
the outer ring and the rim of the cup 
tlows over the surface of the paste sample, 
which is level with the rim of the cup, 
without disturbing the paste surface. 
Bleeding water may be collected from 
a selected portion of the paste surface 
by means of the flanged ‘“Dowmetal’”’ 
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submerged, in the paste and directs the 
water through the inverted funnel into 
the burette. The funnel, burette, and 
aspirator assembly is held in position by 


collecting ring which floats, partially 

means of a burette holder, not shown in 


10123456 
INCHES 


Fic. 2.—Schematic drawing of various test — 
set-ups, showing neat paste sample container _ 
and positions of collecting rings and _ float. 


A, normal or center position for 3-in. collecting ring; 
B, normal position for 2-in. ring; C, 3-in. collecting ring 
extending to bottom of container; D, 2-in. ring extending 
to bottom of container; /, 2-in. ring and concentrically 

laced 1-in. tubing extending to bottom of container; 
a 2-in. ring centered 1.25 in. from container wall; 
G, float in normal position; and //, float centered 1.25 in. 
from container wall. 


the drawing. Collecting rings approxi- 
mately 3 in. (7.7 cm.) and 2 in. (4.5 cm.) 
in diameter, with matching funnel sizes, 
were employed in conjunction with the 
6-in. diameter paste container for the 
present series of tests.° 


5 Since the completion of these tests the combination . 
of the 2-in. ring and a 4-in. diameter paste container 
bas been found more convenient to use. 
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For tests of concrete a 4.9-in. (12.5 
cm.) diameter collecting ring was used 
with a container 26.7 cm. deep and 29.2 
cm. in diameter. ‘The areas of paste or 
concrete surface covered by the 3-in., 
2-in., and 4.9-in. rings were 47.0, 21.2, 
and 118.0 sq. cm., respectively. A clear 
_ organic plastic cover was placed over the 
portion of the container surrounding the 
funnel because of the toxic nature of 
carbon tetrachloride vapor.® 

After a paste sample has been placed 
in the container, and then covered with 
carbon tetrachloride, the collecting ring 
is placed in position, normally at the 
center of the paste surface (A and B, 
Fig. 2). The funnel-burette assembly is 
then lowered to within 0.25 in. of, and 
directly over, the collecting ring. Car- 
bon tetrachloride is next drawn up into 
the burette by means of the aspirator to 
a “zero” burette marking and the stop- 
cock closed. A constricted capillary 
between the aspirator bulb and the stop- 
cock controls the rate of rise of carbon 
tetrachloride in the burette. The vol- 
ume of bleeding water replacing carbon 
- tetrachloride at the top of the liquid 
column in the burette is then measured 
periodically during a test. 

In tests designed to evaluate the 
boundary friction or container “edge” 
effect upon bleeding, modifications in the 
dimensions or position of the collecting 
ring were employed. Both types of 
modifications are shown schematically 
in C, D, E, and F of Fig. 2. 


_Float-Subsidence A pparalus: 


The float or subsidence apparatus used 
was essentially the same as that described 
by Steinour,’ and the normal center and 
the edge positions of the float are shown 


® See section on Results and Discussion in this paper 
for precautions that should be observed in the handling 
of carbon tetrachloride and other liquids used as dis- 
placement media. 

7 Harold H. Steinour, Bulletin 4, Research Laboratory 
of the Portland Cement Assn. (1945). 
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schematically in G and 7 of Fig. 2, 
The 6-in. diameter paste container used 
with the carbon tetrachloride apparatus 
was also used for determinations of sub. 
sidence. The float was a bakelite disk 
4 in. in diameter and { in. thick, upon 
which a needle was mounted vertically. 
The container was filled with paste, as 
in the carbon tetrachloride displacement 
tests, and water was then poured into 
the outer rim of the container and 
allowed to flow over the surface of the 
paste to a depth of about 0.5 in. The 
float was placed on the surface of the 
paste (normally the center of the paste 
surface) and was seated by jarring the 
container. A cathetometer, graduated 
in 0.001 cm., was used to determine the 
relative vertical position of the point of 
the needle periodically during the test. 

The float method was used only in 
tests of neat cement pastes in the present 
investigation. 


MATERIALS 


Eight brands of portland cements were 
used. Chemical analyses, Wagner tur- 
bidimeter and Blaine air-permeability 
specific surface values, and the percent: 
age air content of standard 1:4 mortars 
for these cements are presented in Table 
I. The cements met all of the physical 
requirements of Federal Specification 
SS-C-192, Non-air-entraining, type 1, 
except that three of the cements exceeded 
the requirement for the maximum per- 
centage by volume air entrainment, 4 
indicated in Table I. . 

Potomac River sand and j-in. 
mum size coarse aggregate were used in 
the concretes. A sieve analysis of the 
combined fine and coarse aggregates |s 
given in Table II. 


8 Federal Specification SS-C-192, Type Ia, for Cements, 
Portland, May 20, 1946. 


| 


SaMPLE PREPARATION AND TESTING 
PROCEDURES 


All mixing and testing were done in a 
laboratory maintained at 70 + 2F. 
The relative humidity was maintained 
st 50 + 5 per cent for tests of neat ce- 


TABLE I -CHEMICAL ANALYSES, SPECIFIC SURFACE, AND MORTAR AIR CONTENT OF CEMENTS USED 
i IN BLEEDING TESTS. 


Specific Sur- 
Calculated Potential P 
Chemical Analyses, per cent | Compound, per cent Panag tA Mortar 
| | 
-emen | ag- : tent, 
| | | Igni- ner per 
CaO MgO | AlzOs | | SiOz | SOs | | tion | C:A | CaS | CoS | Tur- | cent 
Resi- | Loss | bidim-| 
64.0 2.6 6.4 2.9 21.0 4.3 0.1 1.0 12 | 49 23 1780 3390 8.5% 
Biss 62.6 3.1 6.2 3.0 21.7 1.9 0.1 | 0.8 11 38 33 1710 3060 6.6 
63.0 2.8 6.0 2.8 21.6 | 1.2 | 0.1 1.4 11 43 29 1710 3240 9.2% 
D... 63.2 | 2.6 6.3 3.0 21.1 1.8 | 0.3 0.7 12 45 27 1920 3380 6.6 
Mines 65.1 0.9 4.8 5.4 21.5 1.5 0.1 0.5 oa 57 18 1850 2950 4.3 
F 63.4 ae 6.9 2.4 24.5 1.9 0.3 0.9 12 45 28 1760 | 3080 6.3 
62.6 5.6 0.2 | 0.9 10 41 | 32 1750 | 3160 
H 64.2 3.6 6.4 2.6 20.2 te \ Oe ' 8S 13 56 16 | 1570 2985 8.0 
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steady and vigorous manner. The total 
mixing time was 6 min., which was di- 
vided into two 3-min. mixing periods 
separated by a 3-min. interval during 
which the paste was quiescent. It was 
found necessary to use this relatively 


* Failed to meet requirement of Federal Specification SS-C-192, Non-air-entraining, type I, by exceeding the maxi- 


mum permissible percentage air content, by volume. 


TABLE II.—SIEVE ANALYSIS OF COMBINED 


AGGREGATES USED IN CONCRETES (40 
PER CENT SAND, 60 PER CENT COARSE 
AGGREGATE). 
Percentage 
Sieve size Retained 
No. 50... 9.7 
No. 100 4.0 
Pan 1.3 


ment pastes but was uncontrolled for 
tests of concretes. 


Neat Portland-Cement Pastes: 


Neat pastes with water-cement weight 
falos 0.32, 0.40, 0.55, and 0.70 were 
tested. In each case sufficient material 
"as mixed to provide about 1600 cu. cm. 
of paste. The capacity of the previously 
described paste container was approxi- 
mately 1300 cu. cm. The pastes were 
tand-mixed in a hemispherical bowl in a 


lengthy interrupted mixing procedure in | 
order to lessen the effect of “false set” ‘ 
tendencies observed for shorter, con- 
tinous mixing schedules. | 

The paste was carefully poured into | 
the container immediately following the 
second mixing period, and the comple- 
tion of pouring coincided with the starting 
time for each test. The preliminary 
operations outlined above in the descrip- 
tion of apparatus required 2 to 4 min., 
and the first observation was made 4 or 
6 min. after the starting time. Addi- 
tional observations were made at 2-min. 
intervals until 30 min. after the starting 
time and at 10-min. intervals thereafter 
until the cessation of bleeding. It was 
found that an inappreciable amount of 
bleeding occurred after the first 100 min. 
of a test. 

The schedule for mixing and ee 
observations was the same for all tests, | 
whether made by the carbon tetrachlo-— 
ride or float method. 

Two measures of bleeding were calcu- 
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capacity. 


_ during the initial 30-min. period. 


lated from the observed readings: the 
initial rate of bleeding and the bleeding 
Typical curves obtained from 
test data are shown in Fig. 3 in which 
cubic centimeters of bleeding water per 
square centimeter of paste surface, or 
centimeter of subsidence, are plotted 
versus time. 

Both bleeding and subsidence were 


T T T 
@®CCLa METHOD 
© FLOAT METHOD 
= 
50 w/C=0.70 
= 
'25-— 
a 
100 
Ls) 
W/C=055 
a 
= — 
s 0.75 
oO 
2 
J 
025r- 
w/C-0.32 
) 20 40 60 80 100 
TIME, MIN. 


Fic. 3.—Individual bleeding and subsidence 
curves for neat pastes made with cement C 
at various water-cement ratios. 

_ The differences shown are typical of the differences 
in magnitude of results obtained by the two test methods. 
The burette readings for the carbon tetrachloride method 


were divided by the area of the collecting ring before 
being plotted. 


found to occur at an approximately con- 
stant rate during the first portion of each 
test, which confirms the results reported 
by Powers.? The initial rate was simply 
the slope of the straight line passing 
through the plotted points observed 
The 
slopes were calculated by the method of 
least squares. For convenience the cal- 
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culated initial rate of bleeding js ¢x. 
pressed in millionths of cu. cm. per sq, 
cm. of paste surface per second for both 
the carbon tetrachloride and the ficat 
methods. The values obtained by both 
methods are expressed in comparable 
units. The values plotted in Fig. 3 for 
the carbon tetrachloride method, in 
cu. cm. per sq. cm., were obtained by 
dividing the burette readings actually 
observed by the area of the collecting 
ring, so that the bleeding curves obtained 
by both the carbon tetrachloride and the 
float methods might be plotted to the 
same scale of ordinates. 

The “bleeding capacity” is defined as 
the fraction of the initial volume of a 
paste that separated as bleeding water 
during the entire course of a test. For 
the carbon tetrachloride method the 
bleeding capacity was calculated as the 
ratio of the final burette reading (total 
volume of bleeding water) to the initial 
volume of the cylinder of paste directly 
below the collecting ring. The value for 
the bleeding capacity calculated from the 
subsidence data was simply the ratio of 
the total subsidence of the float to the 
initial height of the paste. (This is the 
same as the A H’ of Powers’). It is 
easily seen that values for bleeding capac- 
ity, expressed in cu. cm. per Cu. cM. 0 
paste for the carbon _ tetrachlorid 
method, and in cm. per cm. for the float 
method, are numerically equivalent 
For convenience, the bleeding capacit} 
is expressed in cu. cm. per cu. cm. for 
both methods. 

It was necessary to apply a correctio! 
to the observed total subsidence sinc 
the observations did not include the sub 
sidence which occurred during the firs 
4 or 6 min. after the start of a test. Thi 
correction was readily made by assuming 
that subsidence during the initial perio 
prior to the first observation occurté 
at the previously discussed constant rate. 
No ‘similar correction was made for 
bleeding data obtained by the carbon 


| 


| | 


tetrachloride method in tests of neat 


pastes. 


Bleeding tests of concretes were made 
by the carbon tetrachloride method only. 
The concrete mixes were designed for 
net water-cement weight ratios of 0.40, 
0.55, and 0.70. The cement factors were 


Concretes: 
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yield 1 cu. ft. of concrete. The inter- 
rupted mixing schedule for the neat 
pastes was also followed in mixing the 
concrete batches. Slumps were deter- 
mined for each batch by one operator, 
and a second operator began the fabrica- 
tion of the test sample immediately fol- 
lowing the mixing period. The concrete 
was placed in the container in three 


TABLE III.—INITIAL RATES OF BLEEDING AND BLEEDING CAPACITIES FOR NEAT PASTES MADE WITH 
EIGHT BRANDS OF PORTLAND CEMENT, AS DETERMINED BY THE CARBON TETRACHLORIDE AND 
FLOAT SUBSIDENCE METHODS. 


The “normal” center position for the collecting ring and float were employed. The three-inch collecting ring was 


used for all carbon tetrachloride tests except those made upon cements F, G, and H, for which the 2-in. collecting ring 
was used, Each value is a mean for three individual determinations. 


Initial Rate of Bleeding, . ‘ Coefficient of Variation, per cent 
millionths of cu. cm. per ae: Copatty, cu. 
sq. cm. per sec. Initial rate Capacity 
Ratio | Float | cc | Float | Batic: 
Method |Method| |Method| Method! | CCl | Float | CCk | Float 
Float | loat 
ie sitracenens 0.32 22 25 0.88 0.007 | 0.012 | 0.58 0.1 5.0 8.2 9.8 
0.40 55 67 0.82 0.024 | 0.032 | 0.75 0.4 2.4 1.8 75 
0.55 151 212 0.71 0.072 0.087 0.83 3.8 4.1 4.3 3.2 
0.70 296 395 0.75 0.151 0.132 1.14 1.4 3.3 1.4 2.3 
reece es 0.32 30 42 0.71 0.018 0.023 0.78 4.1 7.2 2.7 5.6 
0.40 72 91 0.79 0.044 0.050 0.88 2.0 4.7 y & 11.7 
0.55 214 268 0.80 0.116 0.142 0.82 3.7 4.0 £.§ 2.5 
0.70 518 593 0.87 0.210 0.222 0.95 2.1 2.6 5.4 2.4 
Cc 0.32 26 34 0.76 0.014 | 0.018 0.78 : 3.8 5.8 7.7 
0.40 60 78 0.77 0.036 0.047 0.77 2.4 3.3 2.3 3.9 
0.55 201 244 0.82 0.098 0.131 0.75 2.3 4.0 2.9 4.3 
0.70 500 520 0.96 0.173 0.201 0.86 0.5 6.3 1.4 3.0 
Eee 0.32 19 26 0.73 0.009 0.014 0.64 2.6 5.0 5.0 9.6 — 
0.40 53 62 0.85 0.028 0.036 0.78 1.9 1.8 1.7 2.2 
0.55 142 177 0.80 0.083 0.094 0.88 7.4 5.9 1.0 Ret 
0.70 389 405 0.96 0.161 0.192 0.84 0.8 4.4 1.1 3.1 
Mean, cements A through D................. 0.81 0.81 2.0 4.2 3.1 4.9 
| 0.40 81 0.043 1.4 1.3 
0.55 226 0.107 1.7 4.5 ae 
0.70 512 0.178 2.5 0.1 
_ pee 0.55 179 214 0.84 0.084 | 0.081 1.04 2.3 3.6 3.9 1.4 
0.55 187 236 0.79 0.089 | 0.116 | 0.77 2.9 4.9 2.4 
0.40 77 0.042 0.5 2.4 
| 0.55 232 0.116 4.7 0.7 ae 


adjusted to give a slump of 6 + 1 in., and 
the volume-ratio of sand to total aggre- 
gale was maintained at 0.40. Each 
aggregate batch was wholly immersed in 
water in an individual container for 24 
hr., after which water in excess of the 
quantity to be used in the mix was re- 
moved. The mixing was done in a rotat- 
ing tilted-drum mixer of 2 cu. ft. capac- 
ity, and sufficient materials were used to 


layers, and each layer was rodded 25 
times with a 3-in. diameter bullet-nose 
rod. The top surface of the final layer 
was made level by screeding. 

Bleeding rates were determined in the 
same way as for the neat pastes, using 
the appropriate constants based. upon 
the larger dimensions of the sample con- 
tainer and the collecting ring. In cases 
where the bleeding curve departed from 
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TABLE IV.—INITIAL 
CEMENT 


TETRACHLORIDE METHOD, 


A 3-in. collecting ring in the “normal” center position was used. 


ATES OF BLEEDING AND BLEEDING CAPACITIES FOR NEAT PASTES MADE WITH 
S DETERMINED BY DIFFERENT OPERATORS USING THE CARBON 


| Initial Rate of Bleeding, 3 Tests Bleeding Capacity, 3 Tests 
Coefficient of Coefficient of 
| Variation, Variation, 
2 3 Mean per cent 1 2 3 Mean per cent 
| Operator 
| For For 
——-—— | Each | Means, 
millionths of cu.cm. per | ~P¢t@ | Among | Opera- | Among 
sq. cm. per sec. tor | — cu. cm, per cu. cm. tor ang 
0.40 x | 80 80 | 82 81 1.4 0.043 0.044 0.043 0.043 1.3 
ee “1 76 86 | 80 81 5.2 0.038 , 0.037 | 0.037 | 0.038 | 1.6 | 
86 82 | 81 | 83 0.037 0.042 0.042 0.040 10.0 
82 1.3 0.040 | | $9 
a? Se 224 | 222 | 231 226 1.7 0.104 | 0.103 0.114 | 0.107 | 4.5 
| Wie 219 229 | 228 225 1.9 0.101 0.103 0.101 | 0.102 | 0.8 
|Z.. 244 | 237 | 239 | 240 | 0.7 0.134 | 0.123 | 0.116 | 0.124) 5.8 
| 230 3.0 0.111 | 8.6 
0.70 | | Ee 5 526 515 | 512 2.8 0.178 0.177 0.178 0.178 01 | 
ke 498 488 493 493 0.9 0.172 0.198 0.185 0.185 5.8 
| Z.. 516 507 497 510 2.3 0.184 0.184 | 0.178 0.182 1.6 | 
Mean... oe 1.6 | 0.182 | | 1.6 
Mean for 3 water-cement ratios................ 2.1 2.0 | | 3.5 | 5.4 


TABLE V.—INITIAL RATES OF BLEEDING AND BLEEDING CAPACITIES FOR NEAT PASTES MADE WITH 
EIGHT BRANDS OF PORTLAND CEMENT AS AFFECTED BY (1) THE EFFECTIVE DIAMETER OF THE 
PASTE CONTAINER (CARBON TETRACHLORIDE METHOD ONLY) AND (2) THE POSITION OF THE COL- 
LECTING RING OR FLOAT ON THE PASTE SURFACE. 


Each value shown is a mean for two or three individual determinations. 


. Size of Initial Rate of Bleeding, mil- 
Cement se 9 Po Collecting lionths of cu.cm. per sq. cm, 
Ratio ’ Ring, in. | per sec. 
Effective Container Diameter, in............. | 6 3 | 2 
| 0.40 | 55 54 | 
B.. 0.40 cch | 3 72 70 
0.40 3 60 | 56 
ee 0.40 CCh 3 53 50 - 
0.55 CCh 2 179 | | 179 
} | 
Position on Paste Surface of Collecting Ring | . 
or Float Center 
0.55 cch 2 187 
0.55 Float | 236 
0.40 CCl 2 77 
0.55 | 2 232 


Bleeding Capacity, cu. cm. 


per cu. cm. 
6 3 | 2 1 
0.024) 0.023 ... | 
0.044 0.038 
0.036 | 0.032) ... | 
0.028 | 0.025) ... | 
0.0384 | ... 0.081 | 9.073 
Center Edge 
0.089 0.089 
0.116 0.103 
0.042 0.042 
0.116 0.124 


@ Pronounced channeling was observed. The value given is a weighted mean of the ‘‘normal”’ rate, 0.000230 cu. — 
per sq. cm. per sec. observed during the first 10 to 18 min. (3 tests), and an increased rate due to channeling, 0.000. 


cu. cm. per sq. cm. per sec., observed during the remainder of the initial 30 minute period 
See Fig. 9 for bleeding curve. 


mally computed. 


during which the rate is nor- 


a 
| 


4 straight line before the end of the initial 
30-min. period, the calculation of the rate 
was based only upon the linear portion 
of the curve. In calculating bleeding 
capacities, a correction was applied simi- 
lar to that used in the calculations of 
subsidence data for neat pastes. The 
necessity for the correction apparently 
resulted from the removal of some of the 
bleeding water by the screeding opera- 


tion. 4 
RESULTS AND DISCUSSION 


Neat Portland Cement Pastes: 


The results obtained in bleeding and 
subsidence tests of neat pastes made with 
eight brands of portland cement are pre- 
sented in Table III. The “normal” 
position of the collecting ring or float, at 
the center of the paste surface, was em- 
ployed. Each value presented for the 
initial rate of bleeding and the bleeding 
capacity is the mean for a set of three 
determinations. Tests of pastes made 
with cements A through D at water- 
cement weight ratios of 0.32, 0.40, 0.55, 
and 0.70 form a series of parallel tests 
performed for the purpose of comparing 
the carbon tetrachloride and _ float 
methods. The results shown for ce- 
ments E through H were obtained during 
the course of tests made for the purpose 
of evaluating the container edge effect 
and the degree of reproducibility 
achieved by different operators. ‘These 
lest results are presented in Tables IV 
and V. All results shown in Tables III 
and V were obtained by one operator. 

Reproducibility of Results—Values 
presented in Table III, for the initial 
rate of bleeding and bleeding capacity 
for cements A through D, show a sys- 
tematic lack of agreement between the 
carbon tetrachloride and float test re- 
sults. For both rates and capacities the 
mean CCl,-float ratio was 0.81, indicat- 
ing that the values obtained by the car- 
bon tetrachloride method averaged about 


—— 


one fifth less than those obtained by the 


float method. Figure 3 shows individual 


bleeding and subsidence curves for pastes _ 
of various water-cement ratios made with 
The differences shown be- 


cement C. 


tween curves for each water-cement 


ratio paste are representative of the 


differences in magnitude of results ob- 
tained by the two test methods. 


may be discerned in the type of curves 
obtained. The individual initial rate 
values calculated from carbon tetra- 


chloride test data were lower than those 


calculated from subsidence data for every 


paste tested, but there was generally 
two 


better agreement between the 
methods for the 0.70 water-cement ratio 
pastes than for the other pastes. 


carbon tetrachloride test data were like- 


wise smaller than those obtained from 
subsidence data, except for cement A at 
0.70 water-cement ratio and cement F 


at 0.55 water-cement ratio. 

The degrees of reproducibility ob- 
tained in evaluating bleeding charac- 
teristics by both methods are indicated 
by the coefficients of variation’ presented 
in Table III. Each mean coefficient 
shown for cements A through D repre- 
sents 16 groups of three samples, or 48 
individual tests. Comparison of the 
mean coefficients indicates a somewhat 
higher degree of reproducibility for the 
carbon tetrachloride than for the float 
method, for both the initial rate of bleed- 
ing and the bleeding capacity. The 
initial rates were more reproducible than 
the capacities for both methods. 

Values for the coefficients of variation 
of the results of carbon tetrachloride 
tests of pastes made with cement E by 
three operators are shown in Table IV, 
and agree quite well with those shown 
in Table III for other cements tested by 

The standard deviation divided by the arithmetic 


mean and multiplied by 100 is the coefficient of variation 
expressed in per cent. 


It is 
significant, however, that no difference 


Values 
for bleeding capacity calculated from — 
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8 
FLOAT METHOD 


INITIAL RATE OF BLEEDING, MILLIONTHS CU CM PER SQ CM PER SEC 


| 
020 030 070 080020 030 080 
WATER-CEMENT WEIGHT RATIO 
'1G.4—Initial rate of bleeding versus water cement ratio for neat cement pastes tested by two 
methods. 
Each plotted point represents a mean for three determinations. 
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Fic. 5.—Bleeding capacity versus water-cement ratio for neat cement pastes tested by two methods. 
Each plotted point represents the mean for three determinations. 
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Fic. 6.—Application of the Powers bleeding rate equation, (Qc)3 = K3 (w — w,), in determining P. 
wi, the immobile water factor for neat cement pastes. : 

0 is the initial rate of bleeding; A is a constant for a given cement; and c is the volume of cement, w the 

volume of water, and w; the volume of immobile water, all in a unit volume of paste. If the equation is = 


plicable a plot of (Qc)* versus w should yield a straight line with an intercept on the w axis at w = w; and a slope 
of K*, Each plotted point represents the mean for three determinations. 
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CClL4 METHOD 
cathe, Values for A, the initial rate of bleeding and B, the bleeding capacity obtained by the 
“on tetrachloride method versus corresponding values obtained by the float method for neat 
cement pastes. 


Each plotted point represents means of three values obtained by each method. 
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the same method. ‘The mean value for 
i groups of three samples, or 27 indi- 
vidual tests, was 2.1 per cent for the 
initial rates, compared with 2.0 per cent 
in Table IIL. Corresponding mean 
values for the bleeding capacity were 
3.5 per cent in Table IV and 3.1 per cent 
Table III. 
Coefficients of variation for the mean 


values obtained by three operators for 


each water-cement ratio, which serve as 


X who made all of the determinations 
reported in Tables III and V. 

Different Ways of Representing Bleeding 
Data.—The relationships between the 
initial rate of bleeding and water-cement 
ratio are shown in Fig. 4 for both the 
carbon tetrachloride and float methods, 
The relationships between bleeding ca- 
pacity and water-cement ratio are simi- 
larly shown in Fig. 5. Figure 6 shows 
the application of the equation derived 
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indications of the relative reproducibility 
-among operators, are also presented in 
Table IV. Mean values for the rate of 
bleeding determined by the three opera- 
tors showed as good agreement as indi- 
vidual values determined by a single 
operator. Mean values for bleeding 
capacity determined by three operators 
did not agree as well as corresponding 
values for the initial rate. Operators 
_¥ and Z had no previous experience with 
the method used, in contrast to operator 


BLEEDING CAPACITY, CUCM PER CU CM 
Fic. 8.—Initial rate of bleeding tersus bleeding capacity for neat pastes made from 8 cements 
with water-cement weight ratios of 0.32 to 0.70, and tested by two methods. 
Each plotted point represents an individual determination. 


by Powers? for the initial rate of bleeding 
to the results of the present tests. In 
one form of the equation, (Qc)’ = K 
(w — w;), in which Q is the initial rate of 
bleeding, K is a constant for a givet 
cement (depending upon specific surface 
and other factors), and ¢ is the volume 0! 
cement, w the volume of water, and # 
the volume of immobile water," all 


10 This immobile water is the water that 1s held > 
tionary with respect to the solid particles, and —~ te 
not participate in the bleeding. For a more © 
discussion see Powers (footnote 2). 


not 
sib] 
of 


it volume of paste. When this equa- 
‘ion is valid a plot of (Qc)* against w for 
, given cement should yield a straight 
ne having an intercept on the w axis at 

= w; and a slope of K*. No weight 
as given to points for the 0.70 water- 
ement ratio (w = approximately 0.69) 
, drawing the best-fitting straight lines 
1 Fig. 6, since “‘channeled” bleeding, as 
istinguished from normal bleeding, usu- 
lly occurred for this water-cement ratio. 
values for the immobile water factor, wi, 
ndicated in Fig. 6, of 0.32 to 0.34, were 
tained for the carbon tetrachloride 
est results, and 0.31 to 0.34 for the float 
method. Each point plotted represents 
in average for three tests. 

Figure 7 indicates the degree of corre- 
ation between the two test methods for 
initial rates and bleeding capacities. The 
rrelation appears to be linear for the 
initial rates, and virtually linear for the 
capacities. 

The relationships between initial rates 
of bleeding and bleeding capacities, for 
both the carbon tetrachloride and the 
float methods are shown in Fig. 8. This 
figure appears to confirm the findings of 
Powers? that there is a good linear corre- 
lation between the two measures of 
bleeding, that is, between rates and 
capacities, for rates up to 300 millionths 
cu. cm. per sq. cm. per sec. and capacities 
up to 0.15 cu. cm. per cu. cm. Each 
point plotted in Fig. 8 represents results 
for a single sample of paste. 

The Boundary Friction Effect.—Re- 
uults and relationships for neat cement 
pastes, as obtained by the carbon tetra- 
chloride and float methods, and presented 
in Table ITT and Figs. 4 through 8, show 
4 general similarity, but also show an 
unexplained difference in magnitude of 
approximately 20 per cent. A_ brief 
study of the effect of container edge 
upon bleeding characteristics was made 
an effort to throw some light on pos- 
ible reasons for this difference. Tests 


af two types were made. —— 
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In the first type of test, used for the 
carbon tetrachloride method only, the 
diameter of the paste container was effec- 
tively reduced by artificially “adding” 
edge. This was done by using collecting 
rings which extended to the bottom of 
the container, as shown schematically in 
C and D of Fig. 2. The effective diam- 
eter of the container for this condition 
was equal to the diameter of the collect- 
ing ring. Still more edge was added, as 
shown in £ of Fig. 2, by placing a 3-in. 
length of 1-in. tubing upright upon the 
bottom of the container in a position 
concentric with the 2-in. ring and the 
container walls. The ratio of edge to 
paste surface was the same, in this case, 
as when the container diameter was 1 in. 

In the second type of experiment, both 
the carbon tetrachloride and float 
methods were used, and bleeding and 
subsidence were determined for the 
center and a point near the edge of the 
paste container, as shown schematically 
in F and G of Fig. 2. 

The results for both types of tests are 
shown in Table V. Each value given is 
the mean for two or three determinations. 
Pastes with water-cement ratios of 0.40 
and 0.55 were tested; most tests were 
made for the relatively low 0.40 water- 
cement ratio which was expected to 
exhibit more pronounced boundary fric- 
tion effects than the higher water-cement 
ratio pastes. Reducing the effective 
diameter of the paste container from 6 
to 3 in., for the pastes made with cements 
A through D, caused an average reduc- 
tion in initial rate of bleeding of 5 per 
cent and an average reduction in bleed- 
ing capacity of 10 per cent. Reducing 
the effective diameter of the container 
from 6 to 2 in. for the 0.55 water-cement 
ratio paste made with cement F did not 
change the initial rate of bleeding but 
caused a reduction in bleeding capacity 
of 4 per cent. Reducing the effective 
diameter to 1 in. caused a reduction in 


y 
| 


— 

— 

| | 
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initial rate of 3 per cent and a reduction 
in capacity of 13 per cent for this paste. 

In the small group of tests of the sec- 
ond type for pastes made with cements 
G and H, there was no reduction in bleed- 
ing rate calculated from carbon tetra- 
chloride test data when the position of 
the collecting ring was changed from the 
center of the paste surface to a point near 
the edge of the container. Instead, there 
was a somewhat higher rate near the edge 
than at the center, except for the 0.40 
water-cement ratio paste made with 
cement H, which gave the same rate for 
both positions of the collecting ring. 
Tests of the 0.55 water-cement ratio 
paste made with cement G by the float 
method indicated a rate of subsidence 
near the edge of the container appre- 
ciably smaller than at the center, thus 
confirming results which were described 
by Powers.? It is possible that some 
lateral re-orientation occurs during the 
settlement of the particles and is respon- 
sible for the nature of the results ob- 
served. Data of the type shown in Table 
V may explain only part of the difference 
between results obtained by the carbon 
tetrachloride and float methods. 

Channeled Bleeding—Channeled 
bleeding is distinguished from normal 
bleeding by the rupture of the paste 
structure by vertical channels ending at 
the paste surface in easily visible 
“craters.” For a given cement there 
appears to be a limiting water-cement 
ratio above which normal bleeding is 
supplemented by channeled bleeding. 
The velocity of flow through the channels 
is such that appreciable quantities of fine 
particles are carried in suspension by the 
bleeding water and are deposited at the 
channel openings. The result is a sur- 
face layer of a very high water-cement 
ratio paste which constitutes a definite 
plane of weakness in the hardened mate- 
rial. 

In the present tests, the surface of a 
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paste exhibiting pronounced channeling 
usually showed a concentration of pasi 


mounds resulting from channel opening 
near the container walls. A portion 
a bleeding curve, showing the effect 
channeling in causing an increased rate, 
bleeding after initial normal bleeding, j 
shown in Fig.9. It was obtained ina tes 
of 0.55 water-cement ratio paste mad 
with cement H, using the carbon tetr: 


T 
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= 0.000267 / 
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Fic. 9.—Individual bleeding curve (incomplete 
for a neat cement paste showing the 
effects of channeling. 


The sample was made with cement H at 0.55 water 
cement weight ratio and tested by the carbon tetrachloné 
method with the 2-in. collecting ring centered 1.25 
from the container wall. Note an increase of approu 
mately 25 per cent in the rate of bleeding after 18 m= 
at the initial rate. 


chloride method with the collecting rns 
near the container wall. The 0.70 water 
cement ratio pastes made with cement 
B, C, D, and E exhibited channeling 
but the effects for the center position 
the collecting ring were not pronounce? 

Since large quantities of concrete # 
normally used are made with water 
cement ratios sufficient to produce cha" 
neling, it appears that this phenomen® 
poses an important problem for the co 
créte technologist. 


| 
Yt: 


The Use of Liquids Other Than Carbon 
rérachloride as Displacement Media.— 
though the results obtained in the use 

carbon tetrachloride as the displace- 

nt medium were satisfactory, it was 
nsidered desirable to explore the use of 
ther liquids. Results of the use of some 


BLE VI.—RESULTS OF THE USE OF CARBON 
TETRACHLORIDE AND OTHER LIQUIDS AS 
)ISPLACEMENT MEDIA IN BLEEDING TESTS 
fF A NEAT CEMENT PASTE (WATER-CEMENT 
WEIGHT RATIO = 0.60). 


ate o 
Spe- | Approxi-|} Bleed- 
cific mate ing, Ca 8 
Displacement Gra- | Volume |_ mil- 
fedium vity | of Water) lionths | 
(at 77| Globule, | cu. cm. | C4: ¢™- 
cu. cm, | per sq. woe” 
cm. per 
cm. 
arbon tetrachloride..| 1.59 | 0.05 243 0.098 
236 0.101 
dibromoethylben- 
235 0.107 
dibromoethylben- 
zene-benzene mix- 
1.47 0.15 246 0.097 
237 0.104 
-dibromoethylben- 
zene-kerosene mix- 
145] 0.15 | 232 0.099 
dibromoethylben- | 
zene-kerosene mix- 
ture with wetting 
agent added?.......| 1.45 | 0.003 to) 237 | 0.105 
0.005 240 0.098 
letrachloroethylene...| 1.62 | 0.10 240 0.101 
232 0.096 
Mean for 11 tests with various liq- 
Coefficient of variation, per cent....| 2.6 | 4.3 


. Sold under name “Alkazene 42”” by Dow Chemical 
bu 


Chemical Carp, »’ made by American Cynamid and 


ol these liquids are given in Table VI. 
These results were obtained in tests of 
‘0.00 water-cement ratio neat paste, 
‘sing @ container 4 in. in diameter and 
3in. deep, in combination with the 2-in. 
collecting ring. The tests were per- 
‘med at 77 + 3F. In these tests the 
‘umerical values for bleeding rates and 
“pacities did not appear to vary sys- 
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tematically with the liquid used as dis- 
placement medium. It is probable that 
many other liquids would likewise give 
adequate results. It should be noted 
that by using mixtures of various liquids 
a medium of any specific gravity within 
the desired range may be obtained. It 
was also found that a wetting agent dis- 
solved in the displacement medium re- 
duced the average size of the bleeding 
water globule that, separates from the 
surface of a paste (Table VI). In the 
present type of test it is desirable that 
the volume of the globule not exceed the 
resolution of reading of the burette 
(0.05 to 0.10 cu. cm. in this case). 

All the liquids listed in Table VI are of 
a toxic nature, and most of the other 
liquids that may be used are probably 
toxic also. Because it is more volatile 
than the other liquids used, carbon tetra- 
chloride is the least satisfactory in this 
respect and requires the greatest precau- 
tions in handling. The following is a list 
of precautions which may be profitably 
applied to any of these or other toxic 
liquids: 

1. Exercise care in pouring the liquid 
over the cement-water mixture so as to 
not spill the liquid or breathe its vapor. 

2. When the test has been started, the 
exposed portion of the liquid surface 
surrounding the funnel should be kept 
covered for the duration of the test. 

3. Place a drain cock at the bottom of 
the space between the outer ring and the 
sample container in order to drain the 
liquid into a separatory funnel at the 
completion of a test. The liquid may 
then be separated from the bleeding 
water and used again. 

4. Do not use toxic liquids in confined 
or poorly ventilated spaces. The test 
should be performed under a hood if ade- 
quate temperature control can be main- 
tained. Both carbon tetrachloride and 
tetrachloroethylene are inexpensive and 
generally available. It is reported that 
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Application of the Carbon Tetrachloride 
Displacement Method to Concretes: 


The results of a series of carbon tetra- 
chloride bleeding tests of concretes made 
with cement E at 0.40, 0.55, and 0.70 
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experience in the dry cleaning industry 
points to tetrachloroethylene as the less 
hazardous with respect to toxicity.” 


volume of concrete and were calculate 
by using the value 3.15 for the speciic 
gravity of the cement. 
columns 7 and 10 for the initial rate ay 
bleeding capacity for a unit volume, 
paste in the concrete were calculated } 
dividing the values given in columns 6an; 
9 by the appropriate values in column 
The ratios given in the last two colum 


The values ; 


TABLE VIL.—BLEEDING DATA FOR CONCRETES MADE WITH CEMENT E COMPARED WITH DATA Fr 
NEAT PASTES MADE WITH THE SAME CEMENT AT CORRESPONDING WATER-CEMENT RATIOS‘ 


Initial Rate of Bleedi Ratio: Bleedi: 
millionths of cu. "B+ | Bleeding Capacity, cu. 
Volume cm. per sq. cm. per sec. Paste in Con 
Cement | Water- of Paste crete to B| 
Factor, | Cement Test in Unit Slum New 
bags Ratio, | Num- | Per | Per 
per cu. by ber ak Came 4 Unit | Unit 
yd. weight esete Con- | Volume Neat | Con- | Volume Neat ~ 
crete paste in| Paste | crete | Paste | Paste Initial | ¢ 
Con- in Con- Rate apa 
crete? crete uty 
8.9 0.40 1 0.355 7.0 28 79 0.0046 | 0.0130 
2 7.0 24 68 0.0040 | 0.0113 
3 6.0 28 79 0.0050 | 0.0141 
4 7.0 24 68 0.0049 | 0.0138 
26 74 81 0.0046 | 0.0130 | 0.043 0.87 | 0% 
Coefficient of variation, per cent............. 7.7 8.5 
6.0 0.55 1 | 0.288 | 6.0 68 236 0.0073 | 0.0254 
2 | 6.0 68 236 0.0070 | 0.0243 
3 | 5.5 61 212 0.0065 | 0.0226 
4 } 5.0 72 250 0.0061 | 0.0212 
67 234 226 0.0067 | 0.0234 | 0.107 1.04 0.22 
Coefficient of variation, per cent........... J 6.0 6.9 
4.6 0.70 1 | 0.259 5.5 182 705 0.0078 | 0.0300 
2 6.5 166 640 0.0095 | 0.0366 
3 6.0 201 775 0.0100 | 0.0386 
4 6.5 201 775 0.0111 | 0.0429 
Coefficient of variation, per cent............ | 7.8 | 12.4 


water-cement weight ratios, are pre- 
sented in Table VII. 
for bleeding data for corresponding neat 
pastes made with cement E, which 
appear in Tables III and IV, are also 
shown. 

The values in column 4 of Table VII 
indicate the volume of paste in a unit 


Average values 


uG. P. Fulton, National Institute of Cleaners and 
Dyers, Silver Spring, Md. (private communication, 1949), 


@ Bleeding data for neat pastes are mean values for three determinations obtained by Operator X, as shown in Tat 
Ill and IV. ; 

Bleeding data for a unit volume of paste in the concrete were computed by dividing each value obtained for ¢ 
crete by the volume of paste in a unit volume of concrete. 


were calculated by dividing the bleedi 
value expressed in terms of the pas 
content of the concrete (columns / 4 
10) by the corresponding values for | 
neat pastes (columns 8 and 11). If« 


crete is considered as a neat cement pas 


J 


with aggregate added, the ratios 
columns 12 and 13 indicate the effect 
the “additions” of aggregate upon O 
bleeding characteristics of the ™ 


— 
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Thus, for the 0.55  water- 
ment ratio, the initial rate of bleeding 
f the paste in the 6 bags per cu. yd. 
yncrete was virtually the same as that 
1 the corresponding neat paste. For 
ne leaner mix, the aggregate appeared 
) produce more rapid bleeding: the 
tio 1.42 indicates that the 0.70 water- 
ement ratio paste in concrete had an 
sitial rate of bleeding 42 per cent higher 


07 


21 to 30 per cent as much as the capacities 
for the corresponding neat pastes. 
Individual bleeding curves for neat 
pastes and concretes made with cement 
E are shown in Fig. 10. The data for 
pastes are expressed as cu. cm. per sq. 
cm. of paste surface. In order to show 
the bleeding data for the paste constitu- 
ent in the concretes, the data for con- 
cretes are expressed in cu. cm. per sq. 
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Fis. 10.—Individual bleeding curves for A, neat cement pastes, and B, cement pastes in concretes — 


of the same water-cement ratios and made with the same cement (E). 


The curves for pastes in concretes were obtained by dividing the values for bleeding per sq. cm. of concrete 
surface by the volume of paste per unit volume of concrete. Values calculated for initial rates of bleeding and bleed- 
‘mg Capacites are shown. The expedient of representing the bleeding of the paste only in a concrete in this manner 
was designed to show over-all effects of ageregate, and does not take into account the effects of aggregate in — 


increasing t 


than that of the neat paste of the same 
Water-cement ratio. 


It is seen that the bleeding capacity 
of the pastes in the concretes were only 


by eividing the initial rate of bleeding of a concrete 
2 ne volume of paste in a unit volume of concrete is 
employed here for comparative purposes 
4 : ay of this expedient is based upon the assump- 
the paste a fraction of 
Yo ae ction through any portion of a concrete equal to 
pt ye of paste in a unit volume of concrete. No 
a ee made to analyze further the bleeding 
=k oe in terms of the effect of the weight of aggre- 

ite sheng the forces causing bleeding, and the 
"pasite effect of the decrease in capillary radii in in- 


peasing the f isti : 
Powers (footnote 2). bleeding, as discussed by 


e forces causing and resisting bleeding. 


cm. of concrete surface, divided by the 
volume of paste per unit volume of con- 
crete (Table VII, column 4). Thus, the 
slopes of the initial portions of the bleed- 
ing curves (the initial rates of bleeding) 
as plotted are comparable for both neat 
pastes and concretes. ‘The final or 100- 
min. ordinates do not show comparative 
bleeding capacities as plotted because of 
the difference in depth of the sample con- 
tainers used in tests of pastes and con- 
cretes. The bleeding capacity may be 
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calculated in each case by dividing the 
100-min. ordinate by the appropriate 
container depth (7.7 cm. for the paste 
container and 26.7 cm. for the concrete 
container). ‘The similarity between the 
two 0.40 water-cement ratio curves is 
a coincidence resulting from the choice of 
these particular container depths. 

The effect of the addition of aggre- 
gate to a neat cement paste (in which 
sense concrete is considered here) is to 
increase or decrease the initial rate of 
bleeding of the paste, depending upon 
the proportion of aggregate added. The 
effect of such an addition upon the bleed- 
ing capacity is a highly arrestive one, 
causing relatively large decreases in 
bleeding capacity. The arrestive effect, 
which has been attributed to interference 
among aggregate particles as the mass of 
solids consolidates, may only appear to 
inhibit bleeding. If bleeding water col- 
lects at various points within the con- 
crete, the physical properties of the hard- 
ened material may be adversely affected. 
Therefore, a bleeding test upon concrete 
may not give a complete picture. More 
satisfactory data would be obtained in 
tests not only of the concrete itself but 
also of the corresponding neat paste. 

Any satisfactory bleeding test for 
concretes is more difficult to perform than 
an equally satisfactory test for neat 
pastes, and, therefore, a high degree of 
reproducibility should not be expected. 
Concretes require a much larger sample, 
and differences in moisture conditions 
and gradation of aggregates may produce 
wide variations in test results. 


SUMMARY AND CONCLUSIONS 


A simple apparatus has been devised 
which permits the collection and con- 
tinuous measurement of the bleeding 
water in portland cement water mixtures 
by displacement of the bleeding water by 
carbon tetrachloride. 

Tests of neat cement pastes with water- 
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cement weight ratios 0.32 to 0.70 by th 
carbon tetrachloride method and py 
observing the subsidence of a float places 
upon the paste surface produced bleeding 
curves of similar types. , 

Both the initial rate of bleeding and 
the bleeding capacity evaluated fro 
carbon tetrachloride test data average; 
about 20 per cent lower than correspond 
ing values calculated from subsidence 
data. 

The reproducibility of the carbo: 
tetrachloride method is indicated by ar 
average coefficient of variation of abou 
2 per cent for bleeding rates and some 
what above 3 per cent for bleeding capac- 
ities. Results obtained by different 
operators agreed virtually as well a 
those obtained by a single operator ir 
repeated tests. 

Experiments designed to evaluate th 
container boundary friction effect upo 
bleeding indicated that bleeding aw 
subsidence were not identical at 
points over the surface of neat pastes 
but did not fully explain the differenc 
in the magnitude of results obtained by 
the carbon tetrachloride and float test 
methods. Further work on boundary 
friction effects appears desirable. 

The carbon tetrachloride method wa 
applied successfully to concretes. Th 
bleeding capacity of the paste constituen! 
of concrete was found to be much smalle 
than the capacity of a neat paste of th 
same water-cement ratio. It appear 
therefore, that a test of concrete alor 
may give inadequate and misleadin; 
data. 

Although tests of mortars were mi 
made, the carbon tetrachloride metho 
should be easily applicable to such mu 
tures. 

It is believed that the opportunlt 
afforded by this method to exami! 
visually the bleeding water with referen 


to the concentration of suspended solid 
constitutes an advantage in evaluating 


the effects of bleeding. 
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LONG-TIME TESTS OF CONCRETE CONTAINING CEMENTS OF TYPES 
I, I, AND III UNDER VARIOUS STORAGE CONDITIONS* 


By W. J. McCoy! anp S. B. Hes! 


4 


SYNOPSIS 


This paper contains compressive strength data of j-in. gravel concrete up 
to 16 yr. for twelve cements each of types I, I, and III under three different 
storage conditions, namely, inside storage, outside storage, and 70 F. fog-room 
storage. The chemical analysis, potential compound composition and A.S.T.M. 
specification test data is tabulated for each cement. These tabulations permit 
the A.S.T.M. mortar strengths and other characteristics of these cements to 
be compared with the long-time concrete strengths. One interesting feature of 
the paper is the test data which show the performance of type III cements 
over a period of 16 yr. under various storage conditions. 


There has been relatively very little 
comparative long-time concrete test data 
published for type I, II, and III cements, 
especially where the physical and chemi- 
cal properties of the cements have been 
determined and the concrete specimens 
have been fabricated under closely 
controlled conditions. 

M. O. Withey” has published various 
articles on long-time tests of concrete 
conducted under his supervision at the 
University of Wisconsin. These reports 
deal chiefly with type I cement. An 
article on strengths of type III con- 
cretes up to 10 yr. was published in 
1942 by Louis Schuman. His studies 
were comprehensive but the paper did 
not include comparative tests with 
other types of cement. Comparative 
concrete test data for the various types 


* Presented at the Fifty-second Annual Meeting of 
the Society, June 27-July 1.1949. 
4 Jirector of Research and Research Engineer, re- 
‘vectively, Lehigh Portland Cement Co., Coplay, Pa. 
O. Withey, The Wisconsin Engineer, February, 
1918, November, 1920, February, 1936; 
fa Am. Concrete Inst., February, 1931; Withey 
endt, Journal, Am. Concrete Inst., February, 1943. 
Stre Shuman, “Ten-Year Tests of High-Early- 
Bere tment Concretes,”’ Journal of Research, Nat. 
U1. (RP 308 Vol. 29, No. 6, December, 1942, p. 


of cement have become available to 
us at our research laboratory and it was 
our thought that in view of the dearth 
of such information in the literature it 
might serve as a basis for a paper. 

In 1931 when high-early-strength ce- 
ment had begun to come into use and 
the A.S.T.M. had just published tenta- 
tive specifications covering this type of 
cement, a program of long-time tests 
of concrete containing the normal or 
regular (type I) portland cement of 
that time and this new type cement 
known as high-early-strength (type III) 
was started at our research laboratory. 
Later on in 1937 cements known then 
as dark or moderate heat and now as 


type II were included in the test pro- | 


gram. This program is now rather ex- 
tensive with various new type cements 
being added from time to time, but fur 
the sake of simplification and in order 
to have long-time test data available, 
this paper will cover only twelve ce- 
ments each of types I, II, and III. 
These selected cements include products 
of other producers as well as some 
Lehigh cements. 


| 
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TABLE I.—PROPERTIES OF TYPE I CEMENTS.* 
CuemicaL Test RESULTS, PER CENT 


6 In Ye table the following abbreviations are used: 
Surface. = Initial Set. 
N.C.= Normal Consistency. F.S. = Final Set. 


| | AlO:| CaO | SOs Loss | Total ina CS | CxS | 
3.65 | 5.91 | 63.55 | 3.64 1.65 2.20 | 99.40 3.63 | 0.31 | 66 4 9.5 
2.39 | 5.47 | 64.65 | 3.88 | 1.70 0.87 | 99.46 2.40 0.20| 62 | 11 | 10:3. 73 
2.80 | 6.52 | 63.35 | 3.16 | 1.49 | 1.07 | 98.87 1.86 0.21} 50 | 21 | 42°3) 4's 
2.81 | 6.25 | 63.50 | 3.13 | 1.52 | 0.69 | 99.34 1.33 0.09 | 45 28 11.8 | 
2.74 | 6.62 | 64.40 | 2.19 | 1.76 | 0.99 | 99.32 | 1.95 | 0.10 | 52 | 20 | 12:9) 43 
3.31 6.13 | 63.70 | 3.12 | 1.39 | 0.74 | 99.53 0.80 0.21| 49 | 24 | 10:7! 195 
2.72 6.48 | 62.73 | 2.07 | 1.77 | 2.96 | 99.49 | 1.30} 0.18 | 45 © 26 | 126 3 
2.54 | 6.76 | 61.76 | 3.10 | 1.69 | 1.07 | 99.04 | 0.56) 0.14) 29 | 41 13.5 7 
2.34 | 5.86 | 63.89 | 3.17 | 1.59 | 0.92 | 99.43 | 0.74 0.11 | 48 | 26 11.6. 7) 
3.07 | 4.53 | 63.17 | 3.43 | 1.76 | 1.06 | 99.40 He 0.29! 47 | 29 6.8) 93 
2.16 | 6.05 | 62.73 | 3.49 | 1.60 | 1.71 | 99.11 0.17) 45 | 28 | 124) 
2.15 6.16 | 62.94 | 3.64 | 1.78 1 0.88 | 98.88 | 0.86 10.16 45 28 12.7. 
PHYSICAL Test RESULTS 
| Tensile St th, psi. |Passing No. ‘Mitel } 
200 Sieve, | Expansion, N.C |Gillmore Nee, 
“1 day 3 day | 7 day | 28 day | Ls. FS 
133 235 293 338 90.7 | disintegrated? 23.5 | 4:15 | 7:10 
127 213 312 383 89.4 | disintegrated® | 23.0 | 4:05 
102-233, 283 432 96.5 0.35 25.0 | 4:45 | 7:25 
92 193 285 378 | 90.8 0.27 23.5 4:50 7:30 
110 250 332 443. | 94.0 5.50 | 24-0 | 4:35 | 7:30 
83 188 285 405 | 86.9 0.12 21.5 4:10 | 6:55 
Pe resem 172 270 340 455 | 90.5 0.10 23.0 2:20 | 4:40 
| 63 185 255 405 | 92.0 0.17 24.0 3:10 6:10 
137 238 328 443 95.7 0.10 23.5 4:20 6:50 
182 252 327 440 97.2 0.20 25.0 4:10 6:4 
128 252 313 428 91.3 0.21 24.0 4:30 6:45 
> 147 280 | 344 442 91.0 0.24 24.0 4:20 | TAS 
* In this table the jiiaiing abbreviations are used: N.C. = Normal consistency. I.S, = Initial set. 
= Final set. 
» Sound by steamed pat test. : 
TABLE IIL.—PROPERTIES OF TYPE Il CEMENTS.4 
iCHEMICAL Test Re SULTS, PER CENT 
Sample SiO: | FeO: ALO: | CaO | MgO | SOs | Loss | Total Insol.| | | CsA | CAF 
25 20.84 | 5.06, 6.30 61.06 2.85 | 1.79 1.14 99.08 0.44 0.11 36. 33. BA 
er 21.50 | 4.02 5.58 | 62.82 | 3.04 | 1.71 | 0.75 | 99.42 | 0.28 | 0.09 44 29 «8.0 12.2 
27 22.16 | 4.22 5.18 62.85 2.97 1.62 | 0.57 | 99.57 | 0.27 | 0.12 4 32 6.6 13.1 
eee 21.56 | 4.31 5.07 62.81 | 2.83 | 1.68 1.28 | 99.54 0.62 | 0.12 47 27 | 6.2 | 15.4 
eer | 21.70 | 4.09 5.11 62.35 | 4.10 | 1.54 | 0.64 | 99.53 0.22 | 0.05 45 28 6.6 124 
Pree 21.80 | 4.33 5.07 62.51 | 3.48 | 1.53 0.65 99.37 0.15 | 0.07 44 29 | 6.1 =| 13.2 
21.48 | 4.65 5.63 62.33 2.87 | 1.61 | 0.48 99.05 | 0.29 | 0.10 41 30 | 7.1 
ivtesatees 24.56 | 3.26 4.00 63.40 1.78 1.66 | 0.63 99.29 0.29) 0.11 35 44 5.4 99 
Ree 21.14 | 4 31 5.47 61.94 | 4.17 | 1.67 | 0.73 | 99.43 | 0.27 | 0.06 44 28 | 7.2 | 13.1 
easieestes 22.60 | 4.37 5.29 | 63.09 1.76 , 1.54 0.58 | 99.14 0.38 | 0.09 39 36 (6.6 134 
ee 22.52 | 4.02 4.66 | 63.70 1.76 | 1.79 0.72 | 99.17 | 0.23 | 0.23 46 30 5.6 12.2 
| 23.64 | 3.18 | 4.22 64.72 | 1.67 | 1.45 | 0.73 | 99.61 0.14! 0.13) 47 | 33 | 97 
Puysicat Test Resutts 
| 
ple Tensile Strength, psi. Compressive Strength, psi. — N.C. 
per cent _|percent; mia. : . 
95 iday 3day 7day 28day 1day 3day 7day 28 y 28 day| 88.8 1899 0.041 | 22.5 
le . 132 233 295 425 403 887 | 1830 | 3929 93.0 19)9 | 0.075 23.5 pe 30 
127 253 390 513 475 1430 | 2380 | 458) 9).7 187) 0.052 24.0 
120 263 343 | 500 | 394 1170 2170 | 4940 93.8 1810 0.070 | 24.0 be 5:45 
135 305 | 372 515 599 1660 2520 | 5970 92.2 192) 0.085 23.5 sh 3.00 
133 | 288 | 357 | 510 | 394 | 1120 | 2170 4949 | 997 1829 | 0.072 | 2:3) 
130 275 367 | 498 407 1140 2020 | 4429 94.0 189) 0.072 24.0 a 5-15 
92 267 | 358 | 475 322 947 | 2089 | 4639 | g24 1840 0.093 | 23.5 4.30 6:30 
105 245 293 | 460 358 1040 1450 | 2280 95.5 188) 0.093 24.5 45 rs 0 
127 | 288 | 350 | 485 | 450 | 1140 | 2150 455) 193) 0.024 | 24.0 
115 253 | 353 | 465 380 | 1243 | 2260 , 4770 97.2 188) 0.010 28.0 3.00 $.00 
‘0. = sen 175 342 395 497 | 693 1620 | 2289 418) | 99.3 1605 0.094 | 22.5 4S | 15 
128 278 382 | 495 | 430 1270 | 1869 3679 
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TABLE III.—PROPERTIES OF TYPE III CEMENTS.* 
CuemicaL Test RESULTS, PER CENT 
Sample SiOz Fe:Os | AlO:| CaO | MgO} SOs | Loss | Total | Insol. | C3S | CS GA (car 
| 18.26 | 2.88 | 6.78 | 64.33 | 3.24 | 2.31 | 1.33] 99.11 | 2.11 | 0.13 | 67 | 2 | 13.1] 8.8 
19.60 | 2.30 5.44 | 65.39 | 2.23 | 2.42 | 1.32 | 98.70 | 2.78 | 0.61 71 =| #3 10.5 7.0 
15 18.84 | 2.77 7.09 | 61.68 | 3.05 | 2.69 | 2.35 | 98.47 | 1.64 | 0.46 49 17 14.1 8.4 
. 16 18.86 | 2.73 | 7.21 62.30 | 3.12 | 2.45 | 2.21 | 98.88 2.10 | 0.37 51 16 14.5 8.3 
17 18.64 2.78 7.14 | 62.16 | 3.07 | 2.77 | 2.20 | 98.76 | 2.21 | 0.66 52 15 14.2 $.5 
». 18 18.26 2.66 7.32 62.19 | 2.92 | 2.54 | 3.13 | 99.02 | 1.93 0.40) 54 | 12 | 14.9| 8.1 
19 19.16 2.29 6.43 64.00 | 3.30 | 2.45 | 1.74 | 99.37 | 1.08 | 0.14 62 9 | 13.2] 7.0 
0 19.92 2.64 | 6.60 62.59 | 2.64 | 2.45 | 2.53 | 99.37 | 1.37 0.12| 48 | 21 | 13.0| 8.0 
7 19.14 2.48 | 6.72 | 62.09 | 3.40 | 2.50 | 2.90 | 99.23 | 0.95 0.90) 52 | 16 | 13.6) 7.6 
2 20.30 3.61 | 6.09 | 62.20 | 1.72 | 2.47 | 2.92 | 99.31 | 0.86 | 0.26 46 | 24 | 10.0 | 11.0 
0, 23 19.20 | 2.15 5.85 | 65.01 | 2.24 | 2.32 | 2.24 | 99.01 | 2.39 | 0.57 70 2 11.9 6.6 
24. 19.58 3.05 | 7.05 63.60 | 1.98 | 2.28 | 2.29 | 99.83 0.98 0.09) 17 | 13.5) 9.3 
PuysicaL Test ResuLts 
| | Time of Set, 
| Tensile Strength, psi. | Passing No. | Autocalve Gillmore Needle, 
Sample 200 Sieve, {| Expansion, N.C, min.: sec. 
1day  3day | 7 day | 28 day | | LS. | FS 
0. 13 258 395 432 460 | 99.1 0.17 25.0 4:10 7:00 
0. 14 277 363 415 425 97.2 0.13 25.0 4:25 7:25 
0. 15 295 388 405 477 98.1 9.35 24.0 | 3:45 5:45 
0. 16 232 350 405 465 96.8 0.44 25.0 | 4:45 7:35 
0.17 283 370 435 462 96.5 0.48 24.0 2:35 4:15 
0. 18 283 368 482 515 96.9 0.19 23.0 3:25 6:00 
0.19 278 413 450 520 98.9 0.08 24.0 3:25 7:00 
0. 20 250 357 432 540 94.7 0.03 24.0 3:25 6:10 
‘0, 21 263 412 455 415 98.3 0.03 24.0 3:00 $:35 
0. 22 240 367 440 $05 | 98.0 0.04 25.0 3:50 8:05 
‘0. 23 292 387 465 475 96.9 0.04 25.0 3:40 5:55 
0. 24 255 353 453 475 96.4 0.06 24.0 | 3:30 | 5:55 
* In this table the following abbreviations are used: 
N.C. = Normal Consistency. -F.S, = Final Set. 
1S. = Initial Set. 


The physical and chemical properties 
of these 36 cements are given in Tables 
I, II, and III. It should be pointed out 
that the potential composition is cal- 
culated from the chemical analysis 
according to the formulas given in 
AS.T.M. Specification C 150 — 47.4 

It will be noted that Tables I and 
II do not contain test data for compres- 
‘we strength of mortar or Wagner 
specific surface because the concrete 
ylinders were made prior to the in- 
“usion of these methods in the A.S.T.M. 
‘yecilications for the respective type 
land type ITI cements. 


Test 


The concrete specimens were made 
with the same proportions, materials 
and fabrication procedure in so far as 
feasible. The general provisions of A.S.- 
T.M. Standard Method C 39 — 27° were 
followed making 3 by 6-in. cylinders 
for the test program. Fixed quantities 
of Delaware River sand (passing the 
No. 4 sieve) and #-in. to No. 4 Delaware 
River gravel were hand mixed into 
concretes containing approximately 6.25 
bags of cement per cu. yd., each mix 
was adjusted to a 70 per cent flow 


ieee (equivalent to about 6-in. slump). The 
ian’, Specifications for Portland Cement (C 5’ Standard Methods of Making Compression Tests of 
Patt Hf, p 7 Supplement to Book ot A.S.T.M. Standards, Concrete (C 39-27), 1927 Book of A,S.T.M. Standards, 


Part II, p. 112, 


—_ 
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size gradation of the sand and coarse 
: aggregate was closely controlled by 


sieving and various 
fractions. 

The net water-cement ratio for the 
concrete specimens fabricated in 1930- 
1931 and containing types I and III 
cements varied slightly according to 
consistency requirements but approxi- 
_ mated 0.87 on a volume basis which is 
_ equivalent to about 6.5 gal. per sack. 
The concrete specimens containing type 
IL cements that were started in 1937- 
1938 were made up with these same mix 
_ vroportions and contained 6.25 bags 
of cement per cu. yd., but a fixed water- 
cement volume ratio of 0.80, or 6 gal. 


a sack, was employed. On the average 


recombining 


_ this represents a departure of less than 
0.5 gal. per sack from the test series on 
_ types I and III cements. 
For ages of less than 28 days all 
_ specimens were moist cured; these speci- 
mens in groups of three were obtained 
from different batches made on different 
days. Actually more data were recorded 
up to 28 days than shown in the tables, 
but these were omitted because of their 
non-essential character. The long-time 
test cylinders were reserved in groups 
of three for each age and test condition 
so that one in each group had been 
hand mixed by each of three different 
operators, usually on different days. 
For each cement a total of 72 specimens 
_ were subdivided for continual fog curing, 
_ and for both indoor and outdoor storage 
after a 7-day curing period. The inside 
storage on concrete shelves in the labo- 
ratory was under general conditions of 
low humidity, particularly in winter- 
time, while the specimens stored outside 
were placed on steel gratings on a flat 
roof exposed to the weather. Thus the 
latter 3 by 6-in. cylinders are estimated 
to have been subjected to at least 50 
cycles of natural freezing and thawing 
~ each year. Concrete compressive strength 
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tests are reported for 1, 7, and 28 days 
with standard curing and at age 3 
months, 1, 2, 4, 8, 12, and 16 yr. under 
the described conditions of storage. In 
the case of the type II cements only 
8-yr. test results are available for this 
report, the specimens having been pre. 
pared in 1937 and 1938. 

In 1935 it became apparent that 
variations in the moisture content of 
the cylinder specimens at the time of 
test would be reflected in comparisons 
of test results at different ages. In 
consideration of this uncertainty it was 
decided that specimens other than those 
in moist storage should be soaked in 
water 24 hr. before testing. Notations 
have been made in the tables to show 
when these changed test conditions 
apply. The change in method was 
believed to be justified because it 
brought about a more _ reproducible 
state of saturation independent of 
weather conditions. It will be noted in 
the tabulated results that a wetter 
condition of test often is a possible 
explanation of an apparent lowering 
of strength in successive tests. 


Test RESULTS 


The compressive strengths of the 
concretes made from the various ce- 
ments have been listed in Tables IV, 
V, and VI for types I, III, and II ce 
ments, respectively. In practically all 
cases each value is the average for three 
test specimens. A detailed examination 
of 126 complete sets of compressive 
strength data for two cements of each 
type showed an average maximum 
deviation of 4.41 per cent. The maximum 
deviation exceeded 10 per cent in only 
4 per cent of the 126 sets examined and 
in no case exceeded 12 per cent. 

The main significance of these data 
is to indicate concrete strength char- 
acteristics for these three types of 
cement when stored under the given 
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TABLE IV.—TYPE I CEMENT CONCRETE. 
Compressive concrete strengths of 3 by 6-in. cylinders, psi. 


Damp Room StToRAGE 


| 
7 day | 28 day |3month| 1 yr. 2 yr. 4 yr. 8 yr. 12 yr. | | 16 yr. j 
2540 | 4370 | 5340 | 5300 | 5220 | 6040 | ss60 | ssgo | 6370 
2650 | 4870 | 5200 5860 | 5870 | 6110 | 6150 | 7060 | 7050 
2300 | 4810 | 6000 6120 | 5760 | 6000 | 6210 | 6820 | 6840 
2010 | 4350 | 5350 5750 | 5460 | S680 | 6120 | 6240 | 6130 
2550 | 4840 | 5340 5360 | 5610 | 6220 | 5890 | 6330 | 6380 
1660 | 3940 | 5260 5720 | 5910 | s6so | 5430 | 5900 | 5690 
, 3020 | 5070 | 5790 5770 | 6370 6870 | 7000 | 6710 
1920 | 4710 | 5960 5860 | 6360 | 6760 | 7150 | 6620 | 6700 
2780 | 4900 | 5360 6040 | 6620 | 6550 | 7290 | 7270 | 7410 
5130 | 5710 6790 | 6990 | 6909 | 6810 | 7290 | 7620 
2930 | 5150 | 5150 6090 | 6290 | 6590 | 6100 | 7030 | 6840 
: 2610 | 4240 | 5100 5660 | 5870 | 5950 | 6390 | 7000 | 6820 
Average......----| 450 | 2540 | 4700 | S460 5860 6030 6270 | 6330 | 6700 | 6710 
InpDoor StorAGE (LABorATORY Arr) AFTER 7-DAYS CURING 
Cement 3 month 1 yr. 2 yr. 4 yr. 8 yr. 12 yr. 16 yr. 
3740 4060 4170 4840 5180 
3680 4090 4200 4950 5340 50404 5440 
3220 3610 3920 4310 5150 49704 5380 
2660 3040 3310 3530 4150 37604 4030 
3650 3840 4230 4980 5550 47607 5560 
; 2500 2690 2980 3080 3770 32104 3430 
4260 3860 4450 44007 5050 5470 
t 3030 3140 3450 32007 3880 4620 4920 
ale eit 3460 3700 4100 3820° 4390 5370 5300 
4520 4780 4210° 5260 5510 5600 
No. 11 3730 4190 4600 41707 4760 5310 5630 
f 3180 3500 3880 39307 4630 4870 
Ourtpoor StoraGE (NATURAL WEATHERING) AFTER 7-DAYS CURING 
J Cement 3 month 1 yr. | 2 yr. 4 yr. 8 yr. 12 yr. 16 yr. 
No. 1 4860" 5660 5140 6020 5130 51804 5060 
No. 2 4740 5820 5350 5480 4980 51304 5420 
No. 3 4030 4570 5540 5550 5320 55404 5560 
No. 4 4590 4650 4780 4880 52104 5190 
e 4300 5120 5410 5100 4390 48407 4230 
3650 4520 5110 5430 4380 44607 4750 
4580 5170 5900 52607 5160 5910 5620 
4150 5000 5420 60107 5650 6530 5930 
4470 5360 6430 61707 5420 5750 5480 
4980 6170 6220 68607 6580 6770 5360 
4760 6160 6120 58102 5310 5440 4470 
No. 12 ye 4090 5590 6090 5580* 4980 6550 5580 
4310 5310 | 5620 | 5670 5180 | 
} Specimens soaked in water 24 hr. before test at this age and thereafter. 
. Average of 2 tests after 3 months for cement No. 1 
" conditions for long periods of time. 36 test specimens which includes three 
These strength characteristics are il- specimens for each of twelve different 
n | . 
" ustrated by six age-strength charts in cements. Although there may be some : 
" which the strength values used are the questions raised about the significance 
arithmetic means obtained by averaging of these average values, they appeared to 
the concrete strength data for the twelve be the best practical way to summarize 
‘ments at the various ages. In other _ the findings of the test program. Actuall 
words each point on these charts is each cement tested is a separate series 
the average concrete strength value for in itself and it can readily be seen from 
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TABLE V.—TYPE III CEMENT CONCRETE. 
Compressive concrete strengths of 3 by 6-in. cylinders, psi. 


Damp Room STORAGE 

Cement 1 day 7 day 28 day 3month 1 yr. 2 yr. 4 yr. 8 yr. 12 yr. 16 yr, 
NN aries Aa 1270 4830 6070 6500 6190 5930 6090 6470 6400 6570 
1330 4970 5799 6150 6550 6370 6270 6660 6690 6710 
Oe | See 1130 3440 4850 5440 5650 5700 5920 6030 6470 6140 
1040 3550 4960 | 5720 6260 6400 6500 6310 6630 | 6660 
ST Se 1380 3700 5210 5660 5890 6050 6180 6260 6310 6450 
1260 3880 5100 5610 5630 6180 6580 6730 6850 6850 
1290 4460 5710 6360 5980 6350 6370 6690 6870 7000 
RE Sea 982 4250 5790 6720 6590 7070 6990 7100 7260 7110 
Se eee 1230 4890 6180 6810 6550 6650 6940 6890 7220 7330 
eae 1040 3890 5770 6710 6309 6870 7240 7180 7400 7340 
No. 23 1209 4950 6370 6250 6560 6710 6620 6990 6910 
Seer 1080 5080 6320 6450 6430 6580 6840 6720 7320 6770 
Average..........| 1190 4320 5640 «6210s 190 6390 6550 | 6649 | 6870 | 6820 

InpoorR STORAGE (LaBorRATORY AIR) AFTER 7 DAYS CURING 
Cement 3 month 1 yr. 2 yr. 4 yr. 8 yr. 12 yr. 16 yr. 
5370 5250 5670 6080 7160 65104 7020 
5090 5110 5390 6030 6720 6270* 6670 
4840 5180 5390 5820 6030 56807 6420 
4830 528005650 5990 6840 61607 6380 
5040 5590 5930 6270 6780 6170 6540 
OF ere 5340 5060 5470 4680" 4870 5650 5690 
5620 5660 6240 5260% 6080 6170 7060 
nnn 5620 5360 6220 5260% 5860 6160 7040 
5930 5600 6060 5040% 5820 6720 6820 
rr 5810 5510 6369 50104 5660 6250 6890 
5180 5010 5560 46907 5440 6450 6600 
6340 6470 6300 56507 6320 6900 7110 
5420 5420 5850 5480 6130 6260 669 
OuTpoorR STORAGE (NATURAL WEATHERING) AFTER 7 DAYS CURING 
Cement 3 month 1 yr. | 2 yr. 4 yr. 8 yr. | 12 yr. 16 yr. 
6580 5520 6180 6190 5980 5420* 5530 
6760 5570 5880 6040 5240 4680% 4780 
5140 5180 5150 6250 4790 5790% 5800 
5550 5570 5770 6350 5400 5130* 5780 
5730 5530 5690 6340 5570 5200% 5280 
4940 5180 | 6560 64807 6940 6590 6320 
6000 6040 | 6380 6350% 5520 5480 5520 
6280 5500 6950 66904 6780 6070 70 
7140 5980 6710 6650" 6100 6700 6420 
6060 5630 6720 66007 6730 6950 7000 
6330 5380 6260 6240% 6340 | 6990 6810 
6150 6080 6420 6600" 6260 6930 6480 
. Average ; 6060 5600 6220 6400 5970 5990 5990 
4 Specimens soaked in water 24 hr. before test at this age and thereafter. 
a study of the tables that there are Figures 4, 5, and 6 show the average 
marked differences among some cements — strengths for the three types of cement 
according to their various chemical when in fog room storage, indoor storage 
_and physical attributes. and outdoor storage, respectively. 
Figures 1, 2, and 3 illustrate the : 

5 DISCUSSION OF RESULTS 
effect of the various conditions of curing 
on the long-time concrete strengths for The lines of Fig. 1 chart the — 
cements of types I, III and MII, progression of average strength of “ 
_ respectively. twelve type I cements under ideal an 


| 
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TABLE VI.—TYPE II C 
Compressive strengths of 3 


TS OF CONCRETE 


EMENT CONCRETE. 
by 6-in. cylinders, psi. 


Damp Room STORAGE 

Cement 1 day | 7day | 28day | 3 month | 1 yr. 2 yr. 4 yr. 8 yr. 

| 
320. | «1620 3730 5310 5510 5690 6250 6400 
423 | 2270 | 4720 | 5310 | 5690 | 6480 6780 7220 
oe tires ra agoerinws | 402 | 2120 | 4720 | 5840 | 6100 | 6580 6960 7260 
4790 | 5680 | 5820 6460 6520 6740 
- 2a | 435 | 2260 5300 6110 | 6450 | 6360 6590 6860 
4610 5790 5980 6430 6750 6550 
286 2290 5370 5900 | 7050 6570 6990 7050 
390 2870 5570 | 6470 6920 | 7030 7270 
| 452 2400 | 4530 5810 6140 6440 | 6390 7070 
436 | 2390 | 4120 5610 6000 6390 6800 6860 
588 2140 «4130 4910 | 5750 6750 | 6710 6640 
367 2030 3450 | 5350 6110 6240 6660 6740 
| 430 | 2130 | 4360 | S600 | 6090 6440 6700 6890 


Inpoor StorRAGE (LABORATORY AIR) AFTER 7 DAYS CuRING® 


Cement 3 month 1 yr. 2 yr. | 4 yr. 8 yr. 
2830 3140 3800 | 3830 * 4270 
3640” 2920 3220 3850 4380 
3550” 2810 3170 3620 4420 
2970 2990 3510 3740 4460 
2490 2640 2870 3060 3860 
2550 2550 3020 3750 3950 
2510 2540 2810 } 3540 3930 
2100 2200 2330 | 3010 3310 
2790 2970 3200 3920 4160 
2470 2410 2850 | 3220 3740 
3050 3200 3300 4010 4110 
2160 2330 | 2630 | 3020 3350 

3060 | 


Average......... 2760 2730 


3550 4000 


tel 


Cement 3 month 1 yr. 2 yr. 4 yr. 8 yr. 
3960 4130 4480 5330 5640 
4360 5030 5200 5400 5620 
4360 5020 5540 6060 6720 
4330 4660 4520 | 5090 5790 
4650 5270 5370 5430 | 6070 
3740 5200 5640 5830 5940 
4560 5440 5430 6590 6190 
3620 4120 4970 5860 6340 
3900 4620 5520 5960 5780 
3280 5030 5320 5600 5530 
4690 4910 5520 5770 5960 
3340 4650 4780 5430 5350 

5190 | 5690 5910 


4070 4840 


<All specimens soaked 24 hr. in water before test. 
Tested air dry. 


practical methods of curing. The indoor 
Storage under generally dry conditions 
S$ seen to have arrested curing and 
materially delayed the development of 
strength; concrete stored outdoors took 
about two years to nearly attain the 
Strength of standard curing. 

Figure 2 demonstrates one of the 
chief benefits of high-early-strength ce- 


close together. This means that with 


type III cement high strength values 


can be realized with a short curing 


period. Incidentally, we believe that 


the acceptable progression of all cements: 


in damp storage, as shown in Table V 


errors in testing procedure or equipment 


_@ 
precludes the possibility of systematic — 


- 
— 
No, 25.... 
No. 26.... 
Ne. 27.... 
No. 28... 
No. 29... 
No. 30... 
No, 31... 
Na. 32... 
No, 33. . 
No. 34 
No. 35 
No. 36 
No, 25.. 
No. 26... 
No. 27... 
No. 28... 
No. 29... 
No, 30... 
No. 3... 
No. B... 
No. 
No. 
No. 36... 
a ment hecauce all three trend linec are co 
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@ Feg Room 
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day 7 days 28 days  3months lyr, 2yr. 4yr i6yr 
! ‘ 
Age at Test, log scale y 


Fic. 1.—Effect of Storage Conditions Shown by Average Strength | 
Values for Concrete with Type I Cement. (Nos. 1-12.) 
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Compressive Strength, 3 by6 in. Cylinders, ps: 


2000 Storage 
@ Fog Room 
/ 4 Indoor 
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0 | 
7 days 28days 3months lyr 4yr l6yr 


r 
Age at Test, log scale ey 


Fic. 2.—Effect of Storage Conditions Shown by Average Strength 
Values for Concrete with Type III Cement. (Nos. 13-24.) 


or any other changes brought about by Table V, cement No. 14 does not possess 
~ changes in personnel or the passage of a good resistance to weathering and 4s 
time. Therefore the variations taking a result appears to be falling off some- 
place in specimens stored outdoors what in strength, but it should be re 
appear to involve the relative resistance membered the specimens broken during 
of the various concretes (or the respective _ the last eight years were broken wet. 
cements) to natural weathering. It The twélve type II cements in Fig. 3 
can be pointed out that according to are of later vintage and naturally re 
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_ Fic. 3.—Effect of Storage Conditions Shown by Average Strength 
Values for Concrete with Type II Cement. (Nos. 25-36). 
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4000 }#—— Type 111 
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3000 


Compressive Strength, 3 by 6 in Cylinders, psi 


2000 / 


1000 


Cement 
@ Type | (1931-32) 
Type Ill (1931) 
& Type Ii (1937-38) 


0 


7 days 28 days 


flect some of the improvements in 
cement technology and_ specifications 
which developed during the decade 
before 1937. The duration of the test 
petiod is more limited but, based on the 
Syr. test results, all these cements have 
good strength records under each of 

three storage conditions. The con- 


Age at Test, log scale 


Fic. 4.—Age-Strength Relation for Concrete with Types I, II, and 
III Cements in Fog Room Storage. 


3 months lyr, 2yr Byr 


trast of the lines for different modes of 
storage is interesting and, as might be 
expected, the slow hydrating character 
of the “moderate heat” or type II ce- 
ments develops strength trends opposite 
to the ones discussed for high-early- 
strength concrete; hydration of the 
type II cements is arrested even more 
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Fic. 5.—Age-Strength Relation for Concrete with Types I, I, and 
III Cements in Indoor Storage. 
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definitely than for type I up to 1 yr. 
It is observed that types I and II and 
III cement concretes must have derived 
some moisture from the indoor air 
each year during the humid summer 
months in order to show strength in- 
creases indoors after 1 yr. 
The three strength plots in Fig. 4 for 
fog room storage are congruous, show 


1000 a Type Ii (1937-38) 
0 
3months lyr 2yr 4yr Byr i2yr 
Age at Test, log scale 
Fic. 6.—Age-Strength Relation for Concrete with Types I, II, and 


IIL Cements in Outdoor Storage. 


no signs of retrogression and appear t 
be still slowly gaining strength after 16 


yr. for type I and 


type III cement and 


after 8 yr. for type II cement which 
seems to be nosing out in the home 


stretch. However, 
sons ‘it should be 
concrete with type 


in making compati- 
remembered that the 
II cements contain 


slightly less water, 0.25 to 0.5 gal. per 
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sack, and that the type II cements were 
1937-1938 vintage and probably averaged 
200 to 300 sq. cm. per g. greater specific 
surface than the 1931-1932 model type I 
cements. 

Figure 5 which shows the strength 
for the three types of cement obtained 
by inside storage is interesting in that 
all three graphs indicate that the speci- 
mens are still slowly gaining in strength. 
It appears that the strength of concrete 
with types I and II cements will not 
reach the strength obtained by high- 
early-strength cement under this storage 
condition. These data indicate that 
type III cement can be used to special 
advantage when the facilities for long- 
time moist curing are limited. 

The outside storage strengths il- 
lustrated in Fig. 6 show that even 
though the concrete specimens with 
types I and III cement have experienced 
over 800 cycles of natural freezing and 
thawing during the past 16 yr., on the 
average no significant signs of retrogres- 
sion are indicated. The concrete strength 
lines for these two cements have flat- 
tened out in this time and the concrete 
specimens with the type II cements are 
still gaining in strength after 8 yr. which 
includes approximately 400 cycles of 
natural freezing and thawing. 

The potential strengths of the types 
land III cements in 1931 were evaluated 
by the then Standard A.S.T.M. Tensile 
Strength Test C 77-30, but when 
these 28-day mortar tensile strength 
values are compaied with 16-yr. com- 
pressive concrete strength values for 
the same cements there is apparently 
little or no correlation. The same situa- 
tion exists when the 28- -day specification 
lest data for tensile and compressive 


‘This method has been discontinued and is super- 
Str -S.T.M. Standard Method of Test for Tensile 
Book of -Cement Mortars (C 190-44), 1946 


M. Standards, Part II, p. 80. 
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mortar strengths obtained in 1937-1938 
on tile type II cements are compared 
with the 8-yr. compressive concrete 
strengths. 


It is interesting to note the effect 
that the conditions of curing have on 
the strength of concrete containing _ 
cement No. 32. This cement is classified 
as a type II, although according to its 


» 


composition it could probably be also 
classified as a type IV. The point of 
interest is that after 8 yr. of inside curing 
the concrete strength of this cement is 
the lowest of any of the type II group 
and after 8 yr. of fog room curing it is 
the highest of this same group. 


SUMMARY AND CONCLUSIONS 


1. High-early-strength cement con- 
crete does not retrogress in strength 
as indicated by 16-yr. 
various storage conditions. 

2. Concrete cured under “‘inside”’ stor- 
age conditions in a relative low humidity 
atmosphere continues to gain s!owly 
in strength up to the age limit of the 
test which was 16 yr. for concrete with 
types I and III cement and 8 yr. for 
concrete with type II cement. 

3. In general, concrete containing 
types I and III cements cured under 
outside storage conditions for 16 yr. 
have endured approximately 800 natural 
cycles of freezing and thawing and have 
shown no appreciable signs of retrogres- 
sion in compressive strength. 

4. In fog room storage, which is 
usually considered as a standard curing 
condition, the concrete with types I 
and II cement approximates the strength 
of concrete with type III cement after 
about 2 yr. 

5. Under the low humditiy inside 
storage conditions, concrete with type 
I cement does not appear to equal that 
with type III cement even after 16 yr. 
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Mr. D. L. Broem.'—I should like 
toask Mr. McCoy a question. 

He mentions 50 cycles of freezing 
and thawing a year, or a total of 800 

cycles on these specimens. I wondered 
if he considers that actually represents 
800 cycles of freezing and thawing 
« similar to what would be produced in 
, laboratory tests or whether it just 
represents a passage of air temperature 

3 through freezing 800 times. 

Mr. W. J. McCoy (author).—The 
usual characteristics of freezing-and- 
thawing cycles under natural conditions 
are not the same as they are in typical 
Jaboratory testing. 

A freezing-and-thawing cycle in labo- 
ratory testing of concrete is more or 
less of a shock treatment. For example, 
test. specimens are usually maintained 
: : at a freezing temperature until a temper- 
ature equilibrium is reached; they are 
i subjected to a rapid temperature 
change and thawed until an equilibrium 
‘jaune is reached; they are then 
_ subjected to a rapid temperature change 
and frozen until a temperature equilib- 
rium is reached and the cycle is thus 
repeated throughout the test. 

The long-time test specimens did 
not experience 800 cycles of the type 
freezing and thawing that is done in 
laboratory testing but they did experi- 

ence that number of cycles of freezing 
and thawing under natural weather 


1 Assistant Director of Engineering, National Sand 
and Gravel Assn., Washington, D. C., and National 


Ready Mixed Concrete Assn, 


DISCUSSION 


conditions based on air temperature 
changes. This does not mean that the 
entire specimen went through all of the 
cycles. Frequently, the long-time test 
specimens would be only partially 
thawed or frozen. At times the specimens 
would be covered with snow, and oc- 
casionally the bottom sections would be 
frozen in ice and the top portion would 
be thawed due to the action of the sun. 
At times this natural weathering action 
was a rather strenuous treatment even 
though it may not have been as se- 
vere as laboratory freezing-and-thawing 
cycles. However, the natural weather 
conditions of the test are the conditions 
that an outdoor concrete structure 
would be exposed to, and therefore we 
believe the test results to be quite 
significant. 

Mr. Meyer Hirscurua.?—I should 
like to know whether that 800 is the 
actual count of the weather changes—is 
that from an estimate of the number of 
cycles during the average year that 
you get or is this a count of actual 
changes in atmospheric conditions, in 
the period tested. 

Mr. McCoy.—Daily temperature 
readings were recorded at 7:30 a.m. and 
3:30 p.m. for 5 yr. and it was found 
that the air temperature passed through 
approximately 50 cycles of freezing and 
thawing each year. This average for 
5 yr. was then used in computing the 
total number of cycles for the 8- and 
16-yr. periods. 


2 The Delaware, Lackawanna and Western Railroad 


Co., Hoboken, N. J. 
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JHE DESIGN OF CONCRETE MIXES CONTAINING ENTRAINED AIR* 


By Tuomas H. THorRNBURN! 


SyNoPsIS. 

This investigation was undertaken in order to determine whether the mor- 
tar-voids method of concrete design originally suggested by A. N. Talbot and 
F. E. Richart could be adapted to the design of concrete mixes containing en- 
trained air. 

A preliminary study of the characteristics of mortar-voids curves obtained 
for mortars containing entrained air indicated that these curves cannot be 
used as a reliable basis for the design of concrete containing entrained air. 

A study of the strength of controlled mortar and concrete mixes containing 
entrained air indicated that within the range of strengths commonly used for 
pavement concrete a significant linear correlation exists between the strength 
at a given age and the cement-space ratio. 


entrained air may be prepared from the experimentally determined curves for 
mortars which do not contain entrained air. It is demonstrated how these 
theoretical curves may then be used to proportion a concrete mix of any de- 
sired strength provided the air entrained in the concrete corresponds to that 
assumed in the preparation of the theoretical design curves. 

Tests on a series of laboratory mixes proportioned according to the suggested 


_ method indicated that the method is at least as accurate as the best methods 
_used in the design of concrete mixes which do not contain entrained air. 


The adoption of the use of concrete 
containing entrained air for highway 
pavements has created a demand for a 
hew method of concrete design. Since 
none of the usual methods of concrete 
proportioning appear to be valid for 
mixes containing entrained air, most are 
now designed, at least in part, by trial. 
The purpose of this investigation was 
first to determine whether or not the 
mortar-voids method of design sug- 
gested by A. N. Talbot and F. E. 


*Presented at the Fift i 
y-second Annual Meeting of 
the Seciety, 27-July 1, 1949. 

Assistant Professor in Civil Engineering, 
University of Mlinois, Urbana, Ill 
bo 
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It is suggested that theoretical mortar-voids curves for mortars ee a i 


Richart (1)* could be adapted to the 
design of mixes with entrained air. A 
synopsis of this method is given in the 
appendix to this paper. If mortar- 
voids design proved to be impractical, 
then the purpose was to discover a new 
and valid method of design for these 
mixes. 


INVESTIGATION OF MortAR-VOIDS 
DESIGN METHOD 


Standard Procedure: 


In all mortar-voids tests the freshly- 
mixed mortar was compacted in a cylin- 
drical mold having a diameter of 2 in. 
and a volume of approximately 20¢ ml. 
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The mortar was placed in the mold in 

three equal increments and compacted 

by 25 blows per layer with a 1-in. cylin- 

drical wooden tamper. The mortars 

prepared from the air-entraining cements 

TABLE I.-RELATION BETWEEN MAXIMUM AIR 
VOIDS, RELATIVE WATER CONTENT AND 
SAND-CEMENT RATIO FOR 3 COMMERCIAL AIR- 
ENTRAINING CEMENTS, AND A BLENDED 
SAND. 


Cement No. 1 Cement No. 2. Cement No. 3 


Rela Rela- Rela- 

Max tive Max. tive Max. tive 

Air Water; Air Water, Air | Water 

Voids | Con- | Voids | Con- | Voids | Con- 

tent tent tent 

1.0 | 4.3 | 1.00 4.0 | 1.01 4.6 | 1.00 
2.0 3.1 1.04 3.9 1.00 4.5 1.00 
3.0 3.3 |1.00 | 3.9 | 1.00 | 4.6 | 1.00 
3.5 6.0 1.00 ae 1.00 6.0 1.00 
4.0 7.6 1.00 5.7 1.00 4.7 1.05 
5.0 6.0 1.00 9.1 | 1.00 3.2 | 1.00 


were hand-mixed with a small trowel in 
an 8-in. enameled pan for a period of 3 
to 4 min. after the water was added. 
The mixes prepared with normal portland 
cement and an air-entraining agent were 

0.60 
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1 
q 
mixed in a laboratory miodel counter- 
current batch mixer designed by the 
Illinois Division of Highways. Unfor- 
tunately, this mixer was not available 
when the air-entraining cements were 
tested. A standard mixing time of 4 
min., after the addition of water was 
maintained. 


Morlars Made 
Cemenls: 


With Air-Entraining 

In order to determine the reliability 
of the mortar-voids method, mortar- 
voids tests were made on three different 
brands of air-entraining cements when 
each was combined with a blended sand 
containing 80 per cent Wabash River 
sand and 20 per cent Lake Michigan 
dune sand. The results were quite dis- 
appointing as they indicated that by the 
use of accepted techniques it was im- 
possible to obtain amounts of air in the 
mortar which would correspond to the 
amounts generally entrained in concrete 
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Fic. 1.—Typical Mortar-Voids Curves for Air-Entraining Cement and Blended Sand. 
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Furthermore, the greatest amounts of 
air were entrained in the mortars at or 
very near the basic water content for a 
given a/c ratio.* Table I shows the 
maximum air voids obtained for various 
mortar mixes of the cements and the 
relative water content at which each was 
obtained. Basic water content was 
taken as the volume of water which 
produced the minimum volume of mor- 
tar. It is apparent that high air con- 
tents were measured only in the leaner 
mixes which are seldom used in pave- 
ment concrete. 


TABLE II —VARIATION OF VOLUME OF WATER IN 
IM 


MORTAR AT MINIMUM VOLUME OF BATCH 
WITH SAND-CEMENT RATIO AND QUANTITY 
OF DAREX. UNIVERSAL ATLAS CEMENT AND 


ATTICA SAND MORTAR. 


Quantity of Darex per Sack of Cement, 


| cu. cm. 
a/c | 
} 0 32 64 96 200 
Wm Wm Wm Wm Wm 
1.50 ..| 0.269 | 0.254 0.250 0.275 0.274 
| 0.247. | 0.233 0.228 0.229 
3.0 0.245 | 0.240 0.236 0.217 0.206 


Figure 1, which is typical of the basic 
mortar-voids curves which were ob- 
tained, shows that less than 4 per cent 
air was entrained when a/c was less 
than 3. The per cent of air is repre- 
sented by the vertical distance between 
the curve for v,, and the curve for wm. 

There is some doubt as to whether the 
basic water content as defined by Talbot 
and Richart has any meaning when air- 
entraining cement is used. There is 
even more doubt that it could be repro- 
duced with any reasonable degree of ac- 
curacy. This is due to the fact that 
the amount of air entrained varies with 
the method and the throughness of mix- 
ing as well as the temperature of the 
materials. The weight of a given volume 
of compacted mortar appears to be very 


* See Appendix, p. 936, 
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sensitive to the amount of air entrained 
not only because of the reduction in 
weight due to the air, but also because of 
the variation in the workability of the 
mix with the amount of entrained air. 


Mortars Made With 


Agent: 


Air-Entraining 


Because of the difficulties which were 
encountered in using cement with inter- 
ground air-entraining agent it was de- 
cided to test a standard portland cement 
with air-entraining agent added to the 


TABLE III.—RELATION BETWEEN MAXIMUM AIR 
VOIDS, RELATIVE WATER CONTENT AND SAND- 
CEMENT RATIO. UNIVERSAL ATLAS CEMENT 
AND ATTICA SAND MORTAR. 


| ail Quantity of Darex per Sack of Cement, 
cu. cm. 

32 64 % | 200 
a/c 
(|Rela- |, |Rela- |Rela- 
= ,|_ tive |-3 tive |< tive |-4 ,| tive 
Water, Water, Water, |Water 
| Con- | Con- | Con- | Con- 
| tent tent tent tent 

ek 

1.50 4.81 1.00 5.41 1.00 5.4 4.33.1 4.7) 0.33 
1.22 | 8:8) 1.20 | 9.5] 1.19 
| 7.0; 1.06 9.3) 1.13 10.5) 1.21 |11.2] 1.27 
batch. The sand and cement used in 


this series were the same as those used 
in a series of bond tests of air-entrained 
concrete conducted by the University, 
namely, Wabash River sand from Attica, 
Ind., and Universal Atlas Cement. 
Darex was used as the air-entraining 
agent, and a series of mortar mixes was 
prepared using several different pro- 
portions of Darex to cement. 

Table II shows how the basic water 
content of the mortar mixes was found 
to vary not only with the a/c ratio but 
also with the amount of Darex which 
was used. Table III shows that it was 
not possible to obtain as much as 6 per 
cent air in the richer mortar mixes with 
any reasonable amount of Darex. In 
general, the maximum amount of en- 
trained air was found to increase as the 
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mixes became leaner and as increasing 
amounts of Darex were added. How- 
ever, the point of maximum air entrain- 
ment varied from a relative water con- 
tent of 1.00 for rich mixes with small 
quantities of Darex to relative water 
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MIXES 


voids data such as those which have been 
presented. Design curves based on these 
data would prohibit the use of rich mixes 
if the proper air contents were to be 
obtained. This is contrary to the usual 
requirements for pavement concrete 
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Fic. 2.—Mortar-Voids Curves for Universal Atlas Cement and Attica Sand with 32 cu. cm. Dares 
per sack of Cement. 


content of 1.27 for leaner mixes with 
large quantities of Darex. Figure 2 
shows typical mortar-voids curves for 
mixes containing 32 cu. cm. of Darex 
per sack. It can be seen that the air 
content varies with the relative water 
content as well as the a/c ratio. 
Obviously it is not practical to base 
a method of concrete design on mortar- 


where high strength as well as resistance 
to scaling is desired. Results of both 
field and laboratory work have indicated 
that air contents of 3 to 5 per cent may be 
readily obtained in pavement concrete 
with relatively small quantities of Darex 
or other air-entraining agents. This 
would be roughly equivalent to air con 
tents of 6 to 9 per cent in the mortar. 
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If it is not possible to produce small 
mortar batches with air contents within 
this range, there appears to be no experi- 
mental basis for mortar-voids design of 
concrete containing entrained air. 


EFFECT OF ENTRAINED AIR ON 
COMPRESSIVE STRENGTH 


Strength Tests of Concrete Cylinders: 


After due consideration of the implica- 
tions of the laboratory results obtained 
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the undergraduate concrete laboratory 
courses at the Univers ty of Illinois in- 
dicated that the relationship was ap- 
proximately the same for air-entrained 
concrete as for ordinary concrete, on the 
basis of 7-day strengths. The produc- 
tion of relatively large batches of con- 
crete for a series of bond tests being 
conducted in the research laboratory 
(2) provided an ideal opportunity to 
check this relationship. 
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Fic. 3.—Cement-space Ratio and Compressive Strength of 6 by 12-in. Concrete Cylinders. 


from the investigation of the mortar- 
voids relationships a new approach sug- 
gested itself. Fundamentally, the 
mortar-voids method of design is based 
on the relationship between the cement- 
space ratio, c/(v + c¢), of a given mortar 
or concrete mix and its compressive 
strength at a given age. If this relation- 
ship remains the same whether the void 
space is almost all water as in ordinary 
concrete mixes or whether it is part water 
and part air as in air-entrained concrete 
mixes, a valid basis for design exists. A 
compilation of test data obtained in 


Vee 


Figure 3 shows the relationship be- 
tween the cement-space ratio and com- 
pressive strength of 6 by 12-in. concrete 
cylinders at seven days as determined 
from undergraduate student laboratory 
courses; at 14 days as determined for the 
concrete used in the bond tests; and at 
28 days as determined for the bond test 
concrete. For reference, the same re- 
lationship is shown for the 6 by 12-in. 
concrete cylinders of the Talbot and 
Richart series 2G tested at 28 days and 
for the data published by Gonnerman 
(3) for 28-day strengths of air-entrained 
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concrete produced by adding neutralized 
Besse resin at the mixer. The Illinois 
‘Division of Highways design curve (4) 
based on strength of 2 by 4-in. ordinary 
az mortar cylinders at a relative 
_ water content of 1.40 is also shown. In 
the analysis of the volume composition 
_ of each batch of bond test concrete, the 
total volume was computed theoretically 
_ from the weights of each of the materials 
and their specific gravities. This value 
was then adjusted according to the per 
cent of entrained air as measured with 
an air meter designed and used by the 
Illinois Division of Highways (5). The 
values of a, b, c, and w were then com- 
puted by dividing the volume of each 
of the components of the concrete by the 
adjusted volume of the batch. Each 
point plotted from data obtained in this 
investigation represents the average 
strength of three cylinders. 

A study of Fig. 3 shows that the rela- 
tionship between strength and cement- 
space ratio is a straight line within the 
range commonly used for pavement con- 
crete. It is also evident that the line 
which best fits the data for 14-day 
strengths closely resembles the Illinois 
Division of Highways design line based 
_on 14-day mortar strengths for a relative 
water content of 1.40. It is remarkable 
that the lines obtained from five different 
sources all have approximately the same 
slope. 


Strength Tests of Mortar Cylinders: 


Another check on the validity of the 
compressive strength cement-space ratio 
_ relationship was obtained from tests on 
a series of mortar mixes prepared in the 
laboratory mortar mixer. Six specimens 
of the mortar were molded for each batch 
according to the standard procedure out- 
lined for the mortar-voids tests. The 
volume of each batch was computed from 


_ the weights and specific gravity of the 
_ materials used and the unit weight of the 
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sample as measured in the 200-ml. mold. 
From this information and the batch 
weights, the values of Gm, Cn, Um, Wm and 
Cm/(Cm + Um) were determined for each 
batch. 

In conjunction with the bond tests a 
sample of concrete from each batch was 
sieved through a No. 4 mesh vibrating 
screen. On the first few batches the air 
content was determined with the air 
meter after which 2 by 4-in. mortar 
cylinders were then prepared for test at 
14 days. On later batches a unit weight 
test of each extracted mortar was made 
using the mortar-voids procedure of com- 
paction. The weight of a one-bag batch 
of the extracted mortar was computed by 
summing the weights of cement, sand, 
and water which went into a one-bag 
batch of the concrete mix. This value 
was then divided by the unit weight of 
the extracted mortar in order to find the 
volume of the one-bag mortar batch. 
The above procedure is later referred to 
as the gravimetric method. The volume 
of a one-bag batch of extracted mortar 
was also calculated by subtracting the 
computed volume of coarse aggregate 
from the computed volume of the total 
batch of concrete and then correcting the 
difference for the per cent of air in the 
mortar as determined by the air meter. 

The volume of a one-bag batch of a 
given extracted mortar as calculated 
from the air-meter air content was Cob 
siderably greater than that computed by 
the gravimetric method. Furthermore, 
it was later found that there was no good 
correlation between the compressive 
strength and the cement-space ratio when 
the value of c/(v+ c) was computed from 
the air-meter data. When the data for 
extracted mortars were checked against 
similar data for the mortar mixes, there 
was good agreement wherec/ (0+ ¢) of the 
extracted mortar had been obtained by 
the gravimetric determination but po 
agreement when it had been based on the 


t 
4. 
i} 


air-meter determination. 
of these comparisons, it was concluded 


that the air contents of the extracted 
mortars as determined by the air meter 


On the basis 


were probably incorrect. This was 
thought to be due to faulty placement of 
the mortar in the air-meter bowl which 
allowed large air voids to be trapped in 
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between the 14-day compressive strength 
of 2 by 4-in. mortar cylinders and the 
cement-space ratio of the mix. The 
slope of the line derived from these data 
is somewhat greater than the slope of the 
mortar design line used by the Illinois 
Division of Highways provided the mixes 
with a c/(v+ c) of less than 0.320 are not 


t the mortar. ‘This is verified to some ex- considered. If the data from all of the 
tent by the fact that the air meter regis- mortar specimens are analyzed, the line 
7000 
t © 14 day Mortar Mixes, no Darex 
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Fic. 4.—Cement-space Ratio and Compressive Strength of 2 by 4-in. Mortar Cylinders. 

, tered mortar air contents of about 2 per which best fits the data very closely ap- 
od cent when no Darex had been used in the _ proximates the design line of the Illinois 
n mix, Division of Highways. 
by In Fig. 4 the data plotted consist of , 

y 1S O : 
re those obtained from the laboratory mor- Inalysis of Test Results nr 
od lar mixes and from the extracted mortars In order to determine the line of best 
ve where gravimetric air determinations fit for the various experimental data they 
el were made. Each point on this graph Were subjected to statistical analysis. 
represents the average strength of six Table of 
{ vii j Tit : sis in terms of the equation of the line 

‘ylinders. The Illinois Division of H igh- 
1 ways mortar design line is plotted f the slope of the line, the standard error 

er igi sign line 1s plotted for of prediction and the linear correlation 
It be — coefficient corrected for small samples. 
by may be seen that within the range of Jn addition, statistical methods were used 
oor rengths commonly specified for pave- to test the significance of the correlation 
the 


ment concrete a linear relationship exists 


coefficient. For reference, Table IV also 


= 
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contains the equation and slope of the 
Illinois Division of Highways mortar de- 
sign line at a relative water content of 
1.40 and of the line determined by Gon- 
nerman for concrete with neutralized 
Vinsol resin added at the mixer. The 
line numbers are the same as those shown 
in parenthesis in Figs. 3 and 4. 
The information presented in Table IV 
- that the equation for line No. 1 
which best fits all the data obtained on 


strengths of the bond test concrete speci. 
mens has a slope somewhat less than lines 
1, 2, or 3, but in general agreement with 
lines 1 and 2 in the range of strength of 
3000 to 4000 psi. This would seem ty 
indicate that line 3 is not satisfactory for 
estimating the strengths of concrete at 
14days. However, Fig. 3 shows that the 
wide scattering of points representing the 
specimens which did not contain Darex 
has had an undue influence on determin. 


TABLE IV.—RELATIONSHIP BETWEEN COMPRESSIVE STRENGTH AND CEMENT-SPACE RATIO FROM 


VARIOUS TESTS OF MORTAR AND CONCRETE CYLINDERS. 


Correla- 
tion | Slope of 
Source of Data Predicting Equation Coeffi- | Psi. 
cient 
14-day strength of 26 mortar — ey: 
andl entenched martees. Strength(psi.) = 25 679 4876; 0.92 406 25 679 
14-day strength of mortars with c 
relative water content of 1.40. | Strength¢psi.) = 23 375 ») — 4140). 23 375 
Illinois Divjsion Highways 
design curve 
No. 3...| 14-day strength of 23 morta 
mixes and extracted mortars, | Strength(psi.) = 34 242 — 8263} 0.91 365 | 34282 
where + c) > 0.320 
No. 4 14-day strength of 18 batches of ( 
bond-test concrete. Strength(psi.) 17 656 oh — 2345 0.88 196 17 656 
No. 5...| 28-day strength of 18 batches of 
bond-test concrete Strength(psi.) = 24 028 (. +.) — 3978 0.96 147 24 028 
No. 6...] 28-d t th of t 
No reported by H. F. Gonner. | Strength(psi.) = 20 00 (; = ) — 1250)... 20 500 
man® 


Manual of Instruction for Proportioning 


Slope expressed as psi. compressive per unit cement-space ratio. 
ngineers, Division of Highways, State of Illinois, April, 1938. 


© “Tests of Concretes Containing Air-Entraining Portland Cements or Air Entraining Materials Added to Batch at 
Mixer,” Journal, Am. Concrete Inst., Vol. 15, No. 6, June, 1944. 


‘mortar strength tests is not very different 
from line No. 2 which is one used as a 
basis for design by the Illinois Division of 
Highways. However, line No. 3 which 

is based only on specimens with cement- 
space ratios in excess of 0.320 has a much 
greater slope than either of these. Ac- 

tually, this is not particularly significant 
because within the range of strength of 

concrete all three of the lines 
intersect. However, line No. 3 would 

_ certainly be highly in error if used for the 

_ design of mortars with 14-day strengths 
below 3500 psi. 
Line No. 4 representing the 14-day 


| 
| 
| 


wa 


ing the slope of line 4. For this reason 
it is doubtful if line 4 should be used as 
a basis for design of concretes containing 
entrained air. 

Line No. 5 which is based on the 28- 
day strengths of the bond test concrete 
specimens has approximately the same 
slope as lines 1 and 2, but lies slightly 
above them. This is to be expected and 
serves to enhance the value of the first 
two lines as a basis for design. 

Line No. 6, which was published by 
Gonnerman, has a slope somewhere be- 
tween that of lines 1, 2, and 5 and line 
4, but more nearly approaches the latter. 
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However, the strengths predicted by line 
6 are so far above those ordinarily ob- 
tained even in the laboratory that it has 
ittle meaning for design purposes. 

On the basis of the 14-day strengths of 
concrete cylinders prepared from the 
bond-test concrete and those which will 
be discussed later, it is believed that ei- 
ther line 1 or line 2 may be used to design 
satisfactory concrete mixes containing 
entrained air. Whichever line is used, 
a value of c/(v + c) should be selected 
which will produce a mortar with a com- 
pressive strength about 500 psi. higher 
than the average strength desired in the 
concrete. Ordinarily, this will provide a 
sufficient factor of safety to allow for ran- 
dom variations in the mix as well as vari- 
ations in the desired air content. 

Since a linear correlation coefficient of 
1.00 indicates perfect correlation with 
every point falling on a straight line, all 
of the coefficients listed in Table IV show 
that the corresponding equations are 
quite accurate representations of the 
data which were analyzed. This was 
verified by tests of statistical significance 
of the correlation coefficients, which in 
every case shows that the chances are less 
than 1 in 100 that there is not a linear 
correlation between the items correlated. 

The value of the standard error of pre- 
diction, ¢,, is an expression of the random 
variation of the individual points around 
the predicting line. For example, if sev- 
etal batches of mortar were prepared 


. from the materials used in this investiga- 
a tion and using Eq. 1 as a basis for design, 
ne approximately 66 per cent of the speci- 
ly mens would be expected to have 
nd ‘trengths within 406 psi. of the design 
rst ‘trength. It is interesting that the 

‘tandard error of prediction for the 28- 
by ‘lay strengths of the concrete was the 
be- smallest one obtained. This would seem 
‘oindicate that variations in strength be- 


‘ween concrete from different batches 
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tend to be minimized as the concrete 
ages. 

All of the experimental data obtained — 
in the described tests both with mortars 
and concretes have indicated that within 
the range of strengths of pavement con- 
crete a significant linear relationship does — 
exist between compressive strength and _ 
cement-space ratio whether or not air is — 
entrained in the mixture. Furthermore, — 
it has been found that for the particular 
combination of cement and aggregate — 
which was tested, this relationship differs 
very little from one used for concrete de- 
sign by the Illinois Division of Highways. 
Only further experimentation can de- 
termine whether this same relationship is 
valid for all cements and types of aggre- 
gates, but there is no reason to believe 
that it will not be. Assuming that this 
relationship does hold good with few or 
no exceptions, a valid basis for the design 
of concrete mixtures containing entrained 
air is already in existence. There re- 
mains only the problem of selecting the 
correct values of a/c and w to be used 
with a given value of 0 in order to obtain 
the c/(v + c) required for design strength. 


THEORETICAL ANALYSIS OF MortTAR- 
DESIGN 


The laboratory mortar-voids tests have 
indicated that it is not possible to obtain 
air contents in mortar mixes which ia 
respond to the air contents obtained in 
mortars of the same composition when 
mixed with coarse aggregate in a concrete 
mixer. However, it is possible to com- 
pute the volume composition of a mortar 
in a concrete of known composition by 
assuming all the air to be in the mortar. 
Conversely, it is possible to compute the ; 
composition of a given concrete knowing 
the composition of the mortar and the 
amount of coarse aggregate used. It is 
also possible to compute the theoretical 
volume composition of any mortar by as- 
suming any desired air and water con- 


ee 
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tent. This suggests a solution to the 
general problem under consideration. 


Suggested Procedure for Concrete with En- 
trained Air: 


The preceding paragraph suggests that 
theoretical or synthetic mortar-voids 
curves may be constructed for a mortar 

having any desired air content. As an 
example, let us assume that an air con- 
tent of 7 per cent is desired in the mortar. 
_ First, the basic mortar-voids curves 
should be experimentally determined for 
the selected cement and fine aggregate 
without an air-entraining admixture. 
From these curves the values of wm and 
‘Um give the actual air content of the mor- 
tar. Now the air content of each mortar 
should be arbitrarily increased to 7 per 
cent. The volume of the mortar is thus 
increased by the amount of the arbitrary 
increase in air, but knowing this, cor- 
rected values of Um, Cm and Gm/(%m + Cm) 
can be computed. New curves may then 
be plotted which represent a mortar with 
7 per cent air regardless of how the air 
_ was entrained. The air content of the 
concrete containing this mortar should 
equal (1-b) times the air content of the 
_ The air content selected for the the- 
—_— design curves may be chosen in 
one of two ways. If it is desired to have 
- exactly 4 per cent air in the fresh con- 
_ crete, it is simple to calculate the required 
air content of the mortar knowing the 
_ value of 6 which is to be used. On the 
other hand, more useful mortar-voids 
curves may be obtained by arbitrarily 
choosing an average value for the per- 
==, of air in the mortar which will 
cover a relatively wide range of useful } 
values. This is possible since the air 
“content of the concrete is usually speci- 
fied to be within a range of 3 to 5 per cent. 
Thus, if a mortar air content of 7 per cent 
is chosen for the design curves, a concrete 


containing this mortar and having a b a theoretical mortar-voids design curve 


value of 0.57 would contain 3 per cent 
air, but one having b equal to 0.29 would 
contain about 5 per cent air. 


Advantages and Limitations: 


It is readily apparent that this method 
of design will require that the air content 
of concrete in the field be rather closely 
controlled in order to produce the design 
yield and strength. On the other hand, 
it is felt that this is much more practica- 
ble than to design on the basis of labora- 
tory conditions which can seldom be re- 
produced in the field. 

This method of design has the virtue 
of requiring no additional laboratory 
work on the part of organizations which 
have accumulated experience and data 
with the mortar-voids method. It is 
only necessary to modify the basic mor- 
tar-voids curves determined for various 
combinations of cement and fine aggre- 
gate in terms of the desired mortar air 
content. The corresponding concrete 
air content may then be obtained in the 
field by the use of any air-entraining 
agent and method of mixing which ap- 
pears desirable. It is not known whether 
this method may be applicable to ce- 
ments which contain interground air- 
entraining agent. It seems possible that 
basic mortar-voids data could be ob- 
tained on samples of the same cement not 
containing the interground agent and 
modified to include the required percent 
age of entrained air. This, however, re 
mains to be investigated. In any event, 
the field control would not be positive, 
and it is evident that the design pro 
cedure will be more accurate when the 
air-entraining agent can be added at the 
mixer to produce exactly the desired 
amount of entrained air. 


PROPOSED DESIGN PROCEDURE 
Preparation of the Morlar-V oids Curves: 


According to the suggested procedure, 


jin 
| 
i 
= 


‘ITY Jed / WIM pues pue 


juawad jo awnjon asnjosqy 
oro 
Wy 
Wa, 


oso 


| 


| 


| 


O21 


| 


oso 


oro 


020 


oso 


oso 


JDJIOW jO BWNIOA 4ad 


‘pues pur 


yuawad awnjo, aynjosqy 


auiy yO ajnjosqy 


S 


o¢ SZ 


v 


oro 


% 


020 


Ovo 


DISOG 
4 oso 


oso 


4O BWNIOA sad 


931 


| 
el 4 
| >] { 
q 
| 
8 
| 
| 
= 
| | | 
| | 
N 
e 
- 
4 
: 
yt 
1d Be 
& 1 | 
N 
| 
ro) fo) ° ° 


‘TABLE _V.—ESTIMATED VALUE OF RELATIVE 


WATER CONTENT REQUIRED FOR A GIVEN 
SLUMP AT A GIVEN AIR CONTENT IN FRESH 
CONCRETE. 


Relative Water Content 


Slump, in. 

3 to 4 Per cent | 5 to 6 Per cent 
ir ir 
1.15 1.10 
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inthe mortar. Let ,, equal the assumed 
air content of the mortar. 


Then %m, = Wm + pm = 0.270 + 0,070 = 
0.340 


Since = 15, 
and 


then 1.5 Gn + Cm + 0.340 = 


Absolute Volume of Cement 


Absolute Volume of Fine Aggregate 


_ for a given mortar air content can be 
produced from the curve relating wm to 


a/c for a given sand and cement at a 
given relative water content. The se- 
lected air content is added to the value of 
Wm for each representative a/c value, and 
the new v, curve is drawn. Knowing 
a/c and %, it is possible to calculate c,, 
and finally ¢n/(%m ++ Cm). By selecting 
representative a/c values, the new design 
curve for Cn/(%m ++ Cm) may then be 
plotted. For example, let us suppose 
that for a given combination of sand and 
cement at basic water content the experi- 
mentally determined value of w,, equals 
0.270 at an a/c value of 1.5. Assuming 
that it is desired to find the value of 
Cm/(%m + Cm) for 7 per cent air entrained 


1.50 
il Values of % and Relative 
Jo Water Content Required to 
Maintain the Indicated 
Values of “vec. 
1.00 L 
1.00 1.05 io 


115 1.20 1.25 


; Relative Water Content 
Fic. 7.—Consistency Adjustment Chart for Universal Atlas Cement and Attica Sand. 


or 2.5 Gm = 0.660 and cp, = 0.264 


Finally, c/(v + ¢) = Cm/(tm + Gn) = 
0.264/(0.340 + 0.264) = 0.437 


Figure 5 shows the experimentally de- 
termined curves for Universal Atlas Ce- 
ment and Attica, Ind. sand at relative 
water contents of 1.00, 1.15, 1.20, and 
1.25 respectively. Figure 6 shows the 
theoretical curves for the same materials 
at the same relative water contents with 
an assumed air content of 7 per cent 1 
the mortar. In both sets of curves the 
relative water contents have exactly the 
same meaning since they are based on the 
values of as determined experimet: 
tally on mortars which contain no én 
trained air. 
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Sdection of the Relative Water Content: 


There now remains only one problem 
{ design, that of selecting the correct 
lative water content for a given con- 
ete consistency, and this must be de- 
termined by experience as in the present 
method of mortar-voids design employed 
for normal concrete mixes. There are, 
however, two factors to be considered 
which alter the choice of relative water 
content as compared to normal mixes. 
The inclusion of air in concrete produces 
aplastic mix which is usually more work- 
able than a normal mix of equivalent con- 
sistency as measured by the slump test. 
This factor has the effect of decreasing 
the slump required for a given job. Fur- 
thermore, when air is added to a concrete 
of given relative water content and 
slump, the total voids are increased, and 
consequently the slump is increased. 
This factor thus has the effect of de- 
creasing the relative water content re- 
quired fora givenslump. Because of the 
operation of these two factors, it is ex- 
tremely unlikely that any direct correla- 
tion based on past experience with nor- 
mal concrete may be used to specify the 
relative water content needed for a con- 
crete containing entrained air. As a 
rough guide the data presented in Table 
V may be used. These are based on the 
relative water contents and slumps ob- 
tained for the concrete mixes prepared 
for the bond tests. It must be stressed 
that this table is tentative as well as 
quite incomplete. 

If the desired consistency is not ob- 
tained for a given mix through the use of 
the table, then a graph similar to Fig. 7 
may be used. The data for each curve 
was obtained from Fig. 6 by picking off 
the values of a/c and relative water con- 
ent at a constant value of c/(v-+c). It 
s possible to draw a family of curves of 
this type which may be used to adjust 
the consistency of the mix without affect- 
‘ng Its compressive strength. 
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Sample Mix Design: 


Let us now see how it is possible to — 
design a concrete mix containing en- — 
trained air on the basis of the method : 
which has been presented. Problem: To f, 
design a concrete which will have a com- 
pressive strength of 4500 psi. at 14 days 
using Universal Atlas Cement and sand 


and gravel from Attica, Ind. This mix 
should have a slump of 2 in. and contain 4 
approximately 4 per cent entrained air. 
Given sp. gr. cement = 3.10, 

sp. gr.sand = 2.65, and 

sp. gr. gravel = 2.70. oe 
Assume b = 0.430 

From Table V relative water content 

of 1.15 is indicated for a 2-in. slump. In | 
the analysis which follows, the standard 
Talbot-Richart nomenclature is used 
with the exception that a new term, , 
has been added. It is equal to the ab- 


solute volume of air voids in a unit 
volume of freshly made concrete. Thus 


From Fig. 4, curve 1, a c/(v+c) value of — 
0.380 is indicated for a 14-day compressive 
strength of 4850 psi., which allows a factor 
of safety of 350 psi. above the desired av- 
erage compressive strength. From Fig. 6, 
a/c = 1.83 at 1.15 relative water content and 
c/(v+c) of 0.380 also from Fig. 6 

Wm = 0.296 and vm = 0.366 — 
(1 — b) = 1 — 0.430 = 0.570 
Thus w = 0.296 X 0.570 = 0.169 
v = 0.366 X 0.570 = 0.208 
p = 0.208 — 0.169 = 0.039 
also a = 1.83 ¢ 
— 0.028 — 0.430 = 0.362 
Thus = 0.362/2.83 = 0.128 
and a = 1.83 X 0.128 = 0.234 
This mix by solid volume then becomes — 
0.128:0.234:0.430 and 

0.128 * 3.10 K 62.4 = 24.7 lb. cement 

0.234 & 2.65 X 62.4 = 38.7 lb. sand 

0.430 * 2.70 X 62.4 = 72.4 lb. gravel 

0.169 * 62.4 = 10.54 lb. water 

on 


Solution: 


The mix by weight is thus 

24.7 :38.7:72.4 or 1:1.57:2.93 
w/cby weight = 10.54/24.7 = 0.427 lb. per 
lb. which is equivalent to 4.8 gal. per sack. 


Test Results: 


A mix of the above proportions was 
prepared in the laboratory in a Lancaster 
type SW counter-current mixer using 
Darex at the rate of 20 cu. cm. per sack 
of cement and 4-min. mixing time. The 
fresh mix was found to have a slump of 
3 in. and a net air content of 3.7 per cent. 
Four 6 by 12-in. cylinders were prepared 
by vibrating the concrete into the molds. 
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Perhaps it represents the amount of error 
which may be expected with this method 
of design. If so, it appears that it wil 
be necessary to design for about 4000-psi, 
concrete in order to be assured of a 14 
day strength of at least 3500 psi. This 
is in line with the present Illinois Division 
of Highways design procedure for norma! 
concrete with no entrained air. It is also 
possible that the low strength of this par- 
ticular batch may have been due to an 
error in weighing the mixing water or the 
cement; however, there is no way to be 
sure. Only further tests can correctly 


TABLE VI.—DESIGN DATA AND TEST DATA FOR SEVERAL MIXES WHICH WERE PREPARED TO TEST 
THE SUGGESTED DESIGN PROCEDURE. 


De 
= per Sack | sign 

Mix. Li Water, Con- b 

an Con- | tent, | Cement, otc 

| tent| per cu. cm 

= 
D-1 | 3500} 2 |1.15| 4.0) 32 | 0.440) 0.330 
D-2 4000 4 1.20} 4.0 | 32 0.440) 0.355 
D-2-2 4000 4 1.20 4.0 16 0.440 0.355 
b-3 4500 2 1.15} 4.0 20 0.430) 0.380 
D- 4500 4 |1.20| 4.0 | 20 0.430) 0.380 


These test cylinders were found to have 
14-day compressive strengths of 4370, 
4650, 4160, and 4680 psi. for an average 
strength of 4470 psi. 

Table VI shows the design data and 
test data for several mixes which were 
prepared to test the suggested design 
procedure. All of these mixes were pre- 
pared in batches of slightly more than 1 
cu. ft. in the Lancaster Mixer. It can 
be seen that the amount of air entrained 
in mixes D-1 and D-2 was too great for 
the design strength to be obtained. The 
corrected value of c/(v + c) is based on 
the air content which was actually ob- 
tained and the estimated strength was 
based on this corrected value. It is ap- 
parent that the actual 14-day strength of 
the concrete checks very closely with the 
estimated strength for all batches except 
1-2-2. The reason for the discrepancy 
in this particular batch is not known. 


Test Values | | 


Water. | 
Mix Ratio Ratio, = | Net gt 
=} per |55°2;0 
weight | 3 | cent 
< | 

1:2.34:3.94 0.525 | 2.75 | 6.4 | 3080 | 0.305) 300 
1:1.76: 3.33 0.480 | 4.75 6.5 | 3410 | 0.324 3400 
1:1.76: 3.33 0.480 5.50 3.3 | 3460 | 0.360) 41% 
4: 8.57:2.93 0.427 | 3.0 3.7 | 4470 | 0.380, 4500 
1:1.33:2.76 0.435 | 6.25 | 3.7 | 4560 | 0.380 4500 


establish the inherent error of this 
method of design. It should be remem- 
bered that any excess of air over the de- 
sign air content will lower the test 
strength of the concrete. In order to be 
sure that every batch of concrete wil 
meet any given strength specifications, i 
will undoubtedly be necessary to desigt 
the batches for strengths about 500 ps 
above specification in order to allow for 
some variation in the air content pr 
duced under field conditions. 


SUMMARY AND CONCLUSIONS 


1. A study of the characteristics 0 
mortar-voids curves determined for mor 
tars containing entrained air has ™ 
dicated that these curves cannot be use? 
as a reliable basis for the design of cot 
cretes containing entrained air. This § 
due to the fact that the amount of alf 
entrained in the mortar is determined by 
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, variety of factors, such as method of 
mixing, temperature of the mix, and 
jichness of the mix. Furthermore, it has 
not yet been found possible to entrain in 
he richer mortar mixes the amounts of 
.ir required for design purposes. 

2. A study of the strengths of con- 
trolled mortar and concrete mixes con- 
taining entrained air has indicated that 
within the range of strengths commonly 
used for pavement concrete a significant 
linear correlation exists between the 
strength at a given age and the cement- 
gace ratio. Furthermore, this linear re- 
lationship very closely approximates one 
used by the Illinois Division of Highways 
in its present design procedure. Ap- 
parently the relationship between com- 
pressive strength and cement-space ratio 
is the same whether the voids in the mix 
are completely filled with water or 
whether they are filled partly with water 
and partly with air. 

3. It is possible to prepare theoretical 
mortar-voids curves incorporating any 
desired percentage of entrained air by a 
series of computations based on the 
mortar-voids curves determined experi- 
mentally from a series of mortar-voids 
lests on any given sand and cement. 

4. These theoretical curves may be 
used to determine the correct proportions 
of concrete materials required to produce 
4mix of any desired strength provided 
the air entrained in the concrete mortar 
corresponds to that assumed in the prepa- 
ration of the theoretical curves. When 
the air-entraining agent is added to the 
batch at the mixer it is not too difficult to 
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produce any desired air content under a 
given set of conditions. 

5. It isnot known whether this method 
of design may be applicable for concrete 
mixes containing cements with inter- 
ground air-entraining agents. It seems 
possible that the theoretical curves 
could be prepared from basic data on the 
cement without the interground agent if 
such cements could be obtained from the 
manufacturer. However, it would not 
be possible to have positive control over 
the amount of air entrained in the mix. 

6. Tests on a series of mixes prepared 
in the laboratory according to the sug- 
gested method of design indicate that the 
method is sound and that the factor of 
safety provided need be no greater than 
that used in the design of standard port- 
land-cement concrete, provided the air 
content of the concrete is subjected to 
adequate field control. 
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The mortar-voids design procedure is 
based on the following main principles: 

1. That a definite quantitative relation- 
ship exists between the magnitude of the 
voids in the concrete in place (water and air 
voids) and the compressive strength of the 
concrete, the quality and quantity of the 
cement and the quality and nature of the 
aggregate rem ining the same but the grada- 
tion of the aggregate varying and other con- 
ditions remaining similar. (This relation- 
ship was determined by Talbot and Richart 
(1) on the basis of tests of hundreds of speci- 
mens and presented in the form of a com- 
pressive strength versus cement-space ratio 
curve.) 

2. If the amount of the water and air voids 
in the mix of mortar to be used in making the 
concrete is known, the voids in the resulting 
concrete may be calculated, and the corre- 
sponding cement-space ratio may be used as 
an index of the strength of the concrete. 

3. It is assumed that sufficient mortar is 
used to completely fill the voids in the coarse 
aggregate so that the mortar voids will be a 
measure of the voids in the concrete. 

The composition of a unit volume of 
freshly made concrete may be expressed by 
the equation a +b 1. The 
notations used in the above equation and in 
the following discussion were suggested by 
Talbot and Richart and have the following 
meanings: 

a = absolute volume of fine aggregate in 

a unit volume of freshly made con- 
crete. 

b = absolute volume of coarse aggregate 
in a unit volume of freshly made 
concrete. 

c = absolute volume of cement in a unit 
volume of freshly made concrete. 

v = volume of voids in a unit volume of 
freshly made concrete, in which are 
included both air and water voids. 

w = volume of water voids in a unit 
volume of freshly made concrete. 

For a mortar the composition may be ex- 
pressed by the equation dm + Cm + Um = 1 
in which the letters represent the unit vol- 
umes of fine aggregate, cement and voids in 
a unit volume of freshly made mortar. Ifa 
mortar of known composition is mixed with 
a known volume of coarse aggregate the 
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APPENDIX 
SYNOPSIS OF THE MORTAR-VOIDS DESIGN PROCEDURE 


composition of a unit volume of concret, 
which results may be expressed by the equa- 
tion M + 6 = 1 in which M represents the 
volume of the mortar, thus M =1 —}, |; 
follows that @ = am(1 — 6) andc =,, 
(1 — d), ete. 

The cement-space ratio as defined by 
Talbot and Richart is equal to the volume 
of the cement in the cement paste, or the 
quantity c/(v + c). Assuming that the 
voids in the coarse aggregate are completely 
filled with mortar c/(v + c¢) is equivalent to 
Cm/(Um + Cm). 

The experimental basis of the mortar. 
voids design involves the preparation of a 
series of mortar mixes with a given ratio of 
fine aggregate to cement (a/c) and with 
varying amounts of water (w,). The uit 
volume of each mix is determined and a curve 
of volume versus water content is plotted. 
The water content other than zero which 
produces the mortar with the least volumes 
designated as the basic water content 
(BWC). 

Theoretically, this mortar could be mixed 
with coarse aggregate in order to produce 
the densest possible concrete. Practically, 
such a concrete would be too dry and un- 
workable to place unless excessive quantities 
of mortar were used. ‘Therefore, it is nec- 
essary to multiply the basic water content 
by a factor in order to produce concrete 0! 
the desired workability. For exampie, if 2 
concrete mix contains 10 per cent mor 
water than the basic water content of the 
mortar used in the mix, it is said to havea 
relative water content (RWC) of 1.10. 

In order to carry out the design, it is nec 
essary to perform several sets of mortar 
voids tests using different a/c ratios covering 
the range ordinarily used in concrete work 
On the basis of these tests a final series 0! 
curves is then prepared in which the values 
Vm, Cm, Wm and c/(v + c) are plotted against 
a/c for basic water content and for 
various relative water contents which hav 
been found satisfactory for a given type ° 
work. The value of 6 is selected on th 
basis of experience. The value of ¢/(0 +4 
is determined by the desired strength, ane 
for given values of RWC and 4, it m eo 
determines the required values of a, ¢, % 4 
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Mr. DeLmaR L. BLoem! (presented in 
written form).—As pointed out by the 
author, the inclusion of air as an ingredi- 
ent in concrete has introduced complica- 
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DISCUSSION 


count in one of these procedures, namely, 
the mortar-voids method. This discus- 
sion presents a method of design for 
concrete containing entrained air which 
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tions into well-established design 
procedures. The paper presents a usable 


direct approach for taking air into ac- 
‘Assistant Director of Engineering, National Sand and 


Gravel Association and Nat; i 
Association, Washington, eo Ready Mixed Concrete 


DIFFERENCE IN AIR CONTENT BETWEEN NORMAL 
AND AIR-ENTRAINING CONCRETE 


Fic. 8—Reduction in Compressive Strength with Entrainment of Air when Water-Cement 
Ratio is Maintained Constant. 
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can be adapted to any proportioning — 
procedure applicable to normal concrete. 

Provision is made for maximum use of | 
information gained from experience with — 
concrete not containing air. 
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WATER-CEMENT RATIO, GALLONS PER SACK 
Fic. 9— Probable Compressive Strength for Different Water-Cement Ratios. 
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CEMENT FACTOR, SACKS PER CUBIC YARD 
‘Fic. 10.—Effect of Entrained Air on Mixing Water (Series 6). 


VOLUME OF CONCRETE AS PER CENT OF VOLUME OF 


REDUCTION IN VOLUME OF MIXING WATER PER UNIT 
AIR PER UNIT VOLUME OF CONCRETE 
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§The accompanying Fig. 8 shows a re- 
stionship which has been developed be- 
tween compressive strength and air 
ontent of concrete using data from the 
uboratories of the Portland Cement 
Assn, and the National Ready Mixed 
Concrete Assn. Here reductions in com- 
pressive strength resulting from air 
entrainment have been expressed as per- 
centages of the strength of normal 
cement concrete having the same water- 
cement ratio. Actually for given propor- 


trainment on water requirements of con- 
crete based on data from an investiga- ; 
tion carried out by the Association at 
the University of Maryland. It is be- 
lieved that these data are sufficiently | 
representative to be of general value. 
Reductions in quantity of water to pro- 
duce a given slump have been expressed 
as percentages of the volume of en- 
trained air. The use of these curves in ; 


conjunction with those shown in Fig. 9 
permits the determination of the quanti- 
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lions, the reduction in strength is con- 
‘iderably less than indicated, if the 
consistency is maintained the same, 
since the entrainment of air reduces the 
amount of water required. Nevertheless, 
the relationship provides a useful tool 
lor designing air-entraining concrete by 
providing the basis for constructing a 
‘amily of water-cement ratio-strength 
Curves for various air contents as shown in 
the accompanying Fig, 9, based on estab- 
‘shed water-cement ratio relationships. 

Figure 10 shows the effect of air en- 


V+C OF FRESH CONCRETE 
Fic. 11.—Relationship Between c/(v + ¢) and Strength for Various Air Contents (Series 66). 


ties of water and cement per unit volume 
of concrete. The completion of the design 
consists merely of selecting the relative 
quantities of fine and coarse aggregates 
required to occupy the remainder of the 
unit volume of concrete. This may be 
done by direct selection of the quantity 
of coarse aggregate as is done in the 
mortar-voids method or by an applica- _ 
tion of some other procedure involving 
the fineness modulus or b/d. 

Tests in our laboratory have shown 
this method of proportioning air-en- | 
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training concrete to be quite rapid and 
to provide results of an accuracy com- 
paring favorably with those obtained in 
designing normal cement concrete 
mixtures. 

Comments on one or two points in the 
paper under discussion might be of in- 
terest. The author’s design method is 
based on the assumption that the rela- 


OF CONCRETE MIXES ot 
which the author is chiefly concerned 
It will be noted, however, that for leane, 
concrete the cement-space ratio - strengt! 
curves deviate more and more from thy 
curve for normal cement concrete 4 
the air content increases. These dat, 
suggest, therefore, that the author’ 
assumption may lead to appreciabl 
errors in the design of leaner mixes, 


tionship between strength and cement- 
space ratio is the same regardless of 
whether the voids are entirely filled with 
water or filled partially with water and 
partially with air. Data from tests made 
by the Association at the University of 
Maryland, shown in Fig. 11, suggest 
that this assumption is quite accurate in 
the range of fairly rich concrete with 
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Fic. 12.—Relationship Between Cement-Space Ratio and Increase in Void Content of 
Concrete Resulting from Air-Entrainment. 


Figure 12 suggests a possible means 
of correcting for air entrainment direct! 
applicable to the mortar voids method 
design. Here increases in volume of voit 
v resulting from air entrainment have 
been plotted against cement-space ral 
Both the increase in air voids and u 
reduction in water requirement resulting 
from air entrainment have been taken 
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‘nto account. Discrepancies between the 
~urves from the two different laboratories 
may be attributable to different design 
procedures; in tests made by us, sand 
content was reduced as air content in- 
creased while in the Portland Cement 
r Assn, tests the percentage of sand was 
maintained constant for all air contents 
for any given cement factor. The use of 
this family of curves will permit the 
design of air-entraining concrete without 
the necessity of replotting the mortar- 
voids design curves. The cement-space 
ratio required to produce the desired 
strength is selected and the value for v 
corresponding to this ratio and the 
desired consistency is determined using 
the mortar-voids curve for normal ce- 
ment concrete. This value for v is then 
increased by the amount indicated in 
Fig. 12 and the new value for ¢ deter- 
mined from the known c/(v + c) ratio. 
The quantity of water w is determined 
by subtracting the known percentage of 
ait p from the new value of v. The quan- 
tity of coarse aggregate b is selected as 
described by the author and the quantity 
of sand a is determined by subtracting 
the sum of c + 6 + » from 1. 

Mr. T. H. THornpurn (author’s 
closure) —The comments made by Mr. 
Bloem and his presentation of an alter- 
nate method of design are appreciated 
by the author. The data presented in 
Fig. 10 should be a particularly valuable 
aid in determining the water requirement 
'o produce a given consistency. 
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With regard to the validity of the 
author’s method of design for the leaner 
mixes, it is pointed out in the summary 
that the linear relationship between com- 
pressive strength and cement-space ratio 
was found to hold true within the range 
of strengths commonly used for pave- 
ment concrete, that is, rich mixes. The 
original relationship as determined by 
Talbot and Richart was expressed as a 
curve which had less of a slope for low 
values of c/(v + c) than for high values. | 
Recent tests made of concrete containing 
entrained air in the student laboratory 
at the University of Illinois? indicate 
that the shape of the compressive 
strength versus cement-space ratio curve 
for air-entrained concrete is approxi- 
mately the same as that derived by — 
Talbot and Richart for normal portland- 
cement concrete when the full range of 
useful concrete mixes is considered. 

The data presented in Fig. 12 may 
represent a valid means of simplifying 
the suggested mortar-voids procedure, — 
but the discrepancy between the two 
series of tests indicates that more evi- 
dence is needed. Unless such curves are 
generally applicable it would seem prefer- 
able to use the theoretical mortar-voids 
curves which are simply prepared once 
the experimental curves have been 
obtained. 


2E. E. Bauer, “Plain Concrete,’ third Edition, Mc- 
Graw-Hill Book Co., New York, N. Y,, pp. 124-125 (1949). 
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A WETTING-AND-DRYING TEST FOR PREDICTING 
CEMENT-AGGREGATE REACTION* 


By C. 8. SCHOLER! 


SYNOPSIS 


This paper presents a method of determining the probability of a cement- 
aggregate reaction in any mixture of cement, fine aggregate, and coarse aggre- 
gate. The test essentially consists of subjecting specimens of concrete, ap- 

| proximately 3 by 4 by 16-in. to exposure of alternate drying at a raised tem- 
perature and wetting immersed in water at room temperature, with one cycle 
being completed in 24 hr. . 
For the extremely rapid reactions that may be secured with unusually high- 
alkali cement and reactive aggregates, it is much faster than the commonly 
, accepted mortar bar test in a sealed container. The test is much more sensi- 
tive in that many combinations which do not show reaction under the com- 
monly accepted mortar bar test will show abnormal expansion in the wetting- 
and-drying test. 
Whether or not all of these expansions are directly the result of cement-ag- 
_ gregate reaction may be questioned, but it is believed that the test is highly 
significant and that where appreciable expansions occur under this test, there 
is considerable danger of serious reaction in such concrete combinations. The 
test is peculiarly valuable in that it may be used with coarse aggregate com- 
_ binations and also because it shows the significant effect which various coarse 
aggregates may have upon the so-called cement-aggregate reaction. Some of 
the data indicate that the commonly accepted alkali limitations may not be 
very highly significant, and probably other elements than alkali alone are 
potent factors in determining the extent of the cement-aggregate reaction. 


The wetting-and-drying test to deter- was made at that time, and it was ob- 
mine cement-aggregate compatibility was served that the difficulty was confined 
probably first used by Mr. W. E. Gibson to certain aggregate sources and was most 
in 1932 (1).2 This test was the outcome frequently associated with certain © 
of an investigation of so-called “map- ments. Mr. Gibson reported in his 
cracking” that was developing on cer- paper before the Highway Researc 
tain Kansas concrete pavements and Board the results secured by the wetting 
bridges. An extensive survey of the and-drying test, which was the onl 
condition of pavements and structures method of exposure used in that invest 
gation that gave results which correlate 
with observed field exposure. 


* Presented at the Fifty-second Annual Meeting of e ef 
the Society, June 27July 1, 1949. Since 1942, the test has been furth 
rofessor pplied Mechanics, Kansas State Col- ve! 

lege, Manhattan, Kans. developed and used rather extensiv'y 


?The boldface numbers in parentheses refer to the fa ‘nlleve j nectio! 
list of references appended to this paper, see p. 948. at Kansas State College = = 
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from oven to tank and returned to the 
oven by manual methods. 


ith a cooperative investigation carried 
n by the Engineering Experiment Sta- 
tion of the College with the Portland 
cement Assn. In recent years, several 
ther laboratories have built equipment 
iesigned to embody the same general 
sinciples of exposure to moisture and 
mperature change. 


Fic. 1.—Drying Ovens for Wetting-and-Drying Test. 


This paper briefly describes the test 
4 conducted at Kansas State College, 
and presents enough results to indicate 
some of the possibilities of the test. 


MetHop oF TEST 


The test provides for exposing satu- 
rated specimens of concrete to a drying 
condition at 130 F. for 8 hr. followed by 
immersion in water at an initial tempera- 
ture of 70 to 80 F. for 16 hr. The proc- 
“S$ Is repeated 6 days each week, the 
‘pecimens remaining immersed over Sun- 
‘ay. The specimens are transferred 


of wood construction, lined with Celotex, 
and heated by steam radiators in the 
bottom of the oven. 


— 


The oven 
in which the drying occurs (Fig. 1) is 


Celotex baffles 
directly over the radiators prevent 
radiant heat from reaching the speci- 


mens directly, and a mild draft of air_ 
through the oven maintains a low rela- 
tive humidity. Temperatures are con- 
trolled by means of Minneapolis- 
Honeywell Controllers, and air circulation 
is controlled manually by varying the 
size of openings at the bottom of the 
oven. 

Evaporation and temperature rise are 
not very rapid. Several hours are re- 
quired to bring the internal temperature 
of the specimen to 126 F., about the 
maximum reached. The evaporation 
loss in 8 hr. is about 40 g. per specimen, 
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The specimens are prisms 3 by 4 by 16 
in. and weigh about 16 lb. 

Other temperatures from 120 to 160 F. 
have been tried, but it is believed that 
the temperature of 130 F. is best adapted 
to the purpose. Lower temperatures 
have been found to retard the rate of 
development of the deterioration, and 
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MECHANISM OF FAILure 


The cause of failure through excessive 
expansion, cracking, and loss of Strengt! 
is not entirely understood. It is no 
caused by shock due to sudden immer. 
sion of the hot specimen in cold water 
Somewhat similar results are produced in 
concrete specimens by keeping them jm. 


Blue River Sand-Gravel Aggregate: 


(0 Wet and Dry Test 


i 5 Yr. Field Exposure 


H M O P @Q A 


Kaw River Sand-Gravel Aggregate: 


Expansion, per cent 


Group I Cements 


GE F G Ss V¥ 
Group II Cements 


Fic. 2.—Comparing Results of Accelerated Test with Field Exposure. 


Concrete made with the cements of Groups I and II were made with Kaw River and Blue River sand-grav 
The results of the wetting-and-drying test are here compared with five years of field exposure 


higher temperatures have been found 
to cause abnormal expansions with com- 
binations of materials that have good 
service records. Field studies also in- 
dicate that temperatures over 130 F. 
are very seldom experienced in natural 
exposure (2). 

Data are not available to show the 
effect of variations in the rate of drying, 
but it is believed that this should not be 
too rapid and that forced draft and 
dehydration of the air by chemical 


means should be avoided. oe 


mersed and rapidly changing the tem 
perature of the watef through a similar 
temperature range (3). 

It is believed that a combination \ 
moisture and temperature change fre 
quently repeated is conducive to th 
development of distress in any nonhom 
geneous absorptive material becaus 

1. Chemical action and resulting crys 
tal growth will be accelerated. 

2. Any weakness of bond between t 
aggregate and paste will tend to devel. 
failure. 
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3. Any lack of thermal compatibility 
will be accentuated. 

4, After the first failure of bond be- 
tween paste and aggregate, whether 
caused by adverse reaction between ce- 
ment and aggregate or by overstressing 
due to thermal incompatibility, “jacking 


Figures 2 and 3 show the expansion of 
concrete specimens during 285 cycles of 
the wetting-and-drying test compared to 
the expansion of companion specimens 
during 5 yr. of field exposure. Two 
different aggregates were used in these 
specimens; Kaw River sand-gravel which 


0.26 
Blue River Sand-Gravel Aggregate 


Kaw River Sand-Gravel Aggregate | 


{| Wet and Dry Test 


| 5 Yr. Field Exposure 
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Group III Cements 
Fic. 3.—Comparing Results of Accelerated Test with Field Exposure. 


Concrete made with the cements of Group III were made with Kaw River and Blue River sand gravel. The 
results of the wetting-and-drying test are here compared with five years of field exposure. 


action” would tend to develop increasing 
expansion with succeeding differential 
volume changes, due to combinations of 
temperature and moisture changes. 


CORRELATION WITH EXPOSURE 


To date, considerable data are avail- 
able for comparison of the accelerated 
lest with field exposure, from which it 
would appear that the method shows 


rather satisfactory correlation with field 
exposure, 


_ 


River sand-gravel aggregate. 


has a poor service record, and Blue River 
sand-gravel which has a good service 
record. Each aggregate was used in 
combination with 24 different cements 
in 3 by 4 by 16-in. concrete beams. 
Chemical analyses of the cements used 
in this series are shown in Table I. 

The data in Figs. 2 and 3 are arranged 
in three groups on the basis of the per 
cent expansion in the wetting-and-dry- 
ing test of the beams made with the Kaw 
Group I 
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includes those cements which produced 
but little expansion in the test (0.04 per 
cent or less); group II includes cements 
producing moderate expansion (0.05 to 
0.08 per cent); group III includes those 
producing 0.1 per cent expansion or more 
at the age of one year (285 cycles). 

In Figs. 2 and 3 the expansions of the 
specimens subjected to the wetting-and- 
drying test are shown by the open bars 


TABLE I.—CHEMICAL ANALYSIS OF CEMENTS. 


type of weathering. The expansion re. 
sulting from the freezing and thawing of 
these specimens would partially obscure 
the expansions resulting from a cement. 
aggregate reaction. Regardless of the 
effect of freezing and thawing, it is be. 
lieved that the correlation of laboratory 
results with field exposure is excellent, 
Almost without exception, specimens 
made with the Kaw River aggregate 


Na2O e- 


Loss on quivalent| Free 
Cement SiOz | AlOs | FeO: | CaO MgO SOs Ignition K:0 | NaO of Total | lime 
Alkali 
Group I 
Bs avekenaehewe vas 21.54 5.94 2.41 65.57 0.86 1.82 1.46 0.44 0.27 0.56 1.12 
M.. 22.39 4.49 3.08 65.68 1.34 1.64 1.36 0.19 0.05 0.18 1.21 
| SRR Pane 21.88 5.09 3.42 65.07 1.79 1.51 0.59 0.45 0.20 0.50 0.31 
SSSR! 21.59 5.26 3.00 65.40 0.89 2.09 1.39 0.59 0.17 0.56 1.95 
20.77 6.58 3.19 65.47 0.85 1.96 0.54 0.31 0.14 0.34 Trace 
Grovp II 
eee cans eaduexee | 20.67 | 6.37 3.10 63.47 3.07 | 1.79 0.82 0.42 0.28 0.56 0.06 
20.38 | 5.47 3.10 64.18 2.07 1.96 1.99 0.53 0.26 0.61 1.39 
Re et 19.65 6.23 2.71 65.04 2.61 1.90 | 1.31 0.45 0.32 0.62 1.50 
L NOEs 20.49 5.73 3.65 | 64.12 2.49 1.70 1.15 0.41 0.21 0.48 0.58 
21.94 5.72 2.52 65.25 | 1.30 1.35 1.37 0.37 0.22 0.46 1.42 
SSR prerenete: 20.59 7.10 | 2.65 | 63.78 2.70 1.69 1.00 0.54 0.23 0.59 0.17 
E , Sa 20.54 | 6.53 3.17 | 65.08 1.48 | 1.67 1.82 0.52 0.19 0.53 2.77 
ies sv iaiewadtoamwpgeiee 22.04 4.34 3.02 | 64.26 3.27 | 1.65 1.12 0.44 0.21 | 0.50 1.23 
22.11 6.00 1.97 | 63.89 2.09 | 2.22 1.35 0.63 0.19 | 0.60 0.72 
22.10 4.56 3.05 63.42 3.32 1.86 0.85 0.53 0.22 0.57 0.80 
, SRS: | 20.85 | 6.15 2.73 | 64.38 3.20 | 1.49 0.66 | 0.51 0.10 0.44 | Trace 
Grovp III 
SPREE 21.28 | s.s7 | 3.44 | 63.72 | 3.72 | 1.69 | 0.83 | 0.50 | 0.26 0.59 | 0.42 
Mivcivecehuapeceres 21.96 5.87 2.35 | 63.76 2.90 1.64 0.82 0.38 0.34 0.59 0.96 
Giaakutcenes campeon 22.04 §.15 3.04 62 90 2.98 1.73 1.33 1.16 0.07 0.83 0.58 
. * 20.64 4.27 2.89 | 63.04 5.68 1.58 1.48 0.66 0.21 0.64 0.41 
, ee: 20.96 6.42 2.03 | 63.82 3.51 1.83 1.55 0.78 0.16 0.67 0.49 
Tee veguigeseiesas 21.22 | 6.28 3.02 | 62.55 | 3.51 1.67 | 0.91 0.54 | 0.20 0.56 | 0.23 
Tibiauecadtha cases 21.27 5.40 2.48 | 64.08 2.55 1.97 0.79 1.03 0.19 0.87 1.26 
@ Mn.O;—Trace in all cements. Chloroform soluble—All below 0.006 per cent except cements J and U = 0.012 per 
cent. 


and the expansions during 5 yr. field 
exposure by the solid bars. The data 
shown are the average values for three 
specimens. In the field, the 3 by 4 by 


_16-in. concrete beams were exposed to 


the weather lying on the ground with a 
4-in. face horizontal. Due to the fact 


that these small specimens were lying on 
the ground during the winter, they were 
3 subjected to unusually severe freezing- 
_and-thawing exposure. It is probable 
_ that some of the expansion of these speci- 
_ mens with outdoor storage is due to this 


show more expansion in both the labora- 
tory test and in the field than those made 
with the same cement and Blue River 
aggregate. 

At the end of 5 yr. outdoor exposure, 
only one of the concretes made with the 
Kaw River aggregate and the cements 
of group I have shown excessive expat- 
sion. All of the concretes made with 
the Kaw River aggregates and the ce 
ments of group III have shown excessive 
expansion. 

In ‘some of our earlier studies for cer- 
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tain combinations, 24 by 24 by 6-in. 
slabs were placed in outdoor exposure 
together with the 3 by 4 by 16-in. beams. 
Observations on the larger sized speci- 
mens have apparently shown results 
that are more consistent with the expan- 
sion obtained in the laboratory test. 
For the past 3 yr., a different type of 
field exposure specimen has been used. 
This specimen is shown in Fig. 4. Com- 


8" Gage 


Ground Line 


L 


Fic. 4.—Suggested Field Exposure Specimen. 


parative data for this type of specimen 
are as yet not available. Freezing fail- 
ures have occurred with some of the 3 
by 4 by 16-in. beams in which the com- 
panion block illustrated in Fig. 4 has 
shown no distress. 

Duplicate specimens were also exposed 
'0 moist room storage at 70 F. for 1 yr. 
and to continuous warm moist storage 
in closed containers at 130 F. for 1 yr. 
In all instances, the expansion was negli- 
gible, less than 0.03 per cent for moist 
‘oom storage at 70 F. and less than 0.04 
per cent for warm moist storage. 
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Mortar bar specimens (1 by 1 by 11- 
in.) showed negligible expansion during 
1 yr. storage in sealed containers at 70 F. 

Forty years of field experience have 
shown but little adverse cement-aggre- 
gate reaction when Blue River sand- 
gravel is used as aggregate while Kaw 
River sand-gravel has an unsatisfactory 
record with many cements. It will be 
noted that only one cement of group III 
produced excessive expansion in the 
field with Blue River aggregate and that 
this expansion was indicated by the 
wetting-and-drying test. 

As might be expected, the concretes 
made of group II cement have shown in- 
consistencies when Kaw River aggregate 
is used. Only four combinations with 
Kaw River aggregate have shown ex- 
cessive expansion in the field and this 
was predicted by the wetting-and-drying 
test which showed over 0.07 per cent 
expansion at 1 yr. for these combina- 
tions. It is significant to note that 
cement Z, which shows the highest ex- 
pansion in the field with Kaw River 
aggregate, has the lowest Na,O equiva- 
lent (0.44 per cent) of any cement in 
group II. 

It is not believed that Kaw River ag- 
gregate concretes in this test have shown 
a typical alkali-aggregate reaction. The 
mortar bars in the sealed containers did 
not develop significant expansion, and 
the concrete beams in warm moist storage 
showed no significant expansion. 

It is believed that other characteristics 
of the aggregate or the cement or of the 
combination contributed to this reaction. 
Probably the use of a very high-alkali 
cement (1.2 per cent or more) might 
produce some reaction with Kaw River 
aggregate. Mr. T. E. Stanton of the 
California Division of Highways has 
found that Kaw River sand reacts mildly 
with high-alkali cements. 

The method of test does, however, 
rapidly develop expansion in concretes 
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made with alkali reactive aggregates and 
-high-alkali cements. Mielenz and Witte 
(4) report that this type of test (wetting 
and drying), as developed in the labora- 
tories of the U. S. Bureau of Reclama- 
tion, accelerates the alkali-aggregate 
reaction. 

Concrete beams made with a cement 
having an alkali content of 0.99 sodium 
- equivalent and Blue River sand-gravel 
_ made active by the addition of 5 per cent 
_ of siliceous magnesium limestone showed 
an expansion at 60 days of 0.198 per cent 
in the wetting-and-drying test, while the 
warm moist storage at 130 F. showed an 
expansion of 0.148 per cent. It is be- 
lieved the test method is of unusual 
value for many aggregate and cement 
combinations where incompatibility is 
at a low level or borderline state of ac- 
ceptability. 

It is the author’s opinion that too 
little attention has been given to the 
importance of coarse aggregate in a con- 
crete and its effect upon the cement- 
aggregate reaction. Studies at Kansas 
State College (5) and the result of field 
observations show that certain coarse 
aggregates definitely inhibit the de- 
terioration. This method of test and the 
size of specimen used in the test make 
it possible to study the effect of all of the 
constituents of the concrete mixture. 


CONCLUSIONS 


In conclusion, the author would like 
to point out several significant facts 


(1) W. E. Gibson, “A Study of Map-Cracking 
of Sand-Gravel Concrete Pavements,” Pro- 
ceedings, Highway Research Board, Vol. 18, 
Part I, (1938). 

(2) W. J. Arndt, ‘“Temperature Changes and 
Duration of High and Low Temperatures 
in a Concrete Pavement,” Proceedings, High- 
way Research Board, Vol. 23, p. 273 (1943). 

(3) E. R. Dawley, “Alternate Heating and Cool- 

ing of Mortar,” Journal, Am. Concrete Inst., 

Vol. 7, No. 5, May-June, 1936, p. 609. 
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about this method of test which makes jt 
of unusual value as a means of studying 
cement-aggregate reactions or incom. 
patibility of the constituents of con 
crete. 

1. It makes it possible to study the 
effects of all of the constituents of con- 
crete; the cement, the fine aggregate, 
the coarse aggregate, and any additions 
or treatments that might be introduced, 

2. It introduces no unusual handling 
or exposure procedures. The tempera- 
tures and humidities used are well within 
the range of natural exposure. 

3. The method may readily be made 
automatic or semi-automatic in its opera- 
tion. Several such devices have already 
been put into operation at other labora- 
tories. 

4. All concrete tests of this type should 
be paralleled by concrete specimens 
placed in the field for outside exposure. 
This is of the utmost importance. 

5. Specimens for outside exposure 
should be larger than the 3 by 4 by 16 
in. beams. Field experience indicates 
that a larger specimen is more resistant 
to freezing and thawing and, conse- 
quently, less likely to cause confusion 
in the interpretation of the type of failure 
which may occur. A specimen like that 
shown in Fig. 4 is recommended. 

6. The effect of cement-aggregate re- 
action can best be measured by expan- 
sion of the test specimen. Change in 
sonic modulus has not been found satis 
factory for measuring this type of de- 
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Me. T. E. Stanton! (presented in 
writlen form).—Mr. Scholer describes 
method of determining the probability 
of a cement-aggregate reaction in any 
mixture of cement, fine aggregate and 
coarse aggregate,” the test essentially 
consisting of subjecting specimens of con- 
crete approximately 3 by 4 by 16 in. to 
exposure of alternate drying at a raised 
temperature and wetting immersed in 
water at room temperature. He contends 
that “for the extremely rapid reactions 
that may be secured with unusually high- 
alkali cement and reactive aggregates, it 
is much faster than the commonly ac- 
cepted mortar bar test in a sealed con- 
tainer.” 

Nowhere in his paper does Mr. Scholer 
present comparative test data substan- 
tiating the above contention. 

In tests conducted by the Materials 
and Research Department of the Cali- 
fornia Division of Highways with high- 
alkali cement - reactive aggregate combi- 
nations, excessive expansions have de- 
veloped in two weeks or less when stored 
in sealed containers at 100 to 110 F. 

The reactive fine aggregate from the 
Santa Clara River, Ventura County com- 
mercial deposits at Saticoy, Montalvo 
and Piru always develop excessive ex- 
pansion in two to four weeks in the sealed 
container test at 100 to 110 F. 

Mr. Scholer describes results in an 
alternate wetting-and-drying test which 
"ere duplicated by us over ten years ago 
‘our search for an appropriate test 


of laterals and Research Engineer, California Division 
Ways, Sacramento, Calif. 


DISCUSSION 


949 


procedure to duplicate the cement-aggre- 
gate reaction observed in constructed 
works. 

At that time, through alternate wet- 
ting and drying tests we developed ex- 
cessive expansion and ultimate failure of 
concrete specimens in which the coarse 
aggregate consisted of a non-reactive 
shale. The results of the above tests are 
illustrated in the accompanying Fig. 5. 

It is conceivable that with certain size 
test specimens an accelerated expansion 
may be developed through some alternate 
wetting and drying procedure which is 
the result of both a cement-aggregate 
reaction and a normal increase in volume 
of the aggregate which has no relation 
to the cement-aggregate reaction phe- 
nomena. 

Hundreds of tests by this department 
have demonstrated that no form of wet- 
ting-and-drying test can be depended 
upon to disclose a potential adverse ce- 
ment-aggregate reaction in tests on rela- 
tively small sized specimens, and it is very 
doubtful if any part of an accelerated 
expansion developed from alternate wet- 
ting and drying which may have been 
due to a cement-aggregate reaction is as 
rapid or as great as would have developed 
had the sealed container procedure at 
100 to 110 F. been followed. 

Mr. D. O. Woo.tr.?—Mr. Scholer has 
mentioned the thing that I think is of in- 
terest in this paper which is in addition 
to the presentation of a method of test. 

If consideration is given to the service 


_ *Senior Materials Engineer, Public Roads Administra- 
tion, Washington, D. C. 
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record of the several pieces of concrete 
which were used in these tests, it will be 
found that there are three cements with 
which specimens were made and good 
results were obtained, and there are four 
_ cements with which specimens were made 
and exceptionally poor results were 
obtained. 
_ This is on the basis of service record, 
not of the wetting-and-drying cycle. If a 
comparison is made between the three 
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nesia content and its effect on the dura- 
bility of concrete made with the cement. 

The three cements which give the best 
results in this series of weathering tests 
are cements H, M, and B. They have an 
average magnesia content of 1.42 percent, 
The four cements which give poor results 
areI,U, X,and Y. They have an average 
magnesia content of 3.12 per cent. 

The magnesia is all within the specifi- 
cation limits, but it certainly does appear 
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Fic. 5.—Tests to Compare the Relative Influence of Shale and Granite Coarse Aggregate on the 
Volume ‘“hange of Concrete When Subjected to Alternate Wetting and Drying 
oe Cycles at the Temperatures Noted. 


Test Specimens 2 by 2 by 11}-in. Bars (Effective Gage Length 10 in). 


cements with good results and the four 
cements with poor results, the only sig- 
nificant difference which can be found 
in the chemical analyses of the seven 
cements is the magnesia content. 
For quite a long time persons have 
been talking about magnesia in cement. 
We have instituted the autoclave sound- 
ness test to be sure that cement does not 
contain excessive amounts of free mag- 
-nesia or free lime. In spite of that, there 
are still occasional references to mag- 


to indicate that there must be some dif- 
ference between the cements which have 
a smaller amount of magnesia and the 
ones which have the larger amount. 
can find no other significant difference 
between these seven cements. I think 
that in these tests, Mr. Scholer did men- 
tion that magnesia was possibly sig- 
nificant. He didn’t elaborate on it but I 
think it is worth while elaborating ©, 
and that these tests are of sufficient mo- 
ment to cause us to re-examine chem) 
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analyses of cements which have g'ven 
good and bad results in service. If greater 
consideration should be given to mag- 
nesia we might be able to find one of the 
several missing factors that may still exist 
in our studies of cement and concrete. 

Mr. Blanks? of the Bureau of Reclama- 
tion published a paper in the Proceedings 
of the American Society of Civil Engi- 
neers in which he discussed the behavior 
of portland-cement concrete. He said 
among other things that there may be 
a number of different considerations, all 
of which added together spell success or 
failure of concrete, anyone of which by 
itself would not be of any essential 
consequence. Possibly if we add alkali to 
magnesia to some other things we will 
some day find out why some concretes 
hold together and some others go to 
pieces. 

Mr. Bryant MATHER.‘—The paper 
presented by Mr. Scholer represents a 
milestone of concrete research. We have 
here a non-freezing weathering test de- 
scribed as being applicable for predicting 
the durability of any concrete, repre- 
senting any cement-aggregate combina- 
tion, recommended by a man who is 
perhaps more familiar with intricacies 
and complexities of testing concrete for 
durability than anyone else. 

I feel, however, that as presented it is 
a research procedure and not yet a 
routine test for concrete materials. 

I would like to inquire of Mr. Scholer 
whether, in his opinion, it would perhaps 
be possible to simplify and further accel- 
erate the test? 

_ The paper, as presented, states that it 
S of utmost importance that in parallel 
with specimens tested in the laboratory 
there shall also be specimens exposed in 
the field. It is indicated that a number of 


ten” Blanks, Modern Concepts Applied to Concrete 
ale,” roceedings, Am. Soc. Civil Engrs., Vol. 75 
No.4 April, 1919, 1 4 Am. Soc. Civil Engrs., Vol. 75, 
‘ment Concrete Research Div., Waterways Exper- 
rie Station, Corps of Engineers, U. S. Army, Jackson, 
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years are required to gain the information 
from the field specimens. 

I suggest that a routine test should, at 
least ultimately, be able to stand on its 
own merits and not require correlative 
data from natural exposure. 

Secondly, it appears that the results 
are not available from the laboratory 
test in many cases until a year after the 
specimens are made. For routine testing 
of materials proposed for specific con- 
struction, that period of time is seldom 
available. 

I wonder if the test can be accelerated 
by modification of exposure conditions. 
Mr. Scholer has said the test introduces 
no unusual conditions of handling and 
emphasizes that the temperatures and 
humidities of the exposure used are 
within the range of those which occur in 
nature. However there must be some 
unusual conditions about the test for it 
to be accelerated at all. At least the re- 
sults are obtainable sooner than they are 
in nature. If, then, it is accelerated al- 
ready, perhaps it might be accelerated 
further. Perhaps cooling to a lower tem- 
perature could be used. Lower tempera- 
tures are, of course, known in nature. 
Perhaps the rate of temperature change 
could be increased, and perhaps a cycle 
involving a combination of heating and 
wetting opposed to cooling and drying 
might be used to give a maximum volume 
change per cycle. 

I should like to know what Mr. 
Scholer’s feelings are as to the possibility 
of eliminating the field specimens and 
accelerating the test for routine use by 
modification of the exposure conditions. 

Mr. C. H. ScHOLER (author’s closure). 

‘Referring to Mr. Mather’s discussion, 
I agree in principle with his suggestion 
that this procedure is a research pro- 
cedure and not yet a routine test. I say 
this for two reasons: 

1. In the present state of our knowl- 
edge of durability tests, whether for 
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freezing and thawing or for determina- 
tion of adverse cement-aggregate reac- 
tions, all methods are in the research 
phase. As long as we know so little about 
the significance of the tests which we 
are performing, they should be looked 
upon primarily as research and investi- 
gation even though we may be, at the 
same time, compelled to accept the re- 
sults as our most significant guide for the 
routine acceptance or rejection of a ma- 
terial. 

2. As implied by Mr. Mather, the test 
takes too long for its completion. We are 
making every attempt to find some faster 
method of securing this information, with 
some rather promising results. I should 
like to point out, however, that the more 
rapidly we accelerate this test, the more 
subject to question will be the results 
which we secure. 

For both of the above reasons I still 
insist that it is of the utmost importance 
that we have parallel field specimens 
under normal exposure which may later 
be compared with the results of our ac- 
celerated test. As suggested by Mr. 
Mather, ultimately, we hope to be able 
to develop a test which will really stand 
upon its own merits. Merely to fail to 
make parallel field specimens does not 
indicate that the test has reached such a 
degree of standardization. A typical ex- 
ample, for instance, is the autoclave test 
for soundness of cement. The author has 
never seen any field data to indicate that 
this test is really a measure of soundness 
of the resulting concrete. There is every 
reason to believe that cement with an 
expansion many times the limits pro- 
vided in our specifications may produce 
acceptable results. The author has a 
series of field specimens of concrete that 
have been in the field for over eleven 
years. These specimens were mgde up 
with cements having expansions from 
slight shrinkage to over ten per cent 
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expansion. To date, all concretes are per- 
forming alike. 

As stated in the paper, the test pro- 
cedure does not involve unusual ranges 
of temperatures or humidities. It does, 
however, provide for an unusually rapid 
change in these temperatures and hu- 
midities. As to what extent this rate of 
change might be increased without in- 
troducing complications, only a research 
covering many years will be able to de- 
termine. 

Referring again to Mr. Mather’s ques- 
tion as to whether or not it would be 
possible to eliminate the field specimens, 
the author wishes to point out that the 
field specimens are unnecessary if one is 
willing to accept the results of the ac- 
celerated test as final. As stated pre- 
viously, it is the author’s belief that our 
present state of knowledge is so limited 
in matters of concrete durability that it 
would be a very wise procedure to, every 
year, place many field specimens dupli- 
cating our accelerated tests for later ob- 
servation in the hope that some day we 
would be able to develop more significant 
tests and test limits for concrete 
durability. 

Mr. Stanton points out that the author 
included no data in his original paper 
showing that the proposed wetting-and- 
drying test for predicting cement- aggre- 
gate reaction was faster than the stand- 
ard mortar-bar test for predicting such 
reaction. This is true, and perhaps the 
author was in error in not including these 
data. The results were all negative, and 
as a result, the data were omitted. Stand- 
ard mortar-bar tests were made on the 2 
cements with Blue River and Kaw River 
aggregate, shown in Figs. 2 and 3. After 
two years of exposure the expansions 
were all nominal: 0.01 to 0.02 per cent. 
Mr. Stanton states that many hundreds 
of tests in his laboratory indicate that the 
wetting-and-drying test showed no re 


sults with their aggregate. The tests de- 
scribed by Mr. Stanton, although they 
are wetting-and-drying tests, in no wise 
duplicate the procedure outlined in this 
paper. In one instance he uses 4 days in 
water at 70 F. and 3 days in the oven at 
150 F. This procedure provides for a very 
severe drying situation at a temperature 
such as to produce very unsatisfactory 
results. In another instance they were 
placed in water at 150 F. and in an oven 
at 150 F., in each instance for several 
days at a time. Again these temperatures 
are excessive, and the drying cycles very 
severe. It is the author’s belief that both 
the size and shape of the test specimen 
as well as the temperature changes to 
which it is exposed must be very closely 
controlled in order to have parallel tests. 
Mr. Stanton states that he has made 
hundreds of tests which have demon- 
strated that no form of wetting-and-dry- 
ing test can be depended upon to disclose 
a potential adverse cement-aggregate re- 
action regardless of the size of the 
specimen. The example which he sub- 
mits, however, in no wise duplicates the 
test suggested by the author and if he did 
make tests which approximately dupli- 
cate those described by the author, it is 
unfortunate that he did not use these 
examples in presenting this discussion. 
We have conducted a very limited 
series of tests as to the effect of size of 
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the test specimen using 1 by 1-in. mor- 
tar bars, 3 by 4 by 16-in. prisms, and 
6-in. cubes. At the end of 125 cycles of 
wetting and drying the expansion shown 
by the 1 by 1-in bar was negligible. The 
3 by 4-in. prism showed an expansion of 
0.10 per cent, and the 6-in. cube showed 
an expansion of 0.30 per cent. 

Mr. Woolf’s comments on the signifi- 
cance of magnesia in the cement would 
appear to be pertinent by the data sub- 
mitted. However, if the magnesia is a 
significant element one would wonder 
why the reaction with Blue River was 
not similarly affected, as indicated with 
the Kaw River aggregate. It will be noted 
that for both groups and 1 and 2 cements, 
the Blue River aggregate has developed 
but little expansion after five years of 
field exposure, whereas the Kaw River 
aggregate has developed critical ex- 
pansion in several instances. It should 
further be pointed out that cement R, in 
group III, the cement which has the 
highest magnesia content of any of the 
cements, tested, shows the lowest field 
expansion with both Blue River and Kaw 
River aggregate. It is not believed that 
the expansion can be explained by mag- 
nesia content alone. It is very likely that 
a combination of two or more adverse 
actions is in many instances responsible 
for the deterioration observed. 


: 
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CHEMICAL REACTIONS OF INDIANA AGGREGATE 


IN DISINTEGRATION OF CONCRETE* 
By Fioyp O. State! 


This study was made to determine whether or not chemical reactions of | 
aggregates have played an important part in the disintegration of certain con-— 
crete pavements in Indiana. Previous field work had shown a positive correla- _ 


tion between certain types of disintegration and the type of coarse aggregate __ 


used in the mix. In the present study, two general approaches were used: First 
a series of widely accepted, empirical tests for chemical reactivity between _ 
cement and aggregate were performed (expansion bar tests, alkali-immersion _ 
pat tests, and alkali-reactivity “bomb” tests) on most of the major types of 
Indiana’s limestone aggregates and some of the gravels—both good and bad. 
Second, several specific tests were made on the suspected reactants (chemical 
analysis of aggregate, petrographic analysis of aggregate, petrographic analysis __ 
of disintegrated concrete, macroscopic examination of disintegrated concrete, __ 
and others). Considerable information was collected concerning chemical and _ 

mineralogical composition of several of Indiana’s sedimentary rocks. For the 
aggregates studied, no appreciable chemical reaction was found which would 


cause disintegration of concrete. 


Disintegration of certain concrete 
pavements, as evidenced by complete 
failure, by blowups, and by map crack- 
ing, has been found to be an important 
problem in Indiana (7).? An effort has 
been made by the Joint Highway Re- 
search Project, Purdue University, to 
determine the cause of this disintegra- 
tion. The study was divided into two 
phases, chemical and physical (5); this 
paper is a report of the chemical study. 

Extensive field surveys established a 
positive correlation between disintegra- 
tion and type of coarse aggregate used; 
no other factors were found to correlate 
with disintegration (7). In various other 


* Presented at the 52nd Annual Meeting of the Society: 
June 27-July 1, 1949. 

! Research Chemist, Joint Highway Research Project, 
Purdue University, West Lafayette, Ind. 

2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 961. 
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parts of the country, a similar correlation 
was found, and the disintegration was 
attributed to expansion resulting from 
chemical reaction between certain con- 
stituents of the aggregate and alkalies in 
the cement. An extensive literature has 
been published on this alkali-aggregate 
reaction. Considerable previous work 
has been done on disintegration of con- 
crete with reference to soundness, freez- 
ing-and-thawing durability, improper 
proportioning and placing, poor mate- 
rials (cement and aggregate), thermal 
expansion, and other items. 

The results obtained from this study 
are applicable to all aggregates of similar 
chemical and mineralogical composition, 
and are not limited to rocks from Indiana. 
Similar materials are found in Ohio, 
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Tennessee, Kentucky, Illinois, Missouri, 


lowa, Wisconsin, and Michigan, and 
yethaps in other parts of the country. 
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sab Field Per- 

Type Geologic Formations and Period formance* 
Dolomitic limestone Kokomo—Silurian Bad 
Limestone St. Genevieve—Miss. Good 
Cherty limestone St. Genevieve—Miss. anes 
Chert Chert from Liston Creek—Silurian | Bad 
Dolomitic limestone Ls. from Liston Creek—Silurian Good (?) 
Limestone Kenneth—Devonian Aan 
Cherty limestone Kenneth—Devonian 
Limestone Kokomo—Silurian Bad 
Dolomitic limestone Kokomo—Silurian Bad 
Limestone Beechwood—Devonian 


Dolomitic limestone 
Dolomitic limestone 
Limestone 
Dolomitic limestone 
hert 
Dolomitic limestone 
Limestone 
Limestone 
Dolomitic limestone 
Dolomitic limestone 


Dolomitic limestone 
Limestone 


Limestone 
Limestone 
Dolomitic limestone 
Limestone 
Limestone 
Dolomitic limestone 
Chert | 

Dolomite 
Limestone 
Dolomitic limestone 
Dolomitic limestone 
Limestone 
Limestone 
Limestone 
Limestone 
Limestone 
Limestone 
Dolomitic limestone 
Limestone 
Dolomitic limestone 
Limestone 
Limestone 


Limestone 
Limestone 
Limestone 
Dolomite 


Limestone 
Dolomitic limestone 
Sand 

Gravel 

Gravel 

Gravel 


effersonville—Devonian 
effersonville—Devonian 


St. Louis (?)—Miss. 
Kokomo—Silurian 


Liston Creek—Silurian 
Liston Creek—Silurian 
St. Genevieve—Miss. 

Liston Creek—Silurian 
Liston Creek—Silurian 


Reef in Liston Cr.—Silurian 


Kokomo—Silurian 


Beechwood—Jeffersonville—Devo- 


nian 
Beechwood—Devonian 
Jeffersonville—Devonian 
Jeffersonville—Devonian 
St. Genevieve—Miss. 

St. Genevieve—Miss. | 
Jeffersonville—Devonian 


Chert ledge in Borden—Miss. _ 
Reef in Liston Creek (?)—Silurian 


St. Genevieve—Miss. 


Geneva—Devonian 
Kokomo—Silurian 


St. Genevieve—Miss. 


Glen Dean—Miss. 


St. Genevieve—Miss. 
St. Genevieve—Miss. 


Harrodsburg—Miss. 
Laurel—Silurian 


Jeffersonville—Devonian 


Kokomo—Silurian 
Kokomo—Silurian 
?—Miss. 


St. Genevieve—Miss. 


?—Miss. 
St. Louis—Miss. 
St. Louis—Miss. 


Liston Creek or Mississinewa—Silu- 


Tian 


Jeffersonville—Devonian (?) 
Jeffersonville—Devonian (?) 


Glacial sand 
Glacial gravel 
Ohio River Gravel 


| Wabash River Gravel 


Siliceous magnesian limestone from Calif. 


Sand 


Laboratory? Source® 

No. 210..... No. 9-1S 
No. 67-2S 
No. 67-2S 
No. 35-2S 
No. 35-2S 
No. 34-28 
No. 34-2S 
No. 277-C No. 34-2S 
No. 282-D, H..... No. 3-1S 
No. 284. No. 47-2S 
No. 9-1S 
See No. 35-2S 
w No 67-1S 
No. 27-2S 
No. 292-Di, Ez No. 35-3S 
No. 293-D.............] No. 90-1S 
No. 294-As, As, Bs, Ba, 

No. 298-A. No. 71-18 
No. 40-3S 
No. 299-Az.......... No. 40-3S 
No. 40-3S 
No. 2003-As, As, As....| No. 59-1S 
No. 2003-As........... No. 59-1S 
No, 2004-Cz........... No. 3-1S 
No. 23-4S 
No. 2010-Aa, As........ No. 67-8S 
No. 70-6S 
No. No. 34-5S 
No, 2003-3... No. 59-1S 
No. 2024-1, 2 No. 13-4S 
No, 2025-Aa, 1, 3..... No. 47-10S 
No, 2027-2, 3, 4, 5 No. 60-1S 
No. 2028-1, 2, 3, 4, 5 No. 53-2S 
No. 2029-1, No. 40-65 
No. 2030-As, Bs........ No. 3-1S 
No. 2031-1, 2, 3, 4..... No. 34-5S 
No 2031-5, 6.......... No. 34-5S 
Ne. No. 51-1S 
No. $9-1S-3....... No. 59-1S 
No. 47-1S........ No. 47-1S 
No. 47-25-S No. 47-2S 
No. 47-2S-H No. 47-2S 
No. 85-1S...... No. 85-1S 
Ann-A.......... 
Ano-B, C 
wee No. 79-1 
ue 82-1G 
de 

Sriptio; 


ratory numbers usually represent ledges of stone, while source numbers eoually 
ns of samples and of source locations are on file at the Joint Highway Researc 


After a survey of this previous work, 
it was decided to use the following 
approach to determine whether or not 


TABLE I.—INDIANA AGGREGATES TESTED FOR CHEMICAL REACTIVITY IN CONCRETE. 


represent quarries. Complete 
Project, Purdue University. 


om of canton furnished by D. W. Lewis, Purdue University, and based mostly on records of the Indiana Depart- 


© Ratin 
ally ref 


are applicable. 


Conservation, Division of Geology. 


gs are based on performance records of pavements made with the aggregate in question and, as a result, usu- 
er to entire quarries, as represented by source numbers and not laboratory sample numbers. 


The scope of such problems is indicated 
ina recent paper by Woods (8). Gravel 
limestones as well as quarry limestones 


chemical reactions involving coarse ag- 


gregates were primarily responsible for : 
disintegration of Indiana’s concrete 
pavements: 


|| 
“4 
4 
if 
Pid 
* 
Bad 
Bad 
Bad | 
Geol 
Good (?) 
| Good 
..| Bad 
| 
| 
Good 
Good 
Good 
| Good 
| Bad 
— Bad 
| 
| Good 
| Fair 
Bad 
Poor 


1. Perform the widely-accepted, em- 
pirical tests for detection of alkali- 
aggregate reaction (expansion of mortar 
bars, alkali-immersion pat tests, and 
“bomb” tests for alkali reactivity of 
aggregates). 

2. Make chemical analyses of the 
major types of aggregates. 

3. Make petrographic analyses of the 
major types of aggregates. 

4. Make petrographic studies of dis- 
integrated concrete for evidence of 
chemical action. 

5. Make macroscopic examinations of 
disintegrated concrete for evidence of 
chemical action. 

6. Make miscellaneous tests. 


EXPERIMENTAL WorkK 
Materials: 


Table I lists the aggregates studied. 
Three portland cements were used. 
Cement No. 302 had an alkali equivalent 
of 1.14 per cent sodium oxide; No. 303, 
0.75 per cent; and No. 304, 0.40 per cent. 


Procedures: 
Chemical Analyses.— Standard 
methods, usually those of H. S. 


Washington (6), were used. The single 
precipitation urea method for calcium 
was substituted for the usual double 
precipitation. The insoluble residue was 
determined by placing 10 g. of material 
passing a No. 100 sieve in 200 ml. of 
water, adding hydrochloric acid to the 
color change of methyl red then 10 ml. 
excess, heating to incipient boiling, 
filtering, and weighing. The clay content 
was estimated by determining the iron 
oxide group in the insoluble residue, 
determining the iron content of the iron 
oxide group, subtracting ferric oxide 
from total iron oxide group to obtain 
alumina, and multiplying the alumina 
content of the insoluble residue by a 


— 
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factor 4 (average content of alumina in 
clay likely to be present). This procedure 
(an estimation, not a determination) was 
based on the assumptions that all the 
clay would remain with the insoluble 
residue, that all the alumina in the 
insoluble residue was present in clay, and 
that the factor 4 was valid. 

Petrographic Analyses.—Thin sections 
of aggregates (and in some cases of good 
and of disintegrated concrete containin; 
these aggregates) were prepared and 
examined for presence of constitutents 
recognized as reactive with alkalies in 
cement and, in the sections of concrete 
for any evidence of detrimental chemica 
reaction at the interface of cement and 
aggregate. 

Expansion Bars.—This test, evolved 
from Stanton’s work (1), is widely 
accepted as an empirical method of 
determining presence or absence of 
detrimental alkali-reactive aggregate. In 
the tests reported here, 1 by 1 by 10 
in. mortar bars were stored vertically 
over water in a sealed container at 
80 + 5 F. and were measured periodical) 
for changes in length. 

Bomb Tests.—The procedure followed 
that outlined by Mielenz, Greene, an 
Benton (2) involving reaction of powdered 
aggregate with 1 NV sodium hydroxide for 
24 hr. at 80 + 1 C. in a sealed container 
followed by measurement of reductio 
of alkalinity and solution of silica 
A “Parr” bomb was used in place of th 
one recommended, and sample sizes 
were reduced correspondingly. 

Pat Tests (4).—Pieces of aggregatt 
were used to make 2 in. mortar cubes 
which were sawed in half, then stored 
for two months under the surface of an 
alkaline solution. The faces of the 
aggregate particles were examined for 
evidence of reaction, including irradt 
ation by ultraviolet light in a darkroom 
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Macroscopic Examination of Concrete. 
—During field trips, pieces of concrete 
were broken from many different pave- 
ments and examined for beads or pockets 
of reaction products from alkali-ag- 
gregate reaction and for any other signs 


listed in Table II. In general, the dolo- 
mitic limestones had poorer field per- 
formance and were more porous and 
more absorptive (5) than the calcitic 
limestones. This may be associated with 
mode of formation; it is deserving of 


| | | | | 
vo. oO. No. | No. No. No. No. No. vo. vo. 0. No 
210 267 267-1 | 270-C | 270-L 272 (| 277-A | 277-B | 277-C 282-D | 282-H | 283 
| 
3.00 1.11} 10.5 65.5 4.81) 60.07) 0.86) 4.7 4.2 0.56} 0.57 
R03’... 1.3 1.80 3.2 2.27 1.8 0.51 1.3 0.83; 4.0 0.67 2.90 4.20 
Fe... 0.61 0.27| 0.32 0.78 0.58 1.07 0.65 0.15 1.40 0.50 0.20 0.62 
FeO... 0.09 0.09) 0.07 0.05 0.06 0.00 0.00 0.00 0.06 0.05 0.06 0.05 
MgO... 19.4 0.34) 0.44 5.98) 19.9 0.32 0.15 0.37) 17.8 18.42) 18.07) 17.1 
29.9 54.64) 48.2 10.6 28.6 53.7 20.86) 54.9 29.8 33.60} 32.1 33.2 
ere 0.08 0.09| 0.00 0.01 0.00; 0.07 0.04 0.05 0.10 0.00 0.13 0.19 
DE sa ircesawkiceacdane 0.22 0.00 0.18 0.14 0.30 0.13) 0.00 0.02 0.18 0.00 0.10 0.09 
Uncombined water 110C. 0.13 0.05; 0.09 0.09 0.05) 0.03} 0.06 0.06 0.04 0.05 0.04 0.03 
Combined water 110 C.. 0.09 0.16, 0.35 0.36 ge 0.13 0.34 0.07 0.17 0.05 0.08 0.07 
0.21 0.13) 0.11 0.09 0.12 0.09 0.16 0.20 0.24 0.13 0.08 0.16 
44.53) 41.53) 37.7 14.71) 43.3 | 41.5 16.99} 42.7 42.1 44.95) 46.1 44.2 
Organic Carbon......... 0.02 0.19 0.06 0.00 0.00 0.01 0.00 0.11 0.00; 0.08 0.05 0.00 
SOs (Soluble)........... 0.06 0.09! 0.06 0.02 0.03 0.03 0.01) 0.06 0.13) 0.11 0.07 0.10 
0.00 0.09 0.05 0.11 0.14, 0.08 0.06 0.11 0.09 0.12 
99.54, 100.33) 100.71; 99.98 100.48 100.69 100.44 100.84) 99.92) 100.63) 100.70 
0.00; 0.03 0.02 0.04 0.05 0.03; 0.02 0.02 0.04; 0.04 0.03 0.05 
99.54) 100.55) 100.31, 100.67, 99.93, 100.45 100.67, 100.42 100.80) 99.88) 100.60) 100.65 
| | | | | 

Insoluble residue. ...... 4.94) 1.63) nd. | 68.75, 7.05, 14.60 61.61, 1.74, 8.4 | 2.05) 2.57) 3.52 
Clay (estimated) ..... 3.2 | 1.0, nd. | 65/ 4.2) 3.0) 1.1 1.0! 10.4 | | 2.2| 1.4 


Sample Sample 


No. No. oO. 

284 | 293-D |2004-C7) 2005 
3.94) 3.95] 2.5 | 90.6 
4.14 3.0] 2.1] 5.37 
0.23, 0.07} 0.11] 0.32 
0.03! 0.05} 0.07} 0.08 
3.77| 20.02} 15.4] 0.16 

48.33! 29.0] 35.7] 0.41 
0.09! 0.00} 0.02) 0.00 
0.13} 0.03] 0.02) 9.00 
0.14) 0.05} 0.03) 0.11 
0.40} 0.50) 0.10) 0.80 
0.06, 0.23} 0.10) 0.14 
38.9 | 43.73| 43.83| 2.10 
Organic Carbon......... 0.20) 0.04) 0.03} 0.00 
30s 0.25 0.09} 0.26) 0.05 
Subtotal | 100.80) 100.91) 100.55) 100.14 
0.07) 0.06) 0.10) 0.00! 
100.73, 100.85, 100.45 100.14 
| 

Insoluble Residue ...... 5.64 3.04 n.d. 
Clay (Estimated) .....| 2.6 | n.d. 


| | | | 
Senote Sample Sample Sample Sample Sample Sample Sample 


| | 

Sample Sample 

o. |No. 47-| No. | No. | No. | No. No. | No. 

2007 | 2S-H |47-2S-S) 51-1S | 59-1S-3| 2031-3 | 2031-4 | 2031-6 
| 


| 

| 
1.94 0.31 0.68 0.74 0.01) n.d. n.d. n.d. 
2.61 1.89; 1.6 2.56 2.18) n.d. n.d. n.d. 
0.14) 0.06} 0.07) 0.14) 0.08] nd. | nd. | nd. 
0.02} 0.01] 0.02) 0.03} 0.02) nd. | nd. | nid. 
20.24 0.68 0.72 0.56 0.50) n.d. n.d, n.d. 
30.07| 54.77, 54.38] 54.54) 54.79! n.d. n.d. n.d. 
0.00) 0.04 0.02 0.00) n.d. nd. n.d. n.d. 
0.05 0.04) 0.10 0.00) n.d. n.d. n.d. n.d. 
0.04) 0.04) 0.04) 0.07) 0.03] n.d. n.d. n.d. 
0.32} 0.02) 0.30) 0.06; 0.00) n.d. n.d. n.d. 
0.10} 0.16; 0.26) 0.13) 0.11) n.d. n.d. n.d. 
44.6 | 41.5 | 48.87) 41.02) 41.71) n.d. n.d. | n.d. 


0.00; 0.41 0.18) 0.10) 0.16) n.d. n.d. n.d. 
0.24; 0.07; 0.06] 0.12) nd. | nd. | nd. 
0.08 0.03 n.d. n.d. n.d. 


100.42) 100.20 100.35) 100.05, 99.75 
0.03 0.01 0.01; 0.01) 0.01 
100.39, 100.19 100.34 100.04 99.74 


n.d. n.d. n.d. n.d. nd. | §: 
n.d. | n.d. | n.d. | n.d. nd. 3 


0.4. = no determination. 

Oxides of Al, Ti, Zr, Cr, V, and rare earths. 

otal sulfur minus sulfur in SOs. 

Assuming sulfur present in pyrite, factor = 0.375. 
of chemical action involving the 
aggregates, 

DATA 
Chemical Analyses: 


The results of chemical analyses are 


further study. All the rocks analyzed, 
including cherts, contained only small 
amounts of combined water (retained 
when heated beyond 110 C.). This 
indicates lack of hydrated compounds 
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(hydrated silica compounds may react 
with alkalies in cement). 


Petrographic Analyses of Aggregates: 


There was a notable absence of opal 
and other minerals usually associated 
with alkali-aggregate reaction (3) (except 
for chalcedony in sample No. 270 C). A 
good correlation was obtained between 
quantitative estimations of mineral con- 
tent from petrographic analysis, and 
mineral composition calculated from 
chemical analysis. Petrographic studies 
can furnish much-needed information 
about pore structure of aggregates. 


Sample No. 210.—A fine-grained dolo- 
mitic limestone of porous texture containing 
approximately 1 per cent quartz sand. The 
carbonate is in small rhombs and rhombic 
grains averaging about 0.008 mm. in diam- 
eter. A few rhombs are larger, up to 0.06 
mm. diameter. The rock shows bedding 
marked by alternate layers of fine and coarse 
carbonate. The porous structure follows the 
coarser layers. 

Sample No. 267.—A medium-grained fos- 
siliferous (crinoid) limestone. The fossil 
fragments have been rounded to grains av- 
eraging 0.06 mm. diameter which are set 
closely in a mat of finer fossil fragments. 
The larger fragments have recrystallized to 
single grains of calcite with obliteration of 
most of the organic structure. Impurities: 
about 4 per cent sand (mostly quartz) and 
a little microcline. The sand is a little finer 
in grain than the lime fragments. No clay or 
other impurities could be found. 

Sample No. 270 C.—A chert composed of 

organic silica ranging from subcrystalline to 
chalcedony to fine-grained quartz. The 
silica shows small organic remains. Dolomite 
rhombs are abundant through the silica but 
are very unevenly distributed, ranging from 
10 per cent to 50 per cent in different parts 
of the sample. There is a trace of kaolin clay. 

Sample No. 270 L.—A fine-grained dolo- 
mite containing a trace of fine quartz sand. 
No other impurities were found. The texture 

is compact. The dolomite grains are mostly 
_ automorphic or hemimorphic rhombs av- 
: eraging 0.015 mm. in diameter. 


Sample No. 282 B.—A medium-grained 
recrystallized fossiliferous limestone. It jg 
composed of fossil fragments of various sizes, 
up to 0.4 mm. diameter. Each fragment has 
recrystallized to a single grain of calcite with 
obliteration of most of the organic structure. 
Impurities: 6 per cent quartz sand of sub- 
angular form and rather uniform size averag- 
ing about 0.07 mm. diameter, a few frag- 
ments of collophane showing bony structure, 
less than 1 per cent kaolin clay. 

Sample No. 282 D.—A very fine-grained 
porous dolomite. The carbonate is in hemi 
morphic rhombs averaging 0.01 mm. diam- 
eter Impurities: a little fine quartz sand, a 
few fragments of collophane showing bony 
structure, a trace of kaolin clay. 

Sample No. 282 H.—A fine-grained dolo- 
mitic limestone showing bedding. The bed- 
ding is marked by alternate fine and coarse 
carbonate layers. The coarser layers carry 
from 1 per cent to 2 per cent quartz sand and 
are more porous than the finer-grained lay- 
ers No trace of clay was found. 

Sample No. 283.—A bedded, fine-grained 
dolomitic limestone. The bedding is marked 
by alternate fine and coarse layers. The 
coarser layers carry from 2 per cent to 4 per 
cent quartz sand and a little kaolin clay. A 
little hematite in earthy form and iron oxide 
stains were found associated with the clay. 
The porosity follows the coarser layers. 

Sample No. 2031-3.—An extremely fine- 
grained limestone. It contains a trace of 
quartz. There are extensive deposits of bi- 
tuminous material in small diffuse veinlets 
parallel to the plane of bedding. No fractures 
are evident. Another amorphous material 
(probably clay) is scattered throughout the 
mass in amounts of 2 per cent to 10 per cent. 

Sample No. 2031-4.—An extremely fine- 
grained limestone. It contains very few pores 
of microscopic size and none of macroscopic 
size. There is a trace of quartz present. 
About 2 per cent to 5 per cent of clay plus 
bituminous material is present in fractures. 
These two materials appear to be closely 
associated and occur only in plate-like layers 
—they are not distributed evenly through- 
out the mass, even in part. The residue 1n- 
soluble in hydrochloric acid consists of flat 
plates of amorphous material. This ledge 
stone is variable in appearance. Three mala 
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types occur: (1) an evenly thinly bedded 
limestone of medium gray color, (2) an un- 
evenly bedded limestone predominately 
dark gray in color, and (3) a very dark-gray 
limestone containing appreciable quantities 
of silica, and having few laminations. Ail are 
alike in having very few pores and in con- 
taining the clay and bitumen in definite 
veins. 

Sample No. 2031-6.—An extremely fine- 
grained dolomitic limestone. It contains 
many microscopic pores; the mottled effect 
of the texture indicates the possibility of 
extensive pores of submicroscopic size. There 
are extensive deposits of a bituminous ma- 
terial in fractures parallel with the plane of 
bedding. There is 2 per cent to 10 per cent of 
another amorphous material (probably clay) 
partially concentrated in layers associated 
with the bituminous material and partially 
scattered throughout the mass. Inclusions 
‘approximately 2 per cent) of highly altered 
minerals (probably remnants of organic re- 
mains) follow the bituminous layers. A trace 
of quartz is present. 

Sample No. 85-1S.—A fine-grained, im- 

pure dolomite bed. It is composed of ap- 
proximately 81 per cent dolomite, 12 per cent 
quartz, 5 per cent mica, and 2 per cent 
limonite. The dolomite is in minute rhombs. 
The quartz occurs as small sand grains. The 
mica occurs as shreds, sedimentary in origin. 
The limonite is an alteration product of 
pyrite. The rock is very fine grained and of 
loose porous structure. The sample has been 
altered by oxidation under surface condi- 
tions, 
_ Sample No. Ann A.—A limestone of very 
regular grain size. The calcite grains range 
in size from 0.24 mm. to 0.02 mm. in diame 
ter. The grains show a slight rounding and 
are fitted together at random. There are a 
few thombs, recrystallized, in the finer ma- 
terial that are probably dolomite. The 
organic structure of the calcite is barely dis- 
cernible in some of the larger grains. Im- 
purities: quartz sand, approximately 4 per 
cent; gypsum 2 per cent; collophane showing 
bony structure, trace; kaolin stained by iron 
oxides, trace. The texture is compact. 

Sample No. Ann B.—A very fine-grained 
dolomitic limestone showing bedding of al- 
ternate fine and coarse layers. The coarser 
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layers carry from 1 per cent to 3 per cent 
quartz sand and a little kaolin. A relict struc- 
ture was observed of some prismatic mineral 
based on the coarser layers and projecting 
into the finer layers. The mineral has been 
replaced by granular calcite. 


TABLE III.—MORTAR BAR EXPANSION TEST FOR 
ALKALI REACTIVITY OF CONCRETE 
AGGREGATES.* 


« 


= Expansion, per- 
Composition of Bars centage of Bar : 
Length 
Aggregate Tested to Piller 
0.003/0.007/0. 
00 0.001/0.003/0. 
100 0.010\0.016| . 
100 0.000/0.001) . 
5 [0.141/0 
5 10.045/0. 
5 |0.025/0. 
5 ... |0.086)0.165 
No. 10 0.005)0.009] ... 
> 10 0.000)0.000) ... 
5 0.001/0.006/0.010 
5 0.000/0.002|0.003 
10 0.001/U.005) ... 
10} Ottawa | ... 
5| 79-1 302/0.000/0.005/0.010 
No. 270-C 5| 79-1 302\0.013/0.018/0.022 
No. 270-C......... 5} 79-1 303'0.001/0.003/0.003 
5} 79-1 302 '0.009/0.005/0.012 
5| 79-1 303|0.000/0.009/0.010 
5} 79-1 302/0.001/0.008/0.011 
5} 79-1 303} ... |0.000/0.001 
79-1 303 ,0.003/0.004/0.005 
10] Ottawa | 303,0.000/0.000} ... 
No. 2004-C7....... 5| 79-1 
No. 2004-C7....... 5} 79-1 303/0 006/0.005/0.010 
79-1 302 '0.006/0.012/0.016 
5) 79-1 
5| 79-1 302 0.012/0.015}0.019 
No. 2007 5| 79-1 303 0.000/0.002/0.002 
No. 79-1G......... 5| 79-1 302| 0.014|0.018 
5| 79-1 303 0.000/0.001|0.005 
No. 82-1G°........ 5} 79-1 302 0.009,0.012/0.024 
Mo. 63-00" .......... 79-1 303 0.008|0.003|0.014 
Noe, 5) 79-1 302 0.012/0.011/0.012 
5) 79-1 303| ... |0.006/0.003 
No. 84-1G°........ 79-1 302 0.011'0.014|0.018 
No. 84-1G®........ 5) 79-1 503 0.002 0.002 0.002 


~ @ Blanks and Meissner (1) say, “Aggregates which show 
no more than 0.02 per cent expansion after six months 
storage may be considered to be nonreactive, those which 
show expansions exceeding 0.04 per cent in this same 
period or earlier should be regarded with suspicion, and 
any giving expansions of 0.1 per cent should be consid- 
ered definitely reactive’’ [when tested at 100 F.]. shied 
All passing No. 4 sieve. 

¢ All retained on No. 4 sieve. 

Sample No. Ann C.—A fine-grained 
bedded dolomitic limestone with alternate 
fine and coarse layers. The section does not 
show relict prismatic structure. Impurities: 

a trace of kaolin clay; approximately 2 per 
cent quartz sand; a few large pyrite crystals 
altered to limonite, and iron oxide stains. 
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Pelrographic Analysis of Disintegrated 
Concrele: 


In no concrete examined was there any 


TABLE IV.—BOMB TEST FOR ALKALI REACTIV- 
ITY OF CONCRETE AGGREGATES.* 


Reduction 


in Dissolved 
Aggregate dy millimoles of Tests 
per liter per liter 

Stanton 290 390 3 
No. 277-A........ 220 wo | 3 
130 7 1 
No. 277-€ 570 1 1 
530 1 7 
530 1 4 
ae 520 1 4 
540 1 4 
250 290 5 
No. 288-LS....... 480 4 3 
470 1 2 
No. 291-Bz........ 430 140 1 
390 200 1 
No. 292-E2 500 4 1 
430 1 1 
No. 294-As........ 540 1 1 
No. 294-Ay........ 590 1 1 
No. 294-B3........ 510 1 1 
No. 294-By........ 500 1 1 
No. 294-Cs........ 450 0 2 
No. 294-Cs........ 560 1 1 
No. 298-A........ 300 1 1 
No. 299-Ay........ 4 1 
No. 299-Az........ 520 1 1 
No. 299-As........ 440 1 1 
No. 2003-A3....... 10 1 1 
No, 2003-As 400 1 1 
No. 2003-As....... 40 2 1 
No. 2003-As....... 20 2 1 
No 2010-A2....... 430 1 2 
No. 2010-As. . 350 1 1 
480 1 1 
340 2 2 
No. 2024-1........ 440 1 1 
No. 2024-2........ 110 2 2 
80 3 1 
130 4 1 
No. 2025-Az....... 10 4 2 
No. 3037-2........ 400 1 1 
No. 2027-3........ 90 4 2 
No. 2027-4........ 200 3 2 
130 1 2 
No. 2028-1........ 530 1 1 
No. 2028-2........ 290 1 1 
60 1 | 1 
No. 2028-4........ 200 2 | 1 
330 1 1 
No. 2029-1....... 400 1 1 
490 1 1 
No. 2030-B4....... 460 1 | 1 
80 4 2 
No. 2031-2........ 100 1 1 
No. 2031-4........ 70 2 2 
| 550 1 1 
No. 2080-2........ | 270 1 1 


“ Mielenz, Greene, and Benton (2) say, ‘For quick 
estimation, aggregates characterized by a ratio of S-/Re 
greater than 1 may be considered deleterious.’’ S. = dis- 
solved SiOz, millimoles per liter; Re = reduction in 
alkalinity, millimoles per liter. 
evidence of chemical reaction between 

aggregate and cement (for example, 
alteration of the aggregate near the 
interface). 
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Expansion Bar Test: 


Results are given in Table III, is. 
dicating that not one of the Indian 
aggregates studied is alkali reactiy 


Bomb Test: 


Results of the bomb test are given 
Table IV, indicating that all India 
aggregates tested, except those from t 
Liston Creek formation, are distinct 
nonreactive with alkali. The Lista 
Creek formation represents a borderlir 
case. The calcitic stones reduced alk 
linity by formation of weakly ba: 
calcium hydroxide, which is on 
partially neutralized by hydrochlori 
acid at the phenolphthalein end point 
This effect was even stronger wi 
dolomitic limestones, because magnesiu 
hydroxide is an even weaker base. TI 
using up of alkali might decrease relea 
of silica, 


Pat Tests: 


Only the Stanton (California) 2 
gregate showed any sign of reaction after 
two month’s immersion in the alkalin 
solution. All the Indiana limestones a! 
gravels tested (210, 267, 282 D, 282 1 
283, 284, 288, 293 D, 294, 2020, 202! 
79-1, 79-1G, and 82-1G) failed to react 


Macroscopic Examination: 


No “gel” pockets or beads (produ 
of alkali-aggregate reaction) were fou 
in any concrete examined. Samples fr 
many locations in Indiana, representing 
many aggregates sources, were examined 


DISCUSSION 

This paper represents an attempt t 
find if chemical reactions were or wer 
not to blame for concrete disintegrati 
The approach was to test, by a process 
elimination, for presence of certain ! 
actions. Since none were found, | 
paper may be termed “negative.” Hos 
ever, this “negative” data is of value 


| 

| 

7 
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because of its interest to users and poten- 
tial users of the aggregates, because it 
eliminates an entire field of consideration 
by researchers studying these mate- 
rials, and because it adds to the store 
of knowledge about properties of rocks. 
There is always a_possibility—surely 
remote—that detrimental reactions did 
occur and that the tests chosen were not 
adequate to discover these reactions. 
As a result, the principal conclusion was 
worded precisely ‘fon the basis of the 
tests used.” 

The term “chemically reactive” as 
used in this paper refers to change in 
molecular composition of materials in- 
volved and does not apply to crystal and 
capillary pressures involved in freezing- 
and-thawing processes. 

Not all aggregate sources in Indiana 
were sampled, and the entire group of 
tests was not run on all the sources that 
were sampled. Sampling procedure was 
a combination of the “grab” and the 
“channel-chipping” methods. It is be- 
lieved that the materials studied are 
generally representative of Indiana 
quarry aggregates; however, it is possible 
that some untested aggregates may be 


‘l) R. F. Blanks and H. S. Meissner, “The Ex- 
pansion Test as a Measure of Alkali-Aggre- 
gate Reaction,” Journal, Am. Concrete Inst., 
Vol. 17, pp. 517-539 (1946). 

(2) R. C. Mielenz, K. T. Greene, and E. J. 
Benton, “Chemical Test for Reactivity of 
Aggregates with Cement Alkalies; Chemical 
Processes in Cement Aggregate Reaction,” 
Journal, Am. Concrete Inst., Vol. 19, pp. 
193-221 (1947). 

3) Roger Rhoades and R. C: Mielenz, “‘Pe- 


trography of Concrete Aggregate,” Journal, 
Am. Concrete Inst., Vol. 17, pp. 581-600 


(1946). 


‘4) T. E. Stanton, “Studies to Develop an Ac- 
celerated Test Procedure for the Detection 


of Adversely Reactive Cement-Aggregate 
Combinations,” Proceedings, Am. Soc. Test- — 


ing Mats., Vol. 43, pp. 875-893 (1943). 
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chemically reactive in a detrimental 


1. On the basis of the tests used, none 
of the Indiana aggregates studied ex- 
hibit detrimental chemical reaction in 
concrete. 

2. Chert from the Liston Creek for- 
mation, although classed as ‘nonre- 
active,” should be viewed with suspicion 
in regard to alkali-aggregate reaction. 

3. Bad field performance is shown by 
a greater percentage of dolomitic than 
of calcitic Indiana limestones. (This 
correlation is probably associated with 
porosity of the aggregate (5, 7)). 
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Mr. Bryant MaATHER.'—We have a 
study here which involves a variety of 
tests, two of which are petrographic. I 
think the correlation between petro- 
graphic work and chemical and perform- 
ance test data is an extremely worth- 
while and important project. 

I have a few quibbles. I note that in the 
list of materials examined there are three 
cherts and two cherty limestones. Ap- 
parently all of the materials that were 
studied were not tested by all of the 
methods. However I find that the petro- 
graphic report on one of the cherts 
(sample No. 270 C) indicates that it con- 
tains chalcedony. 

I should like to point out that it has 
been recognized by many investigators 
that chalcedony is one of the materials 
which is associated with deleterious 
chemical reaction. I do not have any de- 
sire to frighten anybody in Indiana. I 
do, however, believe it would be more 
proper to say that Indiana is free of con- 
crete troubles related to chemical reac- 
tions not because of the absence of chem- 
ically undesirable constituents in its 
aggregates, but rather in spite of the 
fact that chalcedony is there. 

I should also like to mention one point 
in connection with the data on mortar- 
bar expansions. It was my impression 
from the paper that the tests were, in 
almost every case, made on mortars in 
which only a small portion of the material 
under test was blended with a large por- 
tion of inert material. My understanding 
is that this approach is the one that will 
give maximum expansions when the ma- 

1 Engineer, Concrete Research Division, Waterways 


Experiment Station, Corps of Engineers, U. S. Army, 
Jackson, Miss. 


terial under test is a highly reactive 
aggreyate. With an aggregate of only 
moderate chemical reactivity, such an 
approach frequently will mask such ten- 
dency to react as may exist, and most of 
the data which have been published and 
with which these presented here may be 
compared were made on mortar bars in 
which the entire aggregate was the ma- 
terial under test. I think that this point 
might be emphasized. 

Mr. D. O. Wootr.?—This paper states 
that examinations were made of concrete 
which was in a distressed condition and 
that no evidence of chemical reaction be- 
tween the aggregate and cement was 
found, as, for example, alteration of the 
aggregate near the interface. 

I should like to have Mr. Slate de- 
scribe how the concrete was sampled and 
what size specimens were taken, for this 
reason: In the work which we have done 
in trying to sample concrete to determine 
distress due to alkali aggregate reaction, 
we found it practically impossible to chip 
the surface of the concrete off and obtain 
definite information. The concrete near 
the surface or concrete which is badly 
cracked does not appear tocontain the gel 
relics. They have been weathered out. If 
the sampling procedure consisted of re- 
moving a small chip near the surface and 
examining that, I believe a different pic- 
ture would be obtained than if one were 
to examine a large block of concrete and 
reduce that by fracture to small pieces 
and examining those. 

Mr. Harotp Sweer.’—I should like 
to compliment Mr. Slate on a very cleat 


2 Public Roads Administra- 
tion, Washington, D. C. 

3’Assistant Professor of Civil Engineering, The Uni 
versity of Wyoming, Laramie, Wyo. 
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d concise presentation of these in- 
reresting data. In view of the widespread 
ncern over chemical reaction of aggre- 
ates in concrete, it is refreshing to re- 
ceive this report wherein no evidence of 
mical reaction was found. Some of 
ese aggregates, acceptable by standard 
ceptance tests, are clearly shown by 
Jd performance to be unsuitable for 
ncrete. It is clear that standard 
ethods for specifying and testing physi- 
| properties of aggregate require close 
tudy and revision. 
Mr:F. O. SLATE (author).—In reply to 
Mr. Mather, a choice had to be made in 
1e number of different tests to be run 
ecause of limitations of time and equip- 
ment. We chose the 5 per cent material 
to be studied, with 95 per cent filler, as 
the most widely used single test; we 
hose the 5 per cent realizing it would not 
be best for all materials. However, any 
material that is reactive will probably 
how appreciable expansion of a concen- 
tration of 5 per cent. And, in addition, we 
hose other independent tests on alkali 
reactivity, such as the pat test and the 
bomb test, considering that we would get 
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most complete coverage by using various 
independent tests rather than spending 
most of our time on exhaustive tests of 
one kind only. 

I do not claim that we do not get any 
chemical reaction. I state specifically 
that we do not get detrimental chemical 
reaction—that chemical reactions are not 
primarily responsible for the disintegra- 
tion that is obtained. 

(My error in omitting to call attention 
to the presence of chalcedony has been 
corrected in the published paper.) 

In reply to Mr. Woolf, the field speci- 
mens were chipped from the edge of con- 
crete pavements with a sledge hammer. 
They usually were three or four inches 
deep into the concrete and extended, 
whenever we could get such a sample, to 
the bottom of the pavement. They were 
4 to 6 in. wide. These specimens were ex- 
amined visually for appearance of gel or 
for gel remnants, which usually are not 
weathered completely away except in 
thin layers at the surface. We made sev- 
eral thin sections from each of most of 
the specimens—sometimes as many as 
ten for a specimen. 
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confusion among engineers. 


rized. 


materials. 


reef-derived materials. 


of reef-derived materials. 


The engineering properties of the 
‘many useful natural materials derived 
from coral reefs have been the object of 
-much study during the past few years. 
Our present engineering knowledge of 
these materials is built almost entirely 
on war and postwar construction experi- 

ences in the tropical Pacific and in the 
Carribean. We also have available as 
background a considerable literature on 
the geologic, biologic, and oceanographic 
aspects of coral reef formation and altera- 
tion. A bibliography of the principal 
; engineering and geologic contributions 
of most immediate usefulness appears 

at the end of this paper. 
During 1946-47, the author spent one 


; * Presented at the Fifty-second Annual Meeting of 
_ the Society, June 27-July 1, 1949. 
1 AssistantProfessor of Engineering University of Cali- 
fornia, Los Angeles, Calif. Formerlv Senior Testing 
Engineer, Pacific Islands Engineers, Guam. 


ENGINEERING PROPERTIES OF CORAL REEF MATERIALS* 
By C. Martin Duke! 


SYNOPSIS 


For engineering purposes the tropical calcareous earth materials derived from 
coral reefs may be classified as coral, limestone, and cascajo, with coral the 
ancestor of the other two. Using this classification, a basis is suggested for 
the systematization of our knowledge of the engineering properties of corab 
reef materials. Lack of such a basis heretofore has been the cause of much 


The biologic and geologic aspects of coral reef formation are briefly summa- 
Results of tests on cascajo from Guam are presented. This important mate- 
rial exists plentifully on the older tropical islands. The test results, supported 
_by experience, indicate excellent mechanical-, asphalt-, and cement-stabiliza- 


tion properties and fair concrete-making properties for properly selected 


The basic principles developed for design and construction with more con- 
ventional earth materials have been found to apply in practically full force to 


A bibliography is given on origin and growth of coral reefs and on properties 


year on Guam in connection with post- 
war Naval construction, where he di- 
rected investigations of the engineering 
properties of about forty reef-derived 
materials, and of the foundation charac- 
teristics of many more. This paper has 
been written with the two-fold objective 
of making the Guam _ investigations 
available to the profession and of sugges 
ing a basis for engineering classification 
of coral-reef materials. The emphasis 
is on use of these materials in concrete, 
road, and runway work, though an at 
tempt has been made to describe briefly 
the in-place characteristics of reef- 
derived materials in their important rdle 
as foundations of structures. 

The tests described herein were per 
formed under the cognizance of the 
Bureau of Yards and Docks, Rear 
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Admiral J. J. Manning, CEC, USN, 
Chief of the Bureau, Captain E. L. 
Hansen, CEC, USN, Officer in Charge 
of Construction, Bureau of Yards and 
Docks Contracts, Marianas Area, and 
Mr. P. C. MacCallum, General Manager, 
Pacific Islands Engineers. 


ORIGIN OF REEF MATERIALS 


To develop a logical classification of 
oral-reef-derived materials, it is proper 
to consider first the natural processes 
involved in formation, emergence, and 
alteration of coral reefs. Accordingly, 
our current knowledge of these phenom- 
ena, which is far from complete, is 
briefly discussed below. Many of the 
scientific items discussed are contro- 
versial. 

The general requirements for growth 
of coral reefs are (1) conditions favorable 
to the growth of lime-secreting reef- 
building organisms, and (2) favorable 
physiographic conditions of the shore- 
line. 

The largest volume of the growing 
portion of most coral reefs is made up of 
accumulated calcareous secretions of 
coral polyps, which are invertebrate 
animals of the Anemone family. The 
calcium carbonate secreted by coral 
polyps is in the form of aragonite, a 
relatively weak and soluble mineral. The 
cond largest contributors of volume, 
and probably the principal contributors 
of strength, are the secretions of nullipore 
algae, which are plants, mostly of the 
family Corallinaceae. Practically all 
ref-building organisms obtain their 
ood from the sea water. The calcium 
arbonate secreted by nullipore algae is 
nthe form of calcite and some dolomite, 
both of which have greater strength and 
*s solubility than the coral polyp se- 
‘etions. Both of these organisms thrive 
‘clear, circulating tropical sea water at 
depths up to about 130 ft. Their 


*Some reefs have bee ; dominantly i 
ure skeletons (3, 6, 5 formed predominantly of nulli 
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growth is inhibited by water tempera- | ; 
ture below about 67 (3, In their 
newly-hatched or larval stage they are 
transported by ocean currents, and any . 
solid non-shifting section of tropical 
coastline or shallow bottom with favor- 
able water conditions is suitable for 
colonization by drifting organisms. 

Additions to a reef are made on the _ 
shallower portions of its seaward face 
by building-up of coral and_nullipore 
skeletons and other matter such as 
sand, shells, and volcanic sediments, and 
on the deeper portions by accumulation 
in a talus slope of fragments of reef bat- 
tered loose by wave action. Additions i 
are made on the top of a subsiding reef 
due to building up of skeletons, and on 
the shoreward or lagoon side by deposi- 
tion of reef detritus and of detrital ma- 
terial supplied by erosion of the island 
(11). Measurements have _ indicated 
rates of coral growth of the order of one 
inch per year. This may in some cases 
approximate the rate of reef growth > 
since the spaces between corals are filled 
with sand, shells, and sediments and are 
cemented with nullipores (3). The 
growth of reef-building organisms is 
discouraged locally by lack of food, which 
may be caused by stagnant sea water or 
by the dilution of sea water at mouths 
of streams; this fact plus the weathering 
action of the waves account in large 
degree for the formation of gaps and 
cavities in growing reefs. 

A number of hypotheses have been 
advanced to explain the physiographic 
activities leading to the formation of 
modern and recent coral reefs. These | 
hypotheses have been based on exten- 
sive observation, but the subject is still 
one of great controversy among geolo-— 
gists. Reefs have been thought by 
various investigators to have been 
formed (a) by vertical and lateral ac- 
cumulation of coral and nullipore skele- 


3 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 975. 
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tons during gradual or intermittent sub- 
sidence of the coastline or ocean floor 
(1, 2); (6) by lateral accumulation on 
rising coastline (2) (this is not generally 
believed today); (c) by vertical accumu- 
lation on eroded submarine ledges fol- 
lowing rise of the oceans after the “‘ice 
ages” (2) (this is complicated by eleva- 
tion of islands due to mountain-building 
forces). A possible compromise has 
been offered by Stearns (10), who asserts 
applicability of hypotheses (a) and (6) 
to areas of the Pacific east and west, 
respectively, of the eastern edge of the 
Australasian platform, and of hypothe- 
sis (c) to reefs now living. 


Reef Coral 


geologically young materials of the tops 
and lagoons for use in construction work. 

On Guam, and on others of the geo. 
logically older islands in whose develop 
ment coral reefs played a significant part, 
the greatest volumes of coral reef mate. 
rials readily available for use in concrete 
and in road construction are found on 
land. Also on these islands there are 
deposits of older reef materials often 
covered by recent sediments laid down 
in drowned valleys; these reef materials 
are often used as foundations of struc- 
tures. The complicated geologic his- 
tory of these older materials involves 
continuous or intermittent elevation or 


Present Mean 
Sea Level ») 


Coral Sand 


“Lagoon Sediment 


Limestone 
a Firm Base of Voicanic or other Rock 
or of Older Limestone 


Fic. 1.—Schematic Cross-Section of a Coral Reef Formed During a Single Continuous Subsidence 


of the Coast Line. 


It may be seen from the above discus- 
sion that the idealized “living” reef 
consists of a central cemented mass 
(often containing large interior and 
surface cavities) flanked by a talus slope 
to seaward, by lagoon deposits to land- 
ward, and by growing corals and nulli- 
pores on the top and upper seaward 
slope. It rests on a firm base which 
may be bedrock or an older reef. Such 
a reef is illustrated in cross-section in 
Fig. 1. The central mass, which is 
initially composed primarily of cemented 
skeletal remains, tends to be altered in 
various ways depending upon ambient 
geologic conditions. Most often it 
changes by gradual solution and recrys- 
tallization to limestone rock. From 
these living reefs there are obtained the 


subsidence of the once-living reefs, 
complete with their talus, beach deposits, 
lagoon sediments, and surface and in- 
terior cavities. During periods of eleva- 
tion and subsidence the actions of dis- 
integration, decomposition, mountain 
building, erosion, and deposition are at 
work in altering the character of the reef 
materials; the weathering activities of 
the ocean, fresh water, vegetation, and 
wind are all effective (4, 5, 6, 9). The 
form, density, and purity of the older 
materials are therefore more variable 
than can be comprehended. 


ENGINEERING CLASSIFICATION 


An engineering classification of coral 
reef materials according to geologic age 
is presented in this paper, using the 
terms coral, limestone, and cascaj®. 
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nd magnesium carbonates. 
reasonable to apply the same name to the 


The recently-formed “coral” is normally 
he only reef material available on atolls, 
bile larger islands fringed by reefs 
sually contain both recent and older 
«ef materials in addition to volcanic and 
ther rocks. The designation “coral’’ 
ior geologically young materials is gen- 
sally accepted, but this term is also 


mmonly applied loosely to tropical 
careous earths of greater age, result- 
sin much confusion among engineers. 


It is recommended that two additional 


rms be used. 
‘Limestone’ is the common name 


“yen continental deposits of relatively 


rd, pure rock formed by solution and 
bsequent recrystallization of calcium 
It is surely 


ume rocks regardless of where found. 
Limestone” will therefore tbe used in 
efollowing to designate the geologically 
ler, structurally sounder, largely crys- 
lline, reef-derived materials. Lime- 
me usually makes up much of the 
ntral mass of older reefs. 

A third class of coral reef material, 


sually of about the same age as lime- 


me, is formed by processes different 


om those resulting in limestone and 


found in nature in a variety of 
ms, always structurally inferior to 
mestone rock. This third class con- 


ains the lagoon sediments, the talus, 
aid the incompletely altered and ce- 


ented skeletal remains of reef-build- 
4 organisms, all of which have gone 
rough the geologic changes described 
the previous section; it also includes 
detritus of elevated and _ subse- 
uently-eroded limestone reefs and the 
toducts of decomposition of such reefs. 
he name assigned to this class of ma- 
nal is “cascajo.” This term is in com- 
ton use by natives and construction 
tes on Guam; it was adopted from the 
auives by military construction forces 
‘uring the recent world war. ‘The word 
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is of Spanish origin, meaning “gravel,” 
and is pronounced “kas-ka’-ho.” 

In Table I is given a suggested classi- 
fication of coral reef materials using the 
above definitions and based on a survey 
of 35 pits and quarries on Guam, on 
Guam foundation experiences, and on a 
study of the literature. The three prin- 
cipal classifications are further sub- 
divided into the classes of coral reef 
materials useful in construction. The 


TABLE I.—ENGINEERING CLASSIFICATION 
OF CORAL REEF MATERIALS. 


Classification 65, 
= | 32 
ns | Seda 
| 
30 
= < < 
Rest 1.7 to 2.2) 5-20 | A-2 
Coral {Lagoon coral ........ 1.8 to 2.4 5-20} A-3 
2.3 to 3-7 | A-3 
Limestone.. . 2.6 1-3 
Limestone sand...| 2.6 1-3 A-3 
_ {Grade A 2.3 to 2.6) 3 | A-3 
Cascajo ¢Grade B............ 2.3 to 2.5| 5-10 | A-1 
{Grade SEATS 2.2 to 2.4' 7-15 | A-7 or 


table gives representative physical prop- 
erties and approximate U.S. Public 
Roads Administration soil groups; the 
following detailed qualitative descrip- 
tions are keyed to Table I. Quanti- 
tative data on properties are given or 
referred to later. 


Qualitative Descriptions of Classifications 
in Table I: 


Reef coral.—Composed of accumulated skele- 
tons of coral polyps and nullipore algae with 
sand, clay, shells, etc. Growths retain original 
form but are often cemented together. Found 
attached to top and upper sloping faces of grow- 
ing reefs. Usually obtained by dragline or 
clamshell operations, sometimes accompanied 
by blasting, resulting in sandy agglomerates of 
various gradations. Satisfactory for military 
road and runway surface or base, for stabilized 
second-class road and runway surface, and, 
when properly graded, for intermediate- or low- 
grade concrete. A firm to hard in-place founda- 
tion material. 

Lagoon coral.—Composition similar to reef 
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coral, but contains very few cemented fragments. 
Found in reef lagoons mixed with coral sand and 
clay and often with sand and clay of volcanic 
origin. Obtained in useful form sometimes by 
clamshell but more often as a by-product of 
hydraulic dredging, which operation washes out 
most of the clay and pulverizes the softer coral, 
leaving usually well-graded” mixtures of sand, 
gravel, and small boulders. Uses same as those 
of reef coral. 

Coral sand.—-Mostly disintegrated reef coral. 
A sand usually having a preponderance of flat 
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ments with some residual sandy loam resulting 
from partial decomposition and disintegratio, 
of reef limestone. Often found in bluffs, Ob. 
tained by quarrying and crushing, which produce 
a fair concrete aggregate inferior to limestone 
A hard in-place foundation material. 

Grade B cascajo.—Fither (a) residual san) 
loam and limestone fragments, resulting from 
more extended or severe weathering of limeston: 
than for Grade A, or (6) old deposits of ree! 
coral, lagoon sediments, or bedded reef talys 
Usually found in hills or less-pronounced blufs 


TABLE II.—PROPERTIES OF CORAL REEF MATERIALS USED IN GUAM TESTS. 


Sample No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No.7 
... Grade Grade Grade B | Grade B-Grade A* Grade A Lime. 
Cascajo | Cascajo Cascajo | Cascajo Cascajo  Cascajo stone’ 
Cumulative percentage passing: 
100 100 100 100 100 100 100 
| 96 83 93 90 76 85 15 
50 40 34 Ci 24 27 34 35 
36 30 22 15 17 24 23 
Ok | 21 24 15 11 6 13 15 
9 18 5 9 2 3 7 
2 14 2 1 1 1 3 
Physical Properties: 
Bulk Specific gravity... : ‘ 2.20 2.1 2.56 2.31 2.45 2.34 2.65 
Unit weight dry rodded, |b. per cu. ft... 98 98 101 92 85 104 % 
Absorption, per cent of dry weight.... 12 10 11 4 5 8 1.5 
Maximum dry density, lb. percu.ft%...... 116 110 114 118 116 
California bearing ratio at 0.2 in. pene- 
tration‘ 
Pit run material..... sein 100 142 115 100 155 125 = 
With 3 per cent cement by volume. 406 | ve 
Organic Impurities by A.S.T.M. Method 
- 33.. 0 2 1 1 1 0 


“ Crushed. 


Crushed and graded. Contained 20 per cent coral sand by weight. 


“ Compacted at optimum moisture content (9-13 per cent by dry weight under 2000 psi. static pressure). me 
“ After 4 days soaking. Procedure as in Standard Specifications, California Division of Highways, 1945. Swe. 


during soaking was 1 per cent or less for all specimens. 


particles. Found in lagoons, on beaches, and 
in reef cavities. Usually structurally and chemi- 
cally satisfactory as a concrete sand, but often 
poorly graded. 

Limestone.—Dense, relatively pure limestone 
containing some dolomite and minor clay streaks. 
Ancient coral reef altered by solution and sub- 
sequent crystallization and elevated by moun- 
tain-building forces. Often found in steep, high 
bluffs. Obtained by quarrying and crushing 
operations, which produce a good concrete aggre- 
gate with certain grading deficiencies. When 
used in place provides a cavitied rock founda- 
tion. 


Limestone sand.— Dense, crystalline, rounded 


limestone grains, apparently the result of me- 
chanical weathering of limestone. 
alluvial deposit. 

Grade A cascajo.—Usually limestone frag- 


Found as an 


Obtained by shovel operations or by quarrying 
Pit-run material is frequently well-graded for 
use as road base, military road and runwa) 
surface, stabilized second-class road and runway 
surface, or intermediate-grade concrete. Con: 
tains excellent binder. A firm in-place founda 
tion soil. 

Grade C cascajo.—Composition similar t 
Grade B, but containing a large proportion of re 
sidual clay. Applies in general to any tropi@ 
calcareous material too weak or too clayey {0 
use as aggregate or base. Frequently found in 
lowlands. Obtained by earth-moving methods 
A moderately firm in-place foundation soil 


4 Chemical composition of the clay fraction of casca): 
varies depending upon geologic origin (6). In gene - 
consists mainly of widely varying proportions yet 
pounds of iron, calcium, silicon, and 
where found on land is commonly overlain by 
blanket of residual red clayey soil. 
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ppopERTIES OF UNTREATED MATERIALS 
fhe very great usefulness of the 
fous calcareous earths has been well 
tablished by the experience which is 
marized in the above classification. 
appears that all classes of coral, lime- 
ne, and cascajo, except for Grade C 
cajo, can be used effectively for both 
base, temporary surface, or stabilized 
ond-class surface for roads and run- 
ys, and (b) aggregate for appropriate 
rades of asphaltic and portland cement 
ncrete. 
Many miles of cascajo-surfaced and 
ral-surfaced roads and runways are in 
se in tropical lands today (15, 16, 21, 
4,26, 35, 37). Where placed in suitable 
cknesses, these surfaces withstand 
ucturally the action of light to 


ather. However, two important de- 
sare present: (a) the compacted sur- 
e erodes badly, developing large ruts 
d gullies during the intense tropical 
rainy seasons; (b) during the dry seasons 
edust problem is acute. Where used 
base course, the above defects are 
ncelled, and properly-selected cascajo 
coral forms an eminently satisfactory 
x. The author was unable, either 
cally or experimentally, to discover 
y indication of chemical setting of 
ier coral or cascajo; furthermore, 
‘her gave indication of being chem- 
illy active when used as aggregate in 
‘her soil-cement or concrete. 

Table IT gives data on the physical 
aracteristics of six typical samples of 
«ajo and one of limestone. The 
aximum dry densities and California 
aring ratios of all materials tested are 
th, indicating very good stabilization 
‘operties. A fairly wide range of 
wlation is apparently permissible. 
9 samples of Grade C cascajo were 
‘ted, but experience has indicated this 


dium traffic in both dry and de 


i 
~ sieve analyses reported were made dry. It is 
that the low indicated percentages of fines are due 


of the fines to the coarse particles. _ 
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material to be undesirable for use as 
aggregate or as base for roads or runways. 

Previous papers (19, 25, 29, 30, and 
32) give information on the physical 
properties of typical corals. Coral and 
cascajo have very similar engineering 
characteristics; the differences in their 
behavior are attributed to the higher 
clay content of the cascajo, which gives 
to Grades A and B somewhat better 
binding properties. 

Sand-blasting experience with coral 
sand has been generally unsatisfactory. 
Some sand-blasting tests were made on 
Guam with typical coral beach sands and 
TABLE I1I.—REPRESENTATIVE FOUNDATION 


CHARACTERISTICS OF SOME CORAL 
REEF MATERIALS AT GUAM. 


« 
2 | 284 
wo, | 
cme 
=) 
Grade A cascajo............. 28 1300 Lea 
Grade B 18 1000 
10 200 
Coral and cascajo hydraulic 
4403 35 0 | 0 


crushed limestone, using high-grade 
silica sand as control. Results indicated 
the natural sands and properly graded 
crushed limestone to be about equally 
effective, but both were only about half 
as effective as the silica sand. The coral 
sands disintegrated more rapidly than 
the limestone or silica sands. ‘Tests 
were made on rusted steel sheet piling. 
Extensive use has been made at 
Hawaii, the Phillipines, Guam, and 
elsewhere of the hydraulic dredge fill 
obtained from lagoon sediments and 
submerged cascajo (28). Many of the 
sediments are too clayey for structural 
use in place, but since the dredging pro- 
cess washes out the clay the fill is in 
practically all cases a friable sand-gravel 
mixture containing boulders up to per- 
haps six inches in size. This fill com- 
pacts naturally to a density of about 110 


bet 

* 
| 

| 

ig 
3 
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lb. per cu. ft. Where placed in suitable 
thickness on suitable base, it makes 
good foundation for pavements and 
footings. 

Day (18) describes the construction of 
a major breakwater using limestone 
blasted from an emerged reef. 


FOUNDATIONS AND EARTH STRUCTURES 


Practically all coral reef materials 
except some of the geologically young 


970 DUKE ON PROPERTIES OF CORAL REEF MATERIALS 


arise on account of their nonuniformity 
and their irregular configuration. Piles 
may penetrate several feet of firm o 
hard soil and then plunge into a large 
clay-filled cavity; also piles may reach 
bearing at’ widely varying depths at 
locations only a few feet apart. This 
makes the exploration problem difficult 

Soft clayey lagoon sediments may 
extend to considerable depths in larg 
lagoons, so that major structures built 


lagoon sediments have merit as in-place 
foundation materials. All of the mate- 
rials listed in Table I, with the exception 
_ of Grade C cascajo, exhibit high bearing 
capacity, skin friction, passive resistance, 
and low active pressure; also they are 
relatively incompressible. The values 
given in Table III are for typical Guam 
materials; values for other materials may 
vary widely from those given here. 
Samples tested were 2-in. cores from 
borings. 

Perhaps the greatest foundation diffi- 
culties with deposits of these materials 


2500 10 
Compressive Strength of 
2000 
Cylinders 6-in. diam, 5-in. height 
2 1500 k= 
4 a 2 
1000 
Compressive Strength of 
> Cylinders 4-in.diam.,4//2- 
8 Ss in. height, after 12 Cycles a 
Wetting and Drying. 
500 
ers 
| 0 
re) 3 5 9 12 15 18 
Cement Content, Per Cent by Volume 


Fic. 2.—Strength and Durability of a Typical Cascajo-Cement Mixture. 


Aggregate: Cascajo sample No. 2(Table II). A.S.T.M. Type I cement, Golden Gate brand, ignition loss 1.8 percent 
Curing at80F. 6 by 5in. cylinders moist-cured 28 days prior to test; each point represents two specimens. 4 by 4%7i0 
cylinders moist-cured 7 days, then submitted to 12 cycles of wetting, drying, and brushing, then tested; each point repre 
sents three specimens; 0 per cent-cement specimens disintegrated after first cycle. 


thereon require expensive foundations 

The presence of coral fragments up 

boulder size complicates the drilling and 

sampling problem and makes uncertain 

the results of laboratory shear tests. 


MIXTURES 


Experience with the excellent com 
pacting qualities of Grade B casca)) 
coupled with knowledge of the gener 
adaptability of similar soils to the so 
cement method of construction, led 
a laboratory investigation of a typi 
Guam cascajo-cement. It was believe: 
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st the addition of small proportions 
‘cement would improve the good sta- 
ity and the poor dusting and eroding 
ulities of the compacted raw cascajo. 
The sample tested was No. 2, Table II. 
investigations covered the range of 
\ST.M. type I Portland cement con- 
ents from 0 to 18 per cent by volume 


in weight after each of 12 consecutive 
cycles of wetting, oven drying, and wire 
brushing. Upon completion of the wet- 
ting-and-drying tests, the specimens were 
tested for compresive strength. 

Loss in weight of the 3 per cent 
cement specimens in the wetting-and- 
drying test was 6} per cent. For U.S. 


ol 6000 
| 


Notes: Sample Numbers are 


Shown on Plots. 
Upper Curves-28 Days 
Lower Curves-7 Days 


oGrade A Cascajo 
e Grade B Cascajo 


4000 ——— 
Approximate 28-Day Minima, 
- 1940 Joint Committee Report 
£ 3000 
28-Day Average 
$ 
7 Limestone 
vo 
2000 
= 
7-Day Average 3 
1000 
a 6 8 10 12 14 
Water-Cement Ratio, gal. per sack 
7 Fic. 3.—Compressive Strength of Cascajo Concrete. 


Specimens, 6 by 12-in. cylinders. A.S.T.M. Type I cement. Moist curing at 80 F. Each point represents three 
eamens. Sample No. 4, 1-in. slump; all others 3-in. slump. 


increments of 3 per cent. Test speci- 
mens were 6 by 5 in. and 4 by 43 in. 
ylinders. 

Figure 2 shows the strength and dura- 
illity results. The 6 by 5-in. cylinders 
ere molded in one layer at optimum 
wisture content under 2000 psi. static 
essure and were tested in compression 
ter 28 days moist curing. The 4 by 
4-in. cylinders were molded and tested 
‘s prescribed in A.S.T.M. Method 
-44T § which requires 7 days moist 
uring followed by measurements of loss 


“Standard Method of Wetting-and-Dryin Test of 
Conpacted Soil-Cement Mixtures (D 559 1946 
of A.S.T.M. Standards, Part II, p. 679. 


Public Roads Administration Group 
A-1 soils, the Portland Cement Asso- 
ciation recommends a maximum limit of 
14 per cent (31). Strength increases 
rather uniformly with cement content, 
achieving about 2000 psi. at 28 days with 
the 6 by 5-in. cylinders at 15 per cent 
cement by volume; this corresponds to 
about four sacks of cement per cubic 
yard of cascajo. By way of comparison, 
it may be observed that the compressive 
strength of ordinary 28-day 4-sack-per- 
cu. yd. concrete (6 by 5-in. cylinders) is 
only slightly in excess of 2000 psi. (23). 

The value of California bearing ratio 
shown for sample No. 2, Table II, in- 


‘ 

e 

| 


tion of only 3 per cent cement. 

The typical cascajo tested is thus 
indicated to be highly adaptable to the 
soil-cement method of construction. 
These results are in general agreement 
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creases nearly three-fold with an addi- CONCRETE 


Grieb (20), Nutter (27), Perry (ay), 
Rasmusson (32), and others (13, 14, 17, 
22, 33, 34, 36) have published informatio, 
on concretes made with coral aggregate 


G rade A Cascajo 
Average 


Grade B Cascajo 
Average 


| 
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Q | Limestone 
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Water-Cement Ratio, gal. per sack 


Fic. 4.—Flexural Strength of Cascajo Concrete. 
Cs Specimens, 6 by 6 by 22-in. beams. Age at test: 28 days. 


mens. Sample No. 4, 1-in. slump; all others 3-in. slump. 


_ with those obtained by Naval Construc- 
tion Battalions using coral (25, 29). 
There are deposits of cascajo or coral, 
capable of yielding substantially as good 
results, to be found at any reef-built or 
reef-flanked land. The techniques of 
selection of cascajo or coral and of 
design of soil-cement mixtures are the 
same as those developed for application 
to soils in the temperate zones (31). 


Moist curing at 80 F. Each point represents three speci- 


10 12 


with some reference to materials that 
may have been cascajo. Naval Con 
struction Battalions made extensive us¢ 
of coral aggregates and of cascajo aggre 
gates on the Pacific islands during the 
recent world war. Probably the most 
complete experimental study of cof! P 
concrete was made under the direction : 
of A. E. Lindau (25) at the 14th Naval ati 
District Public Works Concrete Labors: 
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., Peatl Harbor, T.H., in 1944; his 
dings are summarized in papers by 
ry (29) and Rasmusson (32). To the 


| vd the author’s knowledge, however, 


record has been published on the 
acrete-making properties of cascajo, 
ssidered as a distinct material. Since 
» the larger geologically older islands 
ajo can often be found which is 
ther considerably more accessible than 
al, or of superior structural quality, 


‘both, it is pertinent to know the limi- 
tions of cascajo as an aggregate. 


The 
owing test program was carried out 
th this in mind. 

Five representative Guam cascajos, 
)» of Grade A and three of Grade B, 
re selected for study. They are 
tified as sample Nos. 1, 3, 4, 5, and 
in Table II, where their gradations 
properties are shown. 


0. 7, of crushed limestone aggregate, 
th the deficiency in fines made up by 
dition of 20 per cent coral beach sand 
y weight. All cascajos were pit-run, 
cept for sample No. 5, which was 
rushed but not graded. 

One hundred and fifty 6 by 12-in. 
linders and seventy-five 6 by 6 by 22- 
. beams were made for testing in com- 
ression and flexure respectively. Cyl- 
iders were tested at ages of 7 and 28 
ays, beams at 28 days. Curing was in 
rat 100 per cent relative humidity 
18 F. Four classes of concrete, hav- 
ig cement contents of 4, 5, 6, and 7 
aks of A.S.T.M. type I cement per 
u. yd., were mixed in the laboratory. 
he water content was adjusted in each 
as to give a slump of 3 in., except for 
ample No. 4 where a 1-in. slump was the 
maximum practicable due to extremely 
W water-carrying capacity of the 
material 

Perhaps the most interesting of the 
‘sults is shown in Fig. 3, where the,vari- 
ation in 7- and 28- day 
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strength of each of the five cascajo con- 
cretes with water-cement ratio is com- 
pared. The significance of this figure 
is appreciated when it is observed that 
all five curves for each age fall very close 
to one another, so that single represen- 
tative curves can be drawn for the 7-day 
and the 28-day compressive strengths 
with no differentiation as to cascajo 
grades. 

Extension of the above result is shown 
in Fig. 4, where variations in 28-day 
flexural strength with water-cement ratio 
are plotted. Separate curves for the 
Grade A (samples Nos. 5 and 6) and the 
Grade B (samples Nos. 1,3, and 4) cascajo 
were required by the data and seem 
logically justified because of the less 
sound condition of the Grade B cascajo. 
This condition would tend to have a 
much more marked effect in a flexure 
test where the failure occurs in tension 
than in a compression test where the 
failure is predominantly one of shear. 

Relative performance of cascajo con- 
crete may be judged on a water-cement 
ratio basis by comparison with the per- 
formance of limestone concrete (sample 
No. 7) and of minima obtained with av- 
erage American concretes. This com- 
parison is made in Figs. 3 and 4. The 
28-day compressive strengths of the 
cascajo concretes are well below those of 
the limestone concrete but not greatly 
below the representative minima given 
in the 1940 Joint Committee Report 
(23). The 28-day flexural strengths of 
the Grade A cascajo concretes are 
approximately the same as for the lime- 
stone concrete (sample No. 7) while 
those of the Grade B cascajo concretes 
are materially less. 

Comparison of the cascajo concretes 
on the basis of economy was made by 
using cement content as an argument. 
No clear relationship that could be 
applied approximately to all cascajos 

was found (or expected) between cement 
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content and strength. Figure 5 shows 
the wide variation of results. Gradation 
and particle shape, and perhaps also 
organic impurities, apparently enter the 
picture strongly, for the quantity of 
_ water-cement paste of a given richness 
required to fill the voids and produce a 
given workability varies widely for 
different aggregates. All five cascajo 
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For design of concrete mixes with pit. 
run aggregate, the water-cement ratiy 
method of strength prediction is ing. 
cated by the above results, with tri) 
batching to determine water-cemen: 
paste content for a given workabiliy 
This will usually result in a decision a: 
to which of several available cascajos 
or corals to use, or as to whether coral 
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Compressive Strength at 28 Days, psi 
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Average for 
Coral with 50% 
Passing No.4 
Sieve, According 
to Lindau. 


©Grade A Cascajo 
® Grade B Cascajo 
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concretes had good workability and 
little or no bleeding except for sample 
No. 4, which had harsh consistency, bled 
projusely, and could not practicably be 
molded at the 3-in. slump used for the 
others. No clear relationship has been 
found between gradation and cement 
content for a given strength. 

The average of the cement content- 
strength curves for the five cascajo con- 
cretes tested lies close to the average 
reported for coral (with 50 per cent 
passing the No. 4 sieve) by Rasmusson 
(32). (See Fig. 5.) 


Cement Content, sacks per cu. yd. 


Fic. 5.—Economy of Cascajo Concrete. 
Age at test: 28 days. 


6 7 8 


See caption to Fig. 3. 


or other sand must be added to fill out 
grading deficiencies. Graded-aggregat: 
concrete probably will not be justifiec 
except when using Grade A cascaj), 
limestone, or unusually sound reef coral, 
experience with all three materials ha 
shown that all of the accepted methot: 
of mix design are applicable and wi 
permit reasonable strength-prediction. 


CONCLUSIONS 
1. Confusion will be avoided in utiliz 
ing coral reef materials if their complet 
and variable origin is recognized. 
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1m “coral” should be restricted to its 
oper technical application and the 
ms “limestone” and “‘cascajo” used 
en appropriate. 

2, Problems involving design and 
struction using the coral reef mate- 
‘als can be solved by the methods 
veloped for use with the better known 
itinental materials. There is no evi- 
sce of chemical ‘‘setting” of untreated 
al or cascajo. 

3, Coral or cascajo suitable forexcel- 
t road or runway base and treated 
surface can be found on any reef-built 
reef-flanked land. 

4, Practically all of the coral reef 
materials except for recent lagoon sedi- 
ents and Grade C cascajo are excel- 
nt in-place foundation materials. 

5. Coral and cascajo are generally 
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highly adaptable to improved stabiliza- 
tion by the soil-cement method. Some 
cascajos, in particular, show great im- 
provement in their already good struc- 
tural characteristics with addition of 
very small percentages of cement. 

6. Crushed and graded limestone 
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makes a satisfactory concrete aggregate. 
These materials can usually be found in 
the geologically older emerged reefs. 
Both have grading deficiencies in the fine 
aggregate. 
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aggregate, the water-cement-ratio 
method of strength-prediction is best 
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water-cement paste content. 


(10) Harold T. Stearns, “An Integration of 
Coral Reef Hypotheses,” American Journal 
of Science, Vol. 244, April, 1946. 

(11) Hobart E. Stocking, ‘‘Coral Reefs of the 
South Pacific,” Military Engineer, August, 
1944, pp. 249-253. 

(12) H. V. Sverdrup, M. W. Johnson, and R. H. 
Fleming, “The Oceans,” Prentice-Hall, 
Inc. (1942). 


Engineering References: 


(13) H. R. Albion, ‘‘Use of Florida Aggregates 
in Making Concrete,” Florida Engineering 
and Construction, Vol. 5, April, 1928. 

(14) R. J. Beaujon, “Broken Coral Reefs as 
Aggregate for Concrete,” Concrete, Vol. 
23, August, 1923, p. 55. 

(15) N. A. Bowers, “Coral Airstrips on Pacific 
Islands,” Engineering News-Record, July 
13, 1944. 

(16) Peter Corradi, “Reconstruction of Japanese 
Air Base on Peleliu Island,” Military 
Engineer, April, 1945, pp. 143-146. 

(17) W. Cunningham, ‘Tests of Beach Shells 
as Concrete Aggregate,” Engineering News, 
Vol. 65, June 1, 1911. 

(18) R. P. Day, “Building the Port Apra Break- 
water,” Engineering News-Record, October 
18, 1945, pp. 102-107. 


rt 
{: 
— 
4 


976 


(19) Edward A. Flanders, “Coral Limestone 
and its Use, and Chemical Stabilization of 
Coral Surfaces,” M. S. Thesis, California 
Institute of Technology, 1947. 

(20) W. E. Grieb, “Tests of Concrete Contain- 
ing Florida ‘Ojus’ Rock,” Public Roads 
Magazine, April, May, June, 1944. 

(21) P. J. Halloran, “Building B-29 Bases on 
Tinian Island,” Engineering News-Record, 
September 6, 1945, pp. 106-111. 

(22) FE. C. Hedrick and others, “Use of Beach 
Shells as Concrete Aggregate,’’ Concrete- 
Cement Age, Vol. 7, August, 1915. 

_ (23) “Recommended Practice and Standard 
Specifications for Concrete and Reinforced 
Concrete,” Report of Joint Committee on 
Concrete and Reinforced Concrete, Am. 
Concrete Inst., June, 1940. (Issued as 
separate publication.) 

(24) Joseph A. Lieberman, “Road Construction 
on New Georgia,” Military Engineer, 


March, 1944, pp. 75-78. 
(25) A. E. Lindau, “Notes on Using Coral for 


Bank-Run Volumetric Concrete Mixes, 
Graded Aggregate Concrete Mixes, Coral- 
Cement Stabilization,” 14th Naval District 
Public Works Concrete Laboratory, Pearl 
Harbor, T.H. Unpublished. 

(26) William F. Luce, “Airfields in the Pacific,” 
Civil Engineering, October, 1945, pp. 453- 
454. 


ns 


> 


DUKE ON PROPERTIES OF CORAL REEF MATERIALS 


(27) Ben E. Nutter, “The Use of Coral hee 
gate,” Proceedings, Am. Concrete Inst 
Vol. 40, September, 1943. 

(28) John R. Perry, “Coral: Our Pacific Life. 
saver,” Military Engineer, May, 1945, pp. 
168-175. 

(29) J. R. Perry, “Coral—A Good Aggregate in 
Concrete,” Engineering News-Record, Ay. 
ust 9, 1945. 

(30) Cushing Phillips, Jr., “Blasting Submarin. 
Coral,” Engineering News-Record, May 16, 
1946, p. 69. 

(31) “Soil-Cement Mixtures, Laboratory Hand. 
book,” Portland Cement Assn. (1942), 

(32) I. S. Rasmusson, ‘‘Concrete at Advanced 
Bases,” Proceedings, Am. Concrete Inst. 
Vol. 42, April, 1946. 

(33) A. M. Smith, “Beach Shells as Concrete 
Aggregate,” Concrete, Vol. 8, March, 1916 
p. 137. 

(34) D. C. Webb, “Tests of Coral, Sand and 
Rock for use in Concrete,” Engineerin 
News, May 14, 1908. 

(35) E. R. Young and R. T. Pinchback, Jr. 
“‘Sand-Shell Admixture as Flexible Roa¢ 
Base,”’ Civil Engineering, Vol. 11, No. 5 
May, 1941, pp. 286-287. 

(36) “Coquina, Florida’s Natural Shell Con 
crete,” Cement World, September, 1907. 

(37) “Jacksonville Builds Oyster-Shell Pave 
ment,” Engineering News-Record, Marc! 
18, 1948. 


= 
pro 
= 
@ 


THE PROCEDURE AND SIGNIFICANCE OF CHEMICAL AND 
MINERALOGICAL TESTS ON SOILS* 


By V. F. B. pE MeEtto! anp T. WILLIAM LAMBE! 


Two different approaches can be used of identifying and classifying tests is a 
9 determine the properties of soils limited, but very practical, form of this 
svolved in a problem of soil mechanics. modified approach. Also, the use of some 
The first approach consists of subjecting parts of the second approach along with 
ete H each soil in question to standard en- the first helps one to develop judgment 
gineering tests, in the field or laboratory and a “‘feel” for soil behavior. 

’ r both, to determine properties such as It must be emphasized that the re- 
te permeability, shear strength and com- lation of mineral and chemical compo- 
pressibility. The second approach con- sition to the engineering behavior of a 
sists of two basic determinations: the soil is known only slightly. Much re- | 
ature of component parts of the soil search is needed to define more clearly 
and the detailed geological history of this relationship. As this reservoir of 
the soil since its deposition or residual knowledge is increased, the value of the 
formation. In this second approach, the tests presented in this paper will like- 
gineering properties would be pre- wise increase. Although some of the 
licted from the knowledge of the tests are still in the development stage, 
sroperties of individual components and __it is felt that some form of these tests 
he history of their association and_ will eventually become standard for the 
evelopment. more completely equipped soil mechanics 

The first of the above approaches is_ laboratories. The different tests are 
iow in common use. It has the dis- presented herein as separate determi- 
alvantage of usually requiring many nations, but it should be emphasized that 
ests for every problem. While the toa certain extent they are interrelated. 
‘evelopment of knowledge to the stage For example, for best interpretation of — 
where the second approach will be the results of a differential thermal 
ieasible now seems far in the future, the analysis, the results of tests for certain 
we of a modified form of the second chemicals, the ion exchange capacity, 
‘proach to supplement the first is and the nature of the exchangeable ions 
practical at the present time. In other should be known. 
words, the number of required en- In the following pages, an attempt is 
sieering tests may be substantially made to present the significance and 
reduced if physical properties of the soil procedure of the more important 
in question can even be approximately chemical and mineralogical soil tests. 
edicted from the results of chemical The material for this paper was obtained 
and mineralogical tests. In fact, the use from a study of pertinent literature and 
ore from research in the soil mechanics 
been at the Fifty-second Annual Meeting of laboratory of the Massachusetts In- 

, June 27-July 1, 1949. ° 

arch Associate and Assistant Professor, respec- Stitute of Technology. Many of the tests 


ely, Department of Civil and Sanitary Engineeri 
usetts Institute of Technology, Cambridge, Mase, Were developed by agricultural scientists 
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and thus had to be modified for use in 
soil mechanics. Likewise, some of the 
chemical tests were developed by chem- 
ists interested in precise chemical 
analysis and they, in turn, had to be 
modified. Therefore, it is felt that the 
contribution of this paper lies in the 
development and modification of these 
tests for the engineer of soi! mechanics. 
* The tests which are described in the 
following pages are: 


1. Identification of soil minerals 

2. Determination of the hydrogen- 
ion concentration of soil 

3. Detection of deleterious substances 


4. Determination of exchange capacity 
and exchangeable bases 


IDENTIFICATION OF SomL MINERALS 
The determination of minerals in the 
coarser grained soils is not presented 
herein for two reasons, namely, the 
actual determination normally does not 
present a major problem and, in general, 
the engineering properties of cohesion- 
less soils are not greatly affected by the 

~ nature of the mineral. 

It was originally thought that the 
complete study of the component parts 
_ of a soil entailed only the determination 
| of the chemical elements present. It was 
- goon discovered that knowledge of what 
elements were present was not enough, 
but the structural arrangement of these 
elements must be known. From the 
viewpoint of many geologists, clays are 
; soils composed of the so-called clay 

minerals—they being basic units built 
_of unique atomic arrangements. It must 
be pointed out that many natural soils 
-may have a large proportion of grains 
_ in the clay size range which still are not 
clay minerals. 

In soil mechanics there seem to be 

_ three important clay mineral groups: 
kaolinite, illite, and montmorillonite. 
_ These groups consist of essentially the 
- game chemical elements, but the struc- 
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tural arrangement of these elements js 
different. While there remains much to 
be learned about the engineering prop. 
erties of the clay mineral groups, some 
qualitative data are available on these 
properties. Kaolinite is the least active 
of the clay minerals: it has the highest 
permeability, the lowest water ad- 
sorption, and the lowest compressibility 
of the three clay minerals. Montmoril- 
lonite is at the other extreme, having the 
lowest permeability, the highest water 
adsorption, and the highest compressi- 
bility. The illite group is between these 
extremes; some of the illites approach 
the kaolinites, while others approach the 
montmorillonites. Only a little is known 
quantitatively on the properties of 
mixtures of the clay minerals. Practically 
nothing is known of the engineering 
properties of bodies which are not clay 
minerals but are in the colloidal siz 
range. 

There are three methods available for 
the identification of the clay minerals or 
other minerals of ‘‘clay size’’ particles: 
the differential thermal analysis, X-ray 
diffraction, and the electron microscope. 
The differential thermal analysis seems 
to be the most practical of the’ three 
methods for use in a soil mechanics 
laboratory for qualitative and semi- 
quantitative mineral determination, 4l- 
though the results may often be very 
difficult to interpret. Therefore, only 
the differential thermal analysis will be 
discussed here. 


DIFFERENTIAL THERMAL ANALYSIS 


The differential thermal analysis con- 
sists of heating at a uniform rate the soil 
in question and an inert substance from 
around 100 C. to over 1000 C. During 
the heating, changes in structure of the 
soil occur which result in the release of 
imbibition of heat. Since the inert sub- 
stance does not undergo any structura! 
change, the difference in temperature 
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etween the soil and the inert standard, 
ys measured by a differential thermo- 
ouple, is a measure of the thermal 
ange in the soil. Each pure mineral 
as a unique curve of thermal change 
wsus temperature.? The apparatus is 
not described here because detailed 
descriptions are available in the 


iterature (21).° 


Analyzer Calibration.—Before the 
minerals in a given fine-grained soil can 
e identified, the analyzer must be 
alibrated by separately obtaining stand- 


Test Procedure: 


400 


200 
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temperature can throw the early portion 
of the thermal curve off by driving off 
more water than is desired or possibly 
causing the grains of the soil to break 
down. If the specimen tested is a clay, no 
fractionation is necessary; but if the 
specimen has coarser grains present, all 
material coarser than the No. 200 sieve 
should be removed. 

The dried specimen is next put in the 
sample holder. During the filling, care 
should be taken to keep the thermo- 
couple centered. The amount of speci- 
men used for the test and the void 
ratio obtained should be similar to that 


600 800 1000 
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Fig. 1.—Differential Thermal Analyses. 


ard thermal curves for each unique 
component whose recognition is desired. 
Each component is tested by the pro- 
cedure described below for subsequent 
testing of a soil of unknown components. 
Sample Preparation.—The specimen 
0 be tested should first be dried at a 
temperature of 50 C.4 Drying at high 


*Substances other than minerals possess unique ther- 
open therefore, the differential thermal analyzer 
te, : used to identify more than the miheral. Work is 
b by on the thermal analysis of organic substances 
y the Massachusetts Institute of Technology, Geology 
tal b ~* and on the thermal analysis of building mate- 
pe y the M. I. T. Engineering Construction Depart- 


sine? boldface numbers in parentheses refer to the 
‘ography appended to this paper, see p. 987. 

® Urrent research indicates that it may be necessary 
prepare some specimens much more carefully. If or- 
matter is present in the soil, it may be desirable to 


remove it before testing. 


of the inert material used as a standard. 
This desired condition can be approxi- 
mately obtained by using the same 
arbitrary standard procedure for all 
packing. 

Sample Heating.—The furnace is next 
placed around the holder and heating 
at a uniform rate is started. A continuous 
record of the thermai reactions is made 
by a recorder. 

Interpretation of Results—There are 
two things to be determined from the 
thermal curve: the different minerals or 
impurities present and, the approximate 
amount of each. The minerals are identi- 
fied by the characteristic temperatures 


: 
| 
fi 
[ 
I 
Me 
> H 
“han 
y 
is ‘f 
4 
q 
| 


980 


* which the thermal changes occur. 
For example, kaolinite has two tell-tale 
changes, an endothermic reaction in the 
neighborhood of 575 C. and an exother- 
hi reaction in the neighborhood of 
950 C. The proportion of any given 
mineral in the tested soil is approxi- 
mately equal to the ratio of the area 
under the curve of the tested soil 
divided by the area under the standard 
curve of the pure mineral. This inter- 
pretation of the results can best be 
~shown by an actual example (Fig. 1). 
Example.—Curve 1° is the thermal 
curve for a Wyoming bentonite; curve 
(2 is the thermal curve for an arti- 
‘ficially prepared mixture of 70 per cent 
bentonite and 30 per cent kaolinite. 
If curve 2 were that of an unknown soil, 
the presence of bentonite and kaolinite 
would immediately be recognized from 


the characteristic temperature at which 
thermal changes occurred. 
A semi-quantitative analysis® of curve 
2 depends on the approximate relation- 
ship, from the theory of thermal re- 
actions, that the amount of reactive 
_ mineral is proportional to the area en- 
_ closed by a bump on the curve. Thus the 
_ proportion of bentonite in the sample of 
curve 2 is equal to the ratio of the area 
under the curve in the 700 C. range in 
curve 2 to that in curve 1. The value of 
the ratio (multiplied by 100), 70 per cent, 
‘ agrees with the predetermined proportion 
of bentonite. 


DETERMINATION OF THE HYDROGEN-ION 
CONCENTRATION OF SOIL 


Hydrogen-ion concentration (pH) of a 
soil is not a fundamental property char- 
_acterizing and defining its engineering 
behavior. It is true, however, that there 


5 Curves 1 and 2 were obtained by Kulp and Lambe 
_ with the analyzer of Kerr and Kulp (21). 
_©The above example was selected to illustrate the 
pay of qualitative and semi-quantitative analysis. 
t is not to be inferred that the analysis of any given un- 
ite as the example. 


known soil will be as easy and d 
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are significant correlations between the 
pH of various soils and the weathering 
processes and weathered products which 
define the soil, even in terms of engineer. 
ing properties. Agricultural chemists 
have used to great advantage the cor. 
relations between pH and the properties 
of soils as classified by them. 

Although pH determinations must 
take a modest position beside such de- 
terminations as that of the mineral 
constituents of soil, which purports to 
determine the soil properties by defining 
its components, it must be conceded that 
among chemical tests for a soil, de- 
termination of the soil reaction (pH) 
stands as important in its own right. 
Highly acid soils are injurious to steel and 
cement alike, and it has often been re- 
ported that highly alkaline soils are very 
detrimental to the adequate setting of 
cement. Furthermore, the interpretation 
of the results of other soil chemical tests, 
such as the tests for exchangeable bases 
associated with the soil, is facilitated by 
knowledge of the soil pH. M.D. Catton 
concluded from a study of about three 
hundred soil samples, that “if organic 
content is 5000 ppm. or over, the soil 
will also be acid. It does not show that if 
the soil is acid it will have a high organic 
content” (10). 

For the development of suitable 
method of determining pH in soils, we 
are indebted to the agricultural chemists 
who have long been interested in this 
problem. Both electrometric and color 
metric procedures for measuring pH 
have been in common use, the former 
being used for soil suspensions, the 
latter more commonly with soil e& 
tracts. While new colorimetric procedures 
are steadily being developed and sug 
gested for use, especially in cases where 
precision may to some extent be sact 
ficed for economy of time and money, the 
electrometric procedures have already 
developed to the point of on? 
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eptance. The present discussion will, 
therefore, focus on electrometric methods 
determining pH, although it is em- 
jsized that for many cases some 
ecific colorimetric procedure may prove 
ite adequate and may be selected for 
ious practical reasons. 
Electrometric measurement of pH 
soils is analogous to measurement of 
H in solutions. An electrode, the 
tential of which is a direct function of 
ydrogen-ion concentration, is immersed 
in a solution or suspension, connected 
ith another standard half-cell (usually 
the calomel) and the electromotive 
force of the cell is measured potentio- 
metrically. The definition of pH properly 
applies to aqueous solutions; in the case 
{ two- or three-phase systems such as 
ils some question may be raised as to 
e meaning of the term “pH.” How- 
er, the term as used in soils refers to 
ie reading obtained using some electrode 
‘heme on a commercial instrument, such 
sa “Beckman pH meter’; the reading 
made with due precautions is in- 
icative of the acidity or alkalinity of 
ie soil. 


ipparalus: 


The apparatus consists of two essential 
omponents: the electrode and electrode 
eel, into which the sample is placed, 
nd the measuring equipment including 
‘standard half-cell, a potentiometer and 
. galvanometer. The commercial units 
¢ compactly arranged providing the 
pH § ‘andard assembly of potentiometer, 
met “lvanometer, and standard _half-cell, 
t aud providing some specific electrode 
e scheme; as a result, usually, upon 
placing the sample in the electrode 
vessel, by merely turning on a switch or 
‘wo, the pH may be read directly on a 


scr “al. Retention of this facility is greatly 
,the § “vored: hence the measuring assembly 
‘tllzed in commercial units will be 
| ate 


“sumed herewith. The questions lie in 
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the selection of electrode scheme and 
in the treatment of the soil samples prior 
to and during testing for pH. 


Soil Sample: 


It is widely recognized that a variety 
of factors affect readings of pH in soils: 
variations of the amount of carbon 
dioxide in the system, the use of distilled 
or tap water, drying the soil sample, 
variations of the soil-water ratio, grinding 
of the soil sample, and even extended 
storing of soil samples at constant water 
content—all these factors contribute in 
some way to modification of the pH of 
the soil. These various effects will not be 
discussed individually but are merely 
mentioned in order to emphasize the 
point that since we are interested in 
determining the pH of the soil in situ, 
there are some definite precautions that 
must be observed in making pH measure- 
ments on soil samples. 

Fresh samples should be used, if 
possible; the soil should not be dried or 
ground; if possible, the pH reading 
should be taken with the soil at its 
natural water content; if it is necessary 
to increase the water content of the 
sample, boiled distilled water should be 
used. If the in situ pH of the soil is 
not determined, the determination of the 
pH of a sample is of little value unless the 
conditions of test are specified. 

A variety of samples at low natural 
water contents may make it necessary 
to increase the water content con- 
siderably before a suspension is obtained 
on which pH measurements can be 
made. Standardization of samples to a 
soil-water ratio of 1:5 has been sug- 
gested, recognizing that the pH thus 
determined is different, but not widely 
so, from the pH of the soil at natural 
water content. “When a more accurate 
idea of the pH at low moisture contents 
is desired, this can be obtained by 
extrapolation of the graph connecting 
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the hydrogen-ion concentration deter- 
mined at three soil-water ratios (pref- 
erably 1:5, 1:25, 1:125). Plotting the 
pH values against the log of the soil- 
water ratios lends itself best to this 
treatment,”’ (39). 

More recently the use of the glass 
electrode has been adapted to pH 
readings in soils at lower water contents. 
Consequently, in the field of agriculture 
the recent trend is toward standardi- 
zation with the use of soil samples at the 
moisture equivalent, as a convenient 
lower limit at which pH readings are 
still reliable. 


Electrode Scheme: 


Four major electrode schemes have 
been developed and used to some extent 
over the years, but gradually the use of 
the glass electrode in connection with a 
commercial pH meter, has superseded 
the others in view of its reliability 
coupled with several advantages of 
practicability. 

A discussion of the hydrogen, quin- 
hydrone, and antimony electrodes will 
not be within the scope of this brief 
paper. With some modifications they 
have been very successfully used in 
many instances. The advantage of the 
glass electrode, however, is that no 
great refinements are necessary. It is 
well adapted to use with soil samples 
even at rather low moisture contents. 
At low water contents, precautions have 
to be observed of compacting the soil 
sample so as to make close contact with 
the glass electrode.’ At higher water 
contents, in soil suspensions, some agi- 
tation scheme is necessary in order to 
keep the soil in homogeneous suspension. 

DELETERIOUS 


DETECTION OF 
SUBSTANCES 


In a soil there may exist some sub- 
stances which have deleterious effects 
on the soil itself or on structural materials 
placed adjacent to the soil. One sub- 
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stance which has a pronounced effect op 
the engineering properties of soils js 
organic matter. Some organic matter by 
its very nature tends to lower the 
strength and increase the compress 
bility of the soil. For example, peat whic) 
is derived to a large extent from trees 
leaves, small plants, etc., is very com 
pressible and weak in shear strength 
Also organic colloids can be absorbed by 
the soil in base-exchange reactions and 
other reactions (17). These adsorbed 
organic colloids greatly reducé the ability 
of the clay to imbibe water, thus re 
ducing the swelling tendency of the clay 
and simultaneously reducing the shear 
strength of the soil at a given water 
content. Only a little is known of the 
magnitude of the effect of adsorbed 
organic colloids on the engineering 
properties of clays. 

Substances in soils which may have 
serious effects on adjacent structural 
materials are sulfides, sulfates, car- 
bonates, and organic matter. These 
substances may cause their damage either 
by being in actual contact with the 
structural materials, from their position 
in the soil, or by supplying reactable 
materials to the flowing ground water t 
form acids, bases, or salts. 

The common structural materials used 
for pavements, piles, foundations, ant 
walls are steel, wood, concrete and stone 
The deleterious effects of the above namec 
substances on wood and most soul 
masonry are so small that they need n0! 
be considered any further. Since steel ! 
injured by acids, all of the substanct 
must be considered as they are @ 
potential acid producers. Piles drive 
into soils containing significant amoutl 
of these potential acid producers mé) 
require special treatment such as an acl? 
resistant coating or some type of cathode 


7 As mentioned earlier, water contents below a - 
venient lower limit should be avoided, soe ad 
sources of error arise, including difficulties due 
normally high electrical resistance involved. 
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tection. Steel is not attacked by 
ydroxides. 

‘Concrete can receive injurious effects 
‘om all of the above listed substances. 
The presence of organic matter can 
revent cement from setting. The nature 
‘attack of the sulfides, sulfates, and 
srhonates can be either chemical cor- 
sion or crystal formation. Acids, bases 
ind aggressive salts can actually chemi- 
illy attack concrete; the degree of this 
ttack depends on the concentration of 
the active substance as well as the type 

{ aggregate used in the concrete mix. 
For example, certain aggregate con- 
stituents such as opal are seriously 
ttacked by hydroxides. Crystal for- 
mation due to the evaporation of alkali- 
len water from the surface of concrete 
may cause disintegration somewhat 
nalogous to that caused by the freezing 
{ water. 

From the above brief discussion, one 
an see that it is desirable to have short, 
imple, chemical tests to detect the pres- 
ence of sulfides, sulfates, carbonates, and 
ganic matter in soils. The following 
simple tests have been selected for the 
letection of the presence of minute quan- 
tities of the above components. These 
ists, called “‘spot tests,” are only quali- 
lative as they are described. Based on the 
sults of “spot tests” a complete 
quantitative analysis of the soil may be 
itsired. Such a quantitative analysis 
may he time-consuming and may be of 
oily small additional value until more is 
tamed of the limiting concentrations 
that may be permitted with regard to 
the safety of the particular foundation. 
tmust be remembered that the danger- 
‘us concentration of these substances 


may depend largely on ground water 
‘onditions. 


Procedure: 


Sulfides (15).—Add to the soil in 
weston a few drops of azide-iodine 
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solution. The formation of tiny bubbles 
of nitrogen indicates the presence of a 
sulfide in the soil. The stable azide- 
iodine solution is prepared by dis- 
solving 3 g. of sodium-azide in 100 ml. 
of 0.1 N iodine solution. 

In making this test it is helpful if a 
microtest tube is used; it should be 
held so as to get a background of strong 
light to aid in seeing the minute nitrogen 
bubbles. 

Soluble Sulfates (31).—Add to the soil 
in question about 4 ml. of 5 N hydro- 
chloric acid and stir; next add a little 
barium chloride solution. The formation 
of barium sulfate, which is a white 
precipitate, indicates the presence of a 
soluble sulfate. The hydrochloric acid 
is added to prevent the formation of 
barium carbonate or barium sulfite both 
of which are white precipitates. 

It should be noted that the above test 
is only for soluble sulfates, but since 
these are the ones whose presence in soil 
is of interest, the test is sufficient for 
sulfate determination. 

Carbonates.—Add a few drops of 5 
N hydrochloric acid to the soil in a test 
tube which is equipped with a U-shaped 
delivery tube inserted in barium hy- 
droxide. After heating the tube con- 
taining the soil, the formation of a white 
precipitate in the barium hydroxide 
indicates the presence of a carbonate in 
the soil. 

In this test it is desirable to use micro- 
test tubes and a capillary tube for the 
delivery tube to increase the sensitivity 
of the test. Often the application of heat 
is not needed. 

The barium hydroxide must be stored 
carefully to prevent its reacting with the 
carbon dioxide in the atmosphere to 
form barium carbonate. This reaction can 
be prevented by venting the barium 
hydroxide solution through a drying 
tube containing crystals of sodium 
hydroxide. 
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Organic Matter—Add a few drops of 
concentrated sulfuric acid to the soil 
contained in a test tube with a stopper 
and a U-shaped delivery tube inserted 
in barium hydroxide. Heat the soil and 
acid; the formation of a white pre- 
cipitate in the barium hydroxide in- 
dicates the presence of organic matter. 
The above test is based on the sulfuric 
acid and heat oxidizing any organic 
matter present to free carbon dioxide 
which reacts with the hydroxide to form 
the insoluble barium carbonate. The 
same microtest tube set-up used for the 
carbonate test is used here. Since the 
above described test would also be 
positive for any carbonates present, it is 
essential to test the soil for carbonates 
before testing for organic matter. If 
there are carbonates in the soil they 
must be removed by the addition of 
hydrochloric acid (see previous test) 
before the organic test is made. 


DETERMINATION OF EXCHANGE CAPACITY 
AND EXCHANGEABLE BASES 


The importance of the exchange 
capacity of clays in determining en- 
gineering properties of clay soils has 
been justly recognized. The correlation 
between the engineering properties of 
clays and the type of clay mineral of 
which the clays are composed has al- 
ready been pointed out. Further, it is 
known that the exchange capacities of 
the clay minerals similarly fall into the 
typical pattern noted for the other 
properties of the clays; montmorillonites 
have high exchange capacities, while the 
illites, and kaolinites have moderate and 
low exchange capacities. It might thus 
be stated, a posteriori, that there are 
definite trends of correlation between 
the exchange capacity and the engineer- 
ing properties of clays. 

However, the moment a few generali- 
zations have been made with respect to 


such a correlation, it must be recognize! 
that the nature of exchangeable bag 
present cannot be disregarded. Recog. 
nition of exchange capacity entails recog. 
nition of the possibility of exchanging the 
adsorbed bases (cations); hence or 
speaks of a sodium-montmorillonite 
calcium - montmorillonite, magnesium - 
kaolinite, and so forth, in each cag 
specifying the exchangeable cation ad. 
sorbed by the clay. Most natural clay: 
are not homoionic, that is they contair 
more than one type of exchangeabj 
cation. But the distinction in propertie 
between several homoionic varieties oj 
a clay permits the estimation of th 
properties of heteroionic clay bodies 
For instance, it is known that a sodium. 
clay tends to have a higher liquid limit 
plasticity index, and swelling capacity 
than a corresponding calcium-clay; this 
is similarly true of montmorillonites 
illites and kaolinites, but quite naturallj 
the differences in properties are mos 
marked in the case of clays with higt 
exchange capacities. If the properties of 
a sodium-clay and the corresponding 
calcium-clay are well established, th 
properties of a heteroionic clay com 
posed partly of sodium-clay and part) 
of calcium-clay can be estimated to b 
intermediate. 

It is not the purpose of this paper ti 
elaborate on the ideas presented in th 
above paragraph, for soil mechanic 
literature has already disseminated thos 
concepts. The above paragraphs ar 
merely intended to emphasize the im 
portance and significance of determ 
nations of exchange capacity and ¢ 
changeable bases associated with a sil 


Test Procedure: 


The limitations of space that must b 
imposed on this presentation make ! 
necessary to present a summary outlin 
procedure for determining exchangeab 
bases and total exchange capacity. 
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ill not be possible to discuss the 
glection of the procedure recommended 
: the details of all the steps involved. 
e procedure is outlined for what 
ppears to be the most complicated 
neral case, namely, a saturated clay 
ith the cations Nat, Cat, Bat, 
Mgt, Fett, Fet**, and Al*** present 
th as exchangeable ions adsorbed on 
e clay particles and as free ions in the 
lution composing the pore liquid. 
The proposed logical sequence of 
testing is outlined in the following 
steps: 

1. Determine the water content of the 
ay: this determination is necessary for 
e subsequent computation of the dry 
eight of clay used and the volume of 
quid in which it is dispersed. 

2. Simultaneously place a given weight 
‘the wet clay (computed to give about 
0 to 25 g. of dry clay) into a 250-ml. 
eavy-duty centrifuge bottle. Add a 
nown volume (about 200 ml.) of 
ioxane, stopper the bottle and shake 
ell to disperse the clay; addition of 
ean glass beads helps the dispersion 
n shaking. Then centrifuge at 2000 
pm. or higher. 

3, Extract the clear supernatant liquid 
or analysis of cations present as soluble 
alts in the pore liquid. Aliquots of 
ne solution are used, and computations 
ue based on the assumption that the 
oneentration of a particular ion is the 
ame throughout the total volume of 
quid. Analyze for Nat and 
juantitatively then detect the presence 
fother ions by qualitative spot tests; 
inally, if desired and justified by the 
nications of the qualitative tests, 


‘nalyze quantitatively for some of these 
ions, 


4. To the clay sediment in the centri- 
‘ue bottle add a known volume (as 
Much as possible) of neutral N am- 
nonium acetate solution. Shake and 
lisperse the clay thoroughly, and _ re- 
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centrifuge. The clear supernatant liquid 
now contains all of the cations present 
in the pore liquid, in quantities that may 
easily be computed from the results of 
step 3; further it contains all of the 
replaceable ions originally associated 
with the clay, except for Al*** which 
may not be replaced adequately by 
NH,*t, and Fet*+ which, although re- 
placed, has formed an insoluble precip- 
itate with the acetate. 

5. Use the supernatant solution from 
step 4 for quantitative analyses of Nat 
and Catt, and qualitative and quanti- 
tative analyses of the other ions as 
described in step 3. 

6. To aid the replacement of Al*** 
ions by NH,* ions, add ammonium 
phosphate to the clay batch and shake 
well. The clay should now be essentially 
saturated with NH,* ions; further, 
insoluble ferric acetate and aluminum 
orthophosphate will be precipitated. 

7. Wash the clay, and iron and alu- 
minum precipitates, with distilled water; 
this is best done by leaching, passing 
water through under suitable pressure. 

8. Transfer the washed clay, and 
precipitates, back to a centrifuge bottle, 
noting the volume of water associated 
with the clay. Add a known volume of 
5 N H.SO, and stannic sulfate solution. 
Shake well, then centrifuge. 

9. The clear supernatant solution is 
used for the determination of the total 
exchange capacity, and for the quanti- 
tative estimation of the exchangeable 
Fet* and Al*** ions associated with the 
clay. One aliquot is used for the quanti- 
tative determination of NH,t by the 
standard Kjeldahl procedure: the ex- 
change capacity is very readily com- 
puted from this determination. Another 
aliquot is used for the estimation of 
exchangeable Fet** and Al***, For 
this determination it may be sufficiently 
satisfactory to separate the two ions by 
filtration after addition of an excess of 
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NH,OH reagent, subsequently estimat- 
ing the ions by ignition to the oxides. 


10. The use of a check should not be 


neglected. The sum of the milliequiva- 
~ lents of the exchangeable bases must be 
- equal to the exchange capacity, within 
experimental error. 


The above procedure can naturally be 


simplified in certain cases, although as 
now proposed it is not unduly refined for 
engineering purposes. For the analyses 
involved in steps 3 and 5, the following 
suggestions may be helpful, although it 


is strongly recommended that more 
detailed study be given to the matter. 


Qualitative Spot Tests: 


Fe*** 1. Puta drop of the test solution (acidify 


Fe ++ 


Kt 


if necessary) on a white spot plate. 
Add a drop of potassium ferrocyanide 
solution. Formation of a prussian blue 
indicates Fe***. 


. Put a drop of test solution (acid) on a 


white spot plate. If solution is red, 
decolor by adding a few crystals of 
potassium fluoride in a paraffin-lined 
depression. Add a drop of a-a’-di- 
pyridyl] solution (2 per cent in alcohol). 
A deep red soluble complex cation in- 
dicates Fe**. 


3. Put several drops of neutral or slightly 


acidic test solution on a black spot 
plate. Add indicator solution (lead 
sulfate dissolved in acetic acid solu- 
tion of ammonium acetate). Cloudi- 
ness, or white precipitate indicates 
presence of this group. 


. Put a small quantity of solid tetra- 


hydroxyquinone and potassium chlo- 
ride on a white spot plate. Add a drop 
of test solution and a drop of water. 
A brown color (appearing first near 
undissolved reagent) which turns to 
red upon addition of 0.1 N HCl indi- 
cates Ba**. 


. Remove any iron present by precipita- 


tion with NaOH. Then add a drop of 
test solution to alizarin paper (quanti- 
tative filter paper soaked in a satu- 
rated alcohol solution of alizarin, 
dried, stored in stoppered bottle). Hold 
over dish of NH,OH until spot turns 
violet. Dry in oven. A change to red 
color indicates Al***. 


6. Dissolve a small quantity of sodium 


cobaltinitrite in a drop of water on, 
black spot plate. Add neutral 
slightly acid test solution. A yelloy 
crystalline precipitate indicates potas. 
sium. 

The sensitivity of the test can be ip. 
creased by adding a drop of silve 
nitrate solution, but before this 
done, a drop of the test solution 

shoal be added to a drop of silver 
nitrate alone to find whether halides 
or NH, salts or other interfering salts 
are present in the test solution. Thes 
produce a thick white precipitate 
which would obscure the cobaltinitrite 
test. 
Mg** 7. Place a drop of neutral or slightly acid 
test solution on a white spot plate. 
Add a microdrop of N potassium by- 
-droxide followed by a microdrop of 
iodine solution. (N iodine in 20 pe 
cent KI solution.) Stir until the solu. 
tion becomes brown from free iodine. 
After 1 min. add potassium hydroxide 
‘until solution becomes lemon yellow 
If Mg** is present, brown flecks are 
clearly visible in the yellow solution 
NH,*, Al*** and such ions as form 
colored hydroxides under test condi- 


tions interfere. 


Quantitative Tests: 


1. Sodium.—Use a suitable aliquot part 
of the solution and evaporate it care 
fully to a small volume, then add mor 
than ten times the volume of zinc 
uranyl-acetate reagent and allow t 
stand 30 min.: finally, gravimetrically 
filter the precipitate by suction, washing 
with small portions of the reagent 
absolute alcohol, and ether. The weight 
of sodium is equal to 0.01495 times tht 
weight of the precipitate (3). 

2. Calcium, Magnesium, possibly Bar 
ium, also Potassium.—Use a suitabl 
large aliquot part of the solution, con 
centrate it by evaporation and add | 
large excess of a saturated solution 
ammonium oxalate. The precipitate 0 
calcium oxalate is separated and washe 
with water by suction filtration, driet 
and weighed. 

The filtrate from above is used for the 
quantitative estimation of magnesiul, 
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; desired. Evaporate it to dryness ex- 
‘ling ammonium salts, then dissolve it 


dilute HCl and then precipitate 


gnesium ammonium phosphate as 


yws. Acidify the solution with 5 ml. 
centrated HCl, add methyl red in- 
stor, and add a 5- to 10-fold excess 
the precipitant, a saturated solution 


fdiammonium phosphate. Then add 
mmonia water (sp. gr., 0.90) slowly, 


ile stirring, to neutralization. Stir for 


;min. or until the precipitate is well 
med, then add a little excess ammonia 


ter, stir for 10 min. Filter the precip- 
te after it has stood overnight, and 


en wash with water containing 3 per 


it by volume of ammonia water. 


lmite the wet filter paper and precip- 


te ina weighed platinum crucible at 
proximately 1000 C. to constant 
ight. The magnesium pyrophosphate 


s weighed. 


Barium can further be obtained from 
e magnesium filtrate by precipitation 
the sulfate. 

After elimination of such ions as 
ium, magnesium, and barium, as 
dicated above, the filtrate can be 
alyzed for potassium. 

Evaporate to dryness, expelling am- 
oium salts. Dissolve in water and 
id twice the perchloric acid required 
) convert the salts into perchlorates. 


Lvaporate to dryness with special at- 


‘ition to driving off all the excess 
chloric acid; cool the beaker, rinse 
¢ inside with a little water and repeat 
¢ evaporation and heating. Dissolve 


the residue by adding 95 ml. of 95 per 
cent ethyl alochol and heating if desired. 
Chloroplatinic acid, 0.2 g. dissolved in 
5 ml. of 95 per cent ethyl alcohol, is 
added to this solution, preferably hot, 
and after a few minutes digestion and 
vigorous stirring, the mixture is cooled 
to 0 C. and allowed to stand with fre- 
quent stirring at this temperature for 
over an hour. The precipitated solution 
is filtered through a sintered-glass cruci- 
ble, the potassium chloroplatinate is 
washed with several portions of cold 
absolute alcohol, to free from sodium 
perchlorate. It is then dried and weighed. 

The above discussions of the dif- 
ferential thermal analysis for mineral 
structure, the determination of soil pH, 
the identification of admixed chemicals, 
and the determination of base-exchange 
capacity with the concomitant analysis 
of the exchangeable ions associated with 
the soil complex have of necessity been 
summarized in view of the authors’ 
intent to emphasize the perspective of 
the method of testing delineated. In 
conclusion it may be said that it is hoped 
that the field of soil mechanics will 
rapidly advance towards filling in the 
details, thereby simultaneously broaden- 
ing the perspective, to the advancement 
of our understanding of soil behavior. 
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Mr. Epwarp A. WILLIs.'—Of inter- 
est in connection with this paper is an 
article entitled “Michrochemical Exami- 
nation of Soil Solutions,” by James 
A. Kelley, published in the July, 1935, 
issue of Public Roads. 

The report describes the study of 
concrete roads in New York and other 
locations and the crystal growth that 
was associated with them. 

Mr. L. E. Grecc.2—We have carried 
out a certain amount of work in our 
Research Laboratories at the University 
of Kentucky. A report on that work was 
presented by Mr. J. H. Havens at the 
last meeting of the Highway Research 
Board in Washington. Incidentally, that 
project is being extended. 

I want to congratulate the authors of 
this paper for bringing forth this very 
important and timely presentation on 
a phase of soils that, I think, has been 
neglected for a long period of time. They 
gave, in their data on the differential 
thermal analysis, something that en- 
hances greatly mineralogical identifica- 
tion and analysis provided it can be 
controlled as much as they indicate. 

In our work with the X-ray diffraction 
method, we have had great difficulty in 
determining the percentages of different 
clay minerals in a combination. . For 
example, we would like to know whether 
we have, say, approximately 30 per cent 
illite, 20 per cent kaolinite, and 50 per 
cent montmorillonite in a_ soil with 
which we are working. And we cannot, 
with the X-ray method, differentiate 


1 Senior Highway Engineer, Bureau of Public Roads, 
Washington, D. 

2 Associate Director of Research, Kentucky Depart- 
ment of Highways, Highway Materials Research c 
Lexington, Ky. 
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them——or haven’t been able to thus far— 
as closely as we think it should be done. 
If this can be accomplished invariably 
with the differential thermal analysis, 
then I recommend it very highly. 

One point with which I would take 
exception is the suggestion that chemical 
and mineralogical properties can, in 
themselves, be more important than the 
strength of a material. I believe we should 
not overemphasize them as factors in 
soil mechanics. While they are funda- 
mental in determining soil behavior, 
they are adjuncts or supplemental char- 
acteristics which can tell us much about 
the inconsistencies that we observe in 
our physical tests. Despite their impor- 
tance and our efforts to reveal that im- 
portance, I would be the last to main- 
tain that tests for these properties can 
replace entirely physical tests or other 
determinations for things that we really 
need to know. 

Mk». E. J. have had 
the same experience as that pointed out 
by Mr. Gregg. We find that the thermal 
curves given by the differential method 
will vary with respect to the degree of 
fineness of the materials used. The de- 
gree of compaction of the sample will also 
have an effect. 

We, like the authors, have also found 
it possible to determine the percentages 
of materials present from the differential 
thermal curve provided there are no 
more than two minerals present. We 
have, therefore, supplemented this 
method with X-ray diffraction and spec- 
trographic analysis, using both internal 
and external standards. This does not, 


3 Professor of Soil, Mechanics and Sanitary : an 
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iowever, mean that the differential 
hermal analysis does not occupy an 
mportant place. But I believe that the 
lifferential thermal, X-ray and spectro- 
sraphic analysis will all be needed to 
lefine materials as closely as is necessary 
in order that certain inconsistencies in 
physical tests might be better explained. 

| likewise agree with Mr. Gregg that 
these tests will not replace either the 
physical or the mechanical tests now used 
but they are needed in order better to 
explain the inconsistencies in results 
obtained in many cases. 

Mr. Mires D. Carron.t—Some of 
the work that has been done on soil- 
cement, particularly our early work, 
brought out very clearly the importance 
and significance of the surface chemistry 
of soils. Perhaps a brief review of some 
of that early work will be of interest and 
value. 

As test procedures were set up to in- 
vestigate soil-cement mixtures, a pH 
determination was purposely included, 
and was conducted on all soils for several 
years to give histories and backgrounds 
as to the possible influence of pH on 
cement reaction in soils. This several 
years’ work showed rather conclusively 
that the pH of the soil before cement 
addition had no discernible influence on 
the reaction of cement with the soil. 

However the early work on soil-cement 
mixtures gave very vivid proof, at once, 
that the surface chemistry of soils was 
4 predominant factor. This was shown 
by the fact that soils of apparent similar 
physical characteristics did not respond 
locement treatment in the same way. 

Recognition of this surface chemistry 
was evidenced by the Portland Cement 
Assn. setting up a fellowship at the Uni- 
versity of Missouri, under Mr. Winter- 
kom, in the late thirties, and during a 
wo-year period a series of tests was 
conducted on soils in which the ad- 
‘orbed ion was controlled. 


‘Mana,er, Soil-Cement Bureau, Portland Cement 
Assn, Chicago, 
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This work has been reported by Mr. 
Winterkorn to the Highway Research 
Board and will be found in its Proceed- 
ings.° 

The summary of that work indicated 
that the adsorbed ion was an influencing _ 
factor, but the work possible to do in | 
the two years did not permit evaluation 
of that influence. With some soils the _ 
changing of the adsorbed ion from one ~ 
to another may have improved the 
cement reaction, but with other soils, 
those same adsorbed ions had a decreas- 
ing influence on the cement reaction. 
But that work in the thirties did point 
out that the surface chemistry of soils is — 
a most important factor in the action of 
the soil from a practical standpoint. 
While nothing was uncovered which 
could be used, it was found that should _ 
this adsorbed ion be of an unfavorable | 
character it was overcome by adding 
additional cement. 

As part and parcel of the phenomenon 
of the surface chemistry of soils, we en- 
counter soils which have a high organic 
content. Personally, I use the word 
“organic” advisedly, because the ad- 
sorbed chemical cannot be identified and 
I believe that surface chemistry is defi- 
nitely involved. It was found that 
sandy surface soils in coniferous areas 
with high organic contents required 
high cement contents to properly harden. 
In these cases, cement contents by 
volume of the order of 20 to 30 per cent 
were required for normal hardening 
rather than the usual 10 per cent. After 
extended research, it was found that 
they became normal reacting soils after 
the addition of relatively small quanti- 
ties of calcium chloride of the order of 
0.6 per cent by weight or by adding about 
20 per cent by weight of clayey soils.® 


5 Hans F. Winterkorn, Harold J. Gibbs and Rollie G. 
Fehrman, “Surface Chemical Factors of Importance in 
the Hardening of Soils by Means of Portland Cement,” 
Proceedings, Highway Research Board, Vol. 22, p. 385 
(1942). 

6 Miles D. Catton and E. J. Felt, ‘Effect of Soil and 
Calcium Chloride Admixtures On Soil-Cement Mixtures,” 
Proceedings, Highway Research Board, Vol. 23, p. 495 
(1943). 
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Here are practical, physical illustra- 
tions of the influence of the surface 
chemistry of soils on their behavior. 
So, while it may be said in general that 
the surface chemistry of soils has not 
received the attention from the general 
soils scientists that it might have, the 
literature will show that different indi- 
viduals at different times during the 
past 15 yr. have recognized and given 
considerable weight to this very impor- 
tant phenomenon. 

Mr. W. G. Hottrz.’—In our work in 
the Bureau of Reclamation we have ex- 
perienced some rather sad results in the 
past on some foundations in which mont- 
morillonite clays were present, and con- 
sequently we have become very con- 
scious of recognizing these clays prior to 
design and construction. 

We have developed several very simple 
index tests to identify the montmoril- 
lonite clays and other types of swelling 
clays. These are the free-swell, and 
staining tests. We also have good corre- 
lations between swelling properties and 
the Plasticity Index and the shrinkage 
limit values of soils. 

Mr. T. LAMBE (author’s 
closure).—The author fully agrees with 
Mr. Gregg that at the present time the 
value of chemical and mineralogical 
properties lies in their aid in interpre- 
tating and understanding the results of 
standard engineering tests. However, 
the author does feel that in the far future 


7 Head, Earth Materials Lab., U. S. Bureau of Recla- 
mation, Denver, Colo. 


it may be possible to make ime 
predictions of the shear strength, per. 
meability, compressibility, etc., of a soil 
from a complete understanding of the 
component parts and their geological 
history. Certainly the explanation of 
such phenomena as soil structure will 
be greatly aided by chemical and min. 
eralogical studies. 

As stated in the footnote on page 98) 
of the paper, one should not infer that 
quantitative analyses on natural soils 
will always be possible. For example, 
the thermal curves can be greatly af. 
fected by impurities. Also, as Mr. Kil- 
cawley points out, the grain size, void 
ratio, etc., have effects on the thermal 
curves. It is not easy to study the rela- 
tion of grain size to thermal curves, since 
it is difficult to maintain the same min- 
eral composition for the different frac- 
tions. For instance it is possible that the 
finest size particles of a supposedly pure 
kaolinite may be montmorillonite. 

The author is aware of contributions of 
such well-known scientists as Mr. Winter- 
korn in the field of soil stabilization. It 
was the purpose of the paper to indicate 
the procedure and significance of chem- 
ical and mineralogical properties to the 
common man of soil mechanics. 

Finally the author would like to ex- 
press his appreciation to the discussers 
of this paper. They have enhanced its 
value by bringing out points not well 
made and by presenting the other side 
of one of the author’s opinions. 
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SUBSURFACE EXPLORATIONS BY GEOPHYSICAL METHODS* 


SYNOPSIS 


‘The principles of both the seismic and the electrical resistivity methods of 
subsurface exploration are described and illustrated. The results of field tests, 
as made by the Corps of Engineers, show the methods to be relatively rapid 
and inexpensive in determining the depth of overburden as well as some of its 
physical properties. The seismic method has been particularly useful in the 
study of large dam sites, while the electrica] retistivity method is more ap- 
plicable to highway and levee construction. Methods of interpretation and 


analysis are described. 


E. RaymMonpb SHEPARD! 


Although geophysical methods of sub- 
surface exploration have been in common 
se for more than 20 yr., particularly in 
he search for petroleum, there has been 
ome reluctance and delay in taking full 
advantage of these principles in the de- 
ign and construction of engineering 
structures. 

Of the numerous possible methods of 
geophysical exploration, only the elec- 
trical resistivity and the seismic methods 
ave found application to the relatively 
shallow work involved in engineering 
problems. Some of the early attempts 
with the former method met with marked 
success while others proved to be decid- 
edly disappointing. The difficulties and 
uncertainties inherent in the interpreta- 
on of electrical resistivity data and 
lundamental limitations of the methods 
‘0 apply under all conditions are prob- 
ably responsible for the reluctance on 
the part of some engineers and geologists 
‘0 use this method and also the seismic 
method to the full extent of their pos- 
sibilities, 


Presented at the Fifty-second Annual Meeting of 
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993 


A thorough understanding of the 
proper application and of the limitations 
of these methods is necessary for their 
most efficient and economical use. Under 
certain favorable conditions, as for ex- 
ample, on preliminary or reconnaissance 
investigations of dam sites, large savings 
in both time and money may be accom- 
plished. In general, the character of the 
information desired will dictate the 
method of exploration to be used. Where 
specific information regarding the charac- 
ter of either rock or overburden is re- 
quired, geophysical methods cannot often 
be used to advantage. However, where 
the thickness of overburden is to be 
determined or where a soil profile with 
respect to type of alluvial deposits or 
degrees of weathering is desired, geo- 
physics can supply the answers with 
sufficient accuracy and reliability. Such 
methods are not wholly a substitute for 
the core drill and other established 
methods of exploration but rather an 
aid to them and often a guide by which } 
the use of these slower and more costly ; 
methods can be limited to a practical — 
minimum. 
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A certain amount of drilling or test- 
pitting is desirable in any major geo- 
_ physical program as an aid to interpreta- 
tion of data and as a means of limiting 
the tests to areas wherein worth-while 
information can be obtained. 

When intelligently used by experienced 
operators, these methods afford a rela- 
tively rapid and inexpensive means of 
exploring certain types of soil formations. 
Considerable literature on the subject is 
now available, and this should be con- 
sulted by those intending to employ the 
methods extensively. Seismic and elec- 


trical resistivity apparatus designed es- 
pecially for engineering use are now com- 
mercially available and during recent 
years have been used extensively, par- 
ticularly for preliminary surveys of dam 
sites. 


Tue Seismic MetHop oF SUBSURFACE 
EXPLORATION 


_ Principle and Procedure: 


The seismic method of exploration is 
based upon the fact that the velocity of 
wave propagation in the earth’s crust dif- 
fers greatly in different substances. Gran- 
ular materials such as sand and gravel 
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Fic. 1.—Portable Seismograph Used by Corps of Engineers for Subsurface Explorations. 


or plastic materials such as clay transmit 
wave disturbances, commonly calle 
sound waves, at velocities of 600 ty 
6999 ft. per sec., while rigid materials 
like shale, sandstone, and crystalline 
rocks transmit such disturbances at 70) 
to 20,009 ft. per sec. This wide range jn 
velocities in different kinds of soils an¢ 
rock provides a means of measuring di. 
rectly the rigidity of subsurface materials, 
one of the properties with which the 
engineer is greatly concerned. 

To what extent other physical proper. 
ties such as bearing power and resistance 


to plastic flow can be determined from 
velocity measurements is not fully 
known. In a given region or under a givel 
set of geologic conditions it is often found 
that certain formations can be identified 
and located by their characteristic veloci- 
ties. As our knowledge of these matters 
increases and as our correlations betwee 
velocities and physical properties art 
extended, the seismograph as a geophys 
ical tool will become more and mort 
valuable. 

Two methods of seismic exploration 
that are in common use are known re 
spectively as reflection shooting and tr 
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‘action shooting. These terms have the 
gme significance in geophysics as they 
in optics, the mathematical theory of 
e transmission of elastic waves through 
lids and liquids follows largely the 
ell-known laws of optics. In reflection 
ooting, interpretations are based on 
ves that are reflected directly from 
ferent strata under investigation, while 
refraction shooting it is the refracted 
aves that are studied. As reflection 
ooting is applicable only to relatively 
ep formations, the refraction tech- 
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ground at a known distance from the 
detectors. An electrical connection be- 
tween the oscillograph and the dynamite 
records the shot instant. A time scale 
produced by an electrically driven tuning 
fork is recorded on the oscillograph film. 
A portable seismic outfit of the type used 
by the Corps of Engineers (1, 2, 3)* is 
shown in Fig. 1. 

The usual practice in refraction shoot- 
ing is to place three detectors on the 
ground in a line, at intervals of from 
25 to 50 ft. Shots are then fired succes- 


OO 


nique is used exclusively for the shallow 
epths with which the engineer is con- 
ered, 

The seismic apparatus, as used in re- 
action shooting, consists essentially 
fone or more detectors or geophones 
ind an oscillograph recorder. The detec- 
‘rs are connected electrically with the 
‘cillograph so that the time of the 
‘rival at each detector of a wave dis- 
lurbance can be photographically re- 
‘rded. The disturbance is created by 
‘ploding a charge of dynamite in the 


OO 


Fic. 2.—Time-Distance Curve, Soil Profile Determination. 
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sively and at increasing distances along 
the detector line, beginning with 10 ft. 
from the center detector and extending 
the shooting distances by intervals of 
about 50 ft. to such lengths as may be 
required. A shooting distance of three to 
four times the depth to which informa- 
tion is desired is usually necessary. From 
the film records, the time of wave travel 
from each shot to each of the three de- 
tectors is read and the results plotted in 


_ *The boldface numbers in parentheses refer to the 
list of references appended to this paper see p. 1009. 
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the form of a time-distance graph, as 
shown in Fig. 2, from which a depth 
profile of the overburden with respect to 
velocity characteristics is derived. 


Depth Determinations: 


Referring to Fig. 2, it will be seen that 
for a homogeneous material the time- 
distance relation from disturbances origi- 
nating at the shot point, S, will be a 
straight line through the origin. This is 
evident from the fact that in such a 
medium the velocity of wave propaga- 
tion is constant, or the time of travel is 

_ Proportional to the shooting distance. 
It is also evident that the slope of such 
a graph is a measure of the velocity in the 
medium, since velocity is equal to dis- 
tance divided by time. 
_ When a layer of homogeneous soil is 
underlain by one of higher elastic proper- 
ties, such as that designated as clay, 
_ there will be a critical shooting distance, 
such as OF, for which the time of travel 
through the upper medium is just equal 
to the time of travel over the longer path 
which penetrates the deeper and faster 
layer. At this critical distance there will 
_ be a break in the time-distance graph to 
a different slope,CD, which represents the 
_ velocity of wave propagation in the second 
medium. For shooting distances greater 
than OF, such as OP, the total time of 
travel, PN, over the course ST/ R is made 
up of two parts; a constant time, PQ, 
and a time, QN. The latter is propor- 
_ tional to the shooting distance and repre- 
sents the time of travel through the 
deeper medium from T to J. The con- 
stant time, PQ, must therefore be the 
time of travel from S to T, plus that 
from J to R, or through a distance 2H, 
where //, is the thickness of the topsoil. 
Now, since distance is the product of 
velocity and time, 2H, Vi X OA, 
where V; is the velocity of wave propaga- 
tion in the topsoil, and OA, the intercept 
on the time axis, is equal to PQ; or 
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In like manner, when the critical 
shooting distance, OG, for the third, or 
rock, layer is reached, there will be 
another break in the graph to a new 
slope, DW, which represents the velocity 
in the rock stratum. Also, the intercept 
MK or AB represents the time of travel 
two ways through the clay stratum, 
whose thickness, H,2, is determined as 
follows: 


While these relations are based on the 
assumption of an ideal stratificationof 
homogeneous materials, as depicted on 
Fig. 2, there is a striking similarity, as 
will be shown later, between the theoret- 
ical graph and many of those developed 
from actual field data. 

The above equations are developed on 
the assumption that the path of the 
seismic wave is vertical from the shot 
point to the rock, thence along the rock 
to a point directly under the detector, 
and thence vertical to the detector. While 
this assumption gives satisfactory values 
for shallow depth determinations, it is 
preferable to use a more exact formula 
for the greater depths encountered in 
exploring locations for dams, reservoirs, 
and other large engineering structures. 


Determination of Velocity in Rock and 
Slope of Interface: 


When the surface of the rock or deeper 
zone is parallel to the ground surface, 
the velocity of wave propagation in this 
zone is determined from the slope of the 
graph as previously explained. When the 
interface is not parallel with the ground 
surface, it is necessary to shoot the line 
of detectors from opposite directions to 
obtain the true velocity in the deeper 
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ne, and the data so obtained also can 
be used to determine the slope of the 
interface. 

In Fig. 3, which applies only to gentle 
or moderate slopes, let 
D, and D2 be two detectors separated by 


a distance L, 

/, = the velocity in the earth, Toes 

J, = the velocity in the rock, 

T, = the time difference in the arrival 
of the wave at each of two detec- 
tors, 

and 


5 = the slope of the interface = 7 


When shooting down slope from A 


H. 


LS _ LV: + LSVs 
Vi Vi V2 
The apparent velocity in the rock when 
shooting down slope will be 
LV, + LSV2 


+ 


Vit SV2 


_ VilV2 — 
V2Va 


an overburden of velocity V; and thick- _ 
ness H;, is known as the critical distance _ 
and is shown as OF in Fig. 2. It canbe 
seen that this is the shooting distance at 
which the time of wave travel, T, _ 
through the upper stratum isthesameas 
that through the stratum of ‘velocity _ 
V2. Assuming rectilinear wave travel, this 
relation is expressed mathematically as 
follows: 


Vi Ve 


or 


When the velocity ratio At 


is 


0.4 L This means that the critical dis- - 
tance at which the deep wave willover- 


~~ GROUND SURFACE 


Fic. 3.—Determination of Interface Slope and 
Velocity in Rock. 


take the wave in the overburden will be | 
2.5H;. If the velocity ratio is relatively _ 


7 high, as in till of 6000 ft. per sec., and 
rock of 10,000 ft. per sec., H; will be 


Vi(Vu Vo) 
V2 


Combining Eqs. 3 and 4, we have 


S = 


Relation of Shooting Distance to Depth of 


Exploration: 


The shooting distance, L, required to 
teach a medium of velocity V2 beneath 


0.2 L or L will equal 5H. As it is desir- 
able for confirmation to have at least 

two shots showing rock velocities, these 
estimated shooting distances should, in 

field practice, be somewhat exceeded in 

exploring to a predetermined depth. 


Velocity Characteristics in Different Ma- 
terials: 


= 


As all seismic interpretations are based 
on observed velocities, it is important 
to inquire into the many properties and 
factors which determine the velocity 
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characteristics of subsurface materials. 


In general, it may be said that the 
velocity of wave propagation in non- 
consolidated materials is low and that in 
consolidated materials it is high. How- 
ever, when we consider that there is no 
sharp line of demarcation between these 
two classes and that velocities are af- 
fected by many other factors such as 
texture, moisture content, air voids, and 
compaction, there is little wonder that 
we find velocities ranging all the way from 
a minimum of about 600 ft. per sec. 
in light, dry topsoils to some 20,000 ft. 
per sec. in crystalline rocks. 

The effect of moisture on the velocity 
in different materials is not fully known 
or understood, although moisture is 
known to be a major factor. It is often 
possible to determine the elevation of 
the water table in silty or sandy soil by 
an abrupt change in velocity from nor- 
mally low values in the upper strata to 
values of 5000 to 6000 ft. per sec. Such 
an abrupt change in velocity might easily 
lead to a false interpretation unless the 
cause of the higher velocity is definitely 
known. 

While there is little chance of making 
a serious error in interpreting either very 
low or very high velocities, there is a 
wide band of velocities ranging from 
about 2000 to 8000 ft. per sec. which are 
often difficult to interpret without cor- 
relating data from the particular location 
in question. Velocities within the range 
mentioned occur in such a large number 
of different subsurface materials and for- 
mations that it is not possible to associate 
any particular material with a given ve- 
locity. Silt, sand, loam, muck, and other 
similar re-deposited materials exhibit low 
velocities of 600 to 1600 ft. per sec., while 
in well-compacted clays and gravels, ve- 
locities range from 3000 to 6000 ft. per sec. 
In shales, sandstones, hardpan, and ce- 
mented gravel, velocities may be as high 
as 5000 to 8000 ft. per sec. When it comes 


to fractured and disintegrated rock, it is 
unsafe to place any limits on the veloci- 
ties which may occur. Very low veloci- 
ties, comparable to those in silt and 
sand, have been observed in a mass of 
loose rock and boulders which contained 
little or no earth but in which there was 
no continuity of structure. In native rock 
in place, but weathered, seamed and 
fractured, velocities usually range from 
3000 ft. per sec. up. It requires only 
slight seaming to reduce velocities in 
crystalline rocks from 18,000 to 10,000 
ft. per sec. 

Upon undertaking work in a new or 
unknown area, it is always desirable to 
Jook for some correlating data such as 
wells, road cuts, test pits or drilling logs. 
One or two test pits or drill tests are often 
sufficient to give validity to a large num- 
ber of seismic tests. 


Applicability and Limitations: 

The seismic method of exploration is 
not equally applicable to all types of 
formations, and it is important to know 
its limitations so that its use may be 
restricted to those conditions where useful 
and reliable information can be obtained. 
It can be used successfully in most locali- 
ties, although regional geology has a pro- 
nounced effect on the accuracy and ease 
of interpretation. Ideal conditions are 
present when the surface of the rock is 
hard and unweathered, with little or 
no jointing or fracturing, as prevail in 
crystalline rock, sandstone, limestone or 
well indurated shale. Such conditions 
exist in most of New England and the 
Middle Atlantic states, in portions of 
the central area of the country, and 
in much of the Rocky Mountain and 
Pacific Coast territories. At even the 
most favorable site, however, local condi- 
tions may be encountered which will act 
adversely because of weathering of the 
rock. Where rock is badly weathered and 


1 ( 


the overburden is stony, it may be 
virtually impossible to distinguish be 
tween the two. Likewise, where well- 
compacted glacial till overlies a jointed 
or weathered rock surface, it is difficult 
to be certain of the location of the rock 
surface. 

The method is particularly adapted to 
preliminary or reconnaissance surveys of 
dam sites. At many locations, a rela- 
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readily determined. On the abutments, 
results are less reliable because of the 
highly selective weathering of the rock 
and the difficulty of determining the 
quality of weathered and fractured rock 
by velocity measurements. 

The method has found useful applica- 
tion in the limestone region of Kentucky, 
Tennessee, and Indiana, where deep fills 
of alluvium are characteristic of the 
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tively small amount of work has elim- 
inated possible dam sites from further 
consideration by showing the absence 
of sound rock needed for foundation 
support. Depths of gravel deposits and 
alluvial fills are determined with good 
accuracy and pre-glacial valleys and 
gorges outlined. In the South Atlantic 
Division through Virginia and the Caro- 
linas, good results are obtained in the 
valley floors where overburden depths are 


200 
SHOOTING DISTANCE , FT. 
Fic. 4.—Seismic Record Along Connecticut River. 
Note.—The various symbols on the curves represent plotted points obtained from different shots. 


valleys. Here the primary use of the 
seismic method is in piloting the drill to 
the most economical sites. Generally, the 
location of a site depends upon the 
presence of a buried rock terrace or 
bench upon which a spillway, lock, or out- 
let structure may be founded. 

In limestone regions where solution 
channels, caverns, pinnacles and such 
irregularities occur, the method is not 
well adapted because of its inability to 
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Seismic Record Along Olentangy River, Ohio. 


Note.—The various symbols on the curves represent plotted points obtained from different shots. 
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Fic. 6.—Seismic Record at Whitney Point, New York. 


Note.—The various symbols on the curves represent plotted points obtained from different shots. 


= 
de 
to 
n 
0 
‘ 
| 
: 
1. 
| 
+1) 


determine depths at a specific location or 
to obtain velocity profiles except where 
the velocity increases with depth. In such 
areas the average depth to the top of 
hard rock can be determined but the 
presence of minor anomalies is not easily 
disclosed. 

The most usual problem for which the 
Corps of Engineers has found the seismic 
method of exploration applicable is that 
of determining the depth of overburden 
and the extent of rock weathering on 
proposed dam sites. In the river bottoms 
the depth of the alluvial deposits is de- 
sired, while on the abutments the depth 
of the overburden as well as the depth to 
firm rock is required. It is also important 
to determine the elevation of the top of 
rock at various possible spillway saddles. 
Where alternate dam sites are proposed 
it is often possible to eliminate one or 
more by the exploration of a relatively 
few seismic lines. In this way an accurate 
topographic survey of all possible sites 
may be deferred until the most suitable 
site has been selected. When a site is 

finally selected, the location and eleva- 
tion of each line may then be determined. 

Best results are obtained by laying 
out the seismic lines parallel to the river 
in the flood plain and along contours on 
the abutments. Generally this assures 
4 more uniform overburden and depth 
to rock along the seismic line than if it 
is laid normal to the river. 


Typical Examples of Field Operations: 
A few typical graphs prepared from 
actual field operations will serve to il- 
lustrate the application of the seismo- 
graph to a variety of formations. The 
symbols on these graphs have the same 
significance as those in Fig: 2. 

The simplest exploration problem to 
which the seismograph is applicable, is 
that of determining the thickness of 
sedimentary deposits over a relatively 
flat rock floor. Where this condition 
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exists in a simple and ideal form, it is 
usually possible to obtain remarkably 
accurate and reliable results. Illustrative 
of this condition is the graph shown in 
Fig. 4, which is the result of measure- 
ments made along the Connecticut River 
near Hartford. The symbols in condi- 
tions in this area are particularly favor- 
able for seismic exploration as the over- 
burden is composed almost entirely of a 
homogeneous clay which transmits the 
seismic waves at a velocity of 4800 to 
5300 ft. per sec. Records were obtained 
along the shore line of the river where in 
most places a few feet of silt overlies a 
dense blue clay. 

Subsequent to the seismic measure- 
ments along the Connecticut River, a 
number of borings were made. The cor- 
relations between the two methods of 
test were generally satisfactory and were 
remarkably good at this location, as 
shown in the data in Fig. 4. 

Figure 5 is given as a classical exam- 
ple of a three-layer condition and one in 
which the depth calculation is definite 
and straightforward. 

The graph shown in Fig. 6 was made 
from seismic tests at Whitney Point, 
N. Y., where drilling logs provided an 
accurate check on the geophysical tests. 
In spite of the complex overburden pres- 
ent, a remarkably accurate depth to 
bedrock was predicted before the drilling 
records were disclosed. 


Time and Costs: 


Costs of seismic explorations, ob- 
viously, will vary over a considerable 
range, depending upon a variety of fac- 
tors, including size of field party, charac- 
ter of terrain, amount of travel, ac- 
cessibility of sites, and whether men are 
on per diem subsistence. On preliminary 
surveys, it is usually possible to shoot 
from two to five lines per day, or a prob- 
able average of three. At an estimated 
cost of $150 per day for a seismic party, 
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this amounts to a round figure of $50 per 
line. 


THe ELecrricaL Resistiviry MretTHop 
OF SUBSURFACE EXPLORATION 


Subsurface exploration by the elec- 
trical resistivity method is accomplished 
by measuring at the ground surface 
changes in the electrical resistivity of 
the soil. This property of the soil, which 
varies inversely with the total amount of 
ionized salts present, is useful in explora- 
tion studies only so far as the physical 


Principle and Procedure: 


ble as the seismic method for determin. 
ing overburden depths because some 
kinds of overburden exhibit as great or 
greater electrical resistivities as the 
underlying rock. If a rock is very dense, 
it is evident that the amount of moisture 
it contains and, therefore, the amount of 
soluble salts present, is exceedingly small 
and that its electrical resistivity is there- 
fore, very high. This is true of rocks like 
granite, gneiss, marble, and of all meta- 
morphosed or compact rocks, where only 
a limited number of open spaces or pores 
exist. Rocks with a high water content, 
like clays, marls, soft limestones, shat- 


LCURRENT 
FLOW LINES“ 


Fic. 7. 


properties of soils and rock can be related 
to it. As such relations are fortuitous, 
‘they cannot be expected to exist gener- 
ally. However, under favorable condi- 
tions it is possible by measuring soil 
resisitivities to determine depths to inter- 
faces or changes in underground condi- 
tions. As solid rock usually contains 

- much less soluble salts than is present in 
soil, it is often possible to determine soil 
depths by this method. Similarly, dif- 
-ferentiatio can often be made between 
= gravel or sand and that containing 
a relatively large amount of fine material. 
The method is not as accurate or relia- 
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tered zones and wet faults are relatively 
low in resistivity and may not be dis- 
cernible, by the resistivity test, from 
the overlying strata. 

The method has met with considerable 
success in outlining shallow areas of rela- 
tively clean and pervious coarse mate- 
rials suitable for road surfacing and other 
purposes and in otherwise determining 
variations in overburden with respect to 
both vertical and areal distribution. It 
is more applicable to very shallow deter- 
minations, on which abrupt changes 
observational data are frequently ob- 
tained, than on deep work, where inter- 
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pretations are usually difficult and in- 
definite. 

For shallow work it is more rapid and 
sgmewhat less costly than the seismic 
method, while for depths in the range of 
100 ft., the time required in the two 
methods is about the same. 

Several electrode configurations have 
been used for making earth resistivity 
determinations, but the one in most com- 
mon use and used by the Corps of Engi- 
neers is the so-called Wenner, or 4-elec- 


two intermediate electrodes, P; and 
P», placed in line between C; and C2, and 
dividing the distance C;, C2 into three 
equal parts, A, termed the electrode 
interval. 

In 1915 Wenner (4) showed that with 
this 4-electrode arrangement the specific 
resistivity of a homogeneous medium is 
given by the equation 
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Fic. 8.—Circuit Diagram for Earth Resistivity Measurements. 


trode, method. The “step traverse” 
method used for rapid determination of 
comparative depths or quality of mate- 
rial in extensive areal and linear surveys 
has been found useful in the study of 
levee design and construction and the 
investigation of alluvial deposits with 
respect to grain size. 

The principle underlying electrical 
resistivity measurements by the 4-elec- 
trode method is illustrated in Fig. 7. 
An electric current, J, is caused to flow 
through the earth between two elec- 
trodes, C; and Cz. Measurement is then 
made of the potential drop, Z, between 


where A is expressed in feet. The specific 
resistivity, P, is expressed in ohm-centi- 
meters and denotes the resistance in 
ohms between parallel faces of a centi- 
meter cube of the material. 

If the medium is not homogeneous, the 
indicated resistivity, P., termed the 
apparent resistivity, represents an aver- 
age specific resistivity of the material 
bounded by the equipotential surfaces 
P,N, and P2Ne, but its value is deter- 
mined largely by the properties of the 
material within a depth equal to A and 
only slightly by the materials at a rela- 
tively great depth. 
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Now, if values of apparent resistivities 
are obtained for various electrode inter- 
vals, and if these are plotted as ordinates 
against corresponding values of A as 
abscissas, the inflections in the result- 
ing curve will indicate in a general way 
the vertical variations in the specific re- 
sistivity of the soil. Methods of inter- 
preting such curves with respect to 
depths of discontinuities are discussed 
in a following section. 


Apparatus: 


Several types of electrical resistivity 
instruments are in common use, all of 
which are designed to eliminate or com- 
pensate for stray current and potential 
effects. The essential features of a simple 
direct-current type is illustrated in Fig. 
8. It consists of a dry battery of variable 
voltage; a milliammeter having several 
ranges; a potentiometer for measuring 
voltages between the potential elec- 
trodes; two reversing switches; five elec- 
trodes, three of which are of the non- 
polarizing type designed to eliminate 
galvanic potentials; and suitable wires 
for connecting the movable electrodes to 
the stationary apparatus. The middle 
electrode was suggested by Lee (5) of 
the Bureau of Mines, its purpose being to 
determine slopes or unsymmetrical con- 
ditions along the test line by making in- 
dependent voltage measurements on 
either side of the center. The non-polariz- 
ing electrode consists of a copper plate 
or coil of wire submerged in a concen- 
trated solution of copper sulfate in an 
unglazed porous porcelain cup. 

To eliminate the effect of any stray 
ground current of a constant and unvary- 
ing character, readings are taken with 
the test current flowing through the 

ground, first in one direction and then in 

the other, the reversing switch, S, being 
used to change direction of the current. 

Potential drop readings are taken be- 

tween P, and P2 and, if desired, between 


P; and Po and between P»2 and P, for 
both directions of the current. For 
each value of the electrode interval 
A, the average value of E and J, = 
spectively, is substituted in Eq. 7 and 
the corresponding apparent resistivities 
computed. From these figures the desired 
graph is derived. In practice, it has been 
found convenient to expand the elec- 
trode interval by increments of 2 or 3 
ft. up to about 20 ft. and thereafter by 
increments of 5 ft. For great depths, the 
increment may be still further increased, 
The effects of fluctuating stray poten- 
tials, such as those caused by grounded 
street railway systems, are not entirely 
eliminated in the direct-current appara- 
tus, as the magnitude of such potentials 
may change during the interval of taking 
the double or reverse readings. Where 
such conditions exist, it is desirable to 
repeat the measurements several times 
for each electrode setting. 

Another method of eliminating stray 
and galvanic potentials is by the use of 
alternating or periodically reversed cur- 
rent. A hand-driven shaft bearing two 
reversing commutators accomplishes the 
same purpose as the two reversing 
switches shown in Fig. 8, the frequency 
being about 30 per sec. This type of ap 
paratus, in use by the Corps of Engi 
neers, was first developed by the Na- 
tional Bureau of Standards and used for 
the study of stray current corrosion of 
underground piping systems. It was 
known as the McCollum (6) Earth Cur- 
rent Meter. Later, Gish and Rooney (7), 
of the Department of Terrestrial Mag- 
netism, Carnegie Institute, improved and 
enlarged the commutator, inserted 4 
condenser in the potential circuit to re- 
duce stray and galvanic effects stil 
further, and made other minor improve- 
ments. As now used for electrical resis- 
tivity measurements in soils, it is known 
as the Gish-Rooney method. Apparatus 
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ysed by the Corps of Engineers is illus- 
trated in Fig. 9. 


Interpretation of Electrical Resistivity 
Data: 


The interpretation of electrical resis- 
tivity data is not as simple and direct a 
procedure as that for seismic data, where 
discontinuities are indicated by abrupt 


changes in observed velocities. Such ra- 
tional methods of interpretation as have 
been developed are based on the assump- 
tion that the soil mantle is composed of 
homogeneous and isotropic layers, each 
having a definite electrical resistivity. 
The layers are assumed to be parallel to 
the ground surface and separated from 
cach other by flat and parallel interfaces. 
As such layering rarely occurs in nature 


Fic. 9.—Resistivity Apparatus. 


the interpretative methods applicable to 
it have usually failed to give satisfactory 
correlations with drillings and excava- 
tions. As a result of this condition, many 
investigators have resorted to empirical 
methods of interpretation based, as a 


observational data. These methods are > : 
entirely without theoretical support, and 


their accuracy depends upon the relative 
values of the resistivities of the several 
layers and also upon the relative depths 
to the several interfaces. They are also 
subject to misinterpretation as a result of 
local surface irregularities in the soil and 
other disturbing influences. 

Even with these limitations and dif- 
ficulties the empirical methods of inter- 
pretation are frequently the only ones 
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applicable, and in a surprisingly large 
percentage of instances, particularly on 
_ shallow work, are giving reasonably satis- 


factory results. 


Standard Curve Method of Interpretation: 


In layered formations, as described 
above, 4-electrode resistivity data will 
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Apparent Resistivity 


- Apparent Resistivity 


A= Electrode Interval 
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assume a form such that it is tangent at 
its origin to the value P, the resistivity 
of the top layer, and also ultimately 
asymptotic to the value P,, the resis. 
tivity of the deepest layer. In two- “layer 
formations, such as those indicated jp 
graphs a and 8, Fig. 10, the shape of the 
curve affords a rough measure of the 
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Fic. 10.—Types of Electrical Resistivity Curve. 


assume graphical forms similar to those 
shown in Fig. 10. Where a layer of soil 
having a resistivity of P; is underlain by 
a layer of infinite thickness of resis- 
tivity, P2, greater than P,, the curve will 
_ be of the form shown in graph a. Where 
P is greater than P2 the curve will take 
the form shown in graph b, and where 
_ three-layer formations exist, the curves 
will often be as indicated in graphs c 
and d. In all instances the graph will 


thickness of the top layer, as the steef 
ness of the curve is inversely proportiona 
to that thickness. While this is a help! 
estimating such thickness, it by no means 
provides a definite or reliable measu! 
of the value sought. 

In three- layer formations of the typ 
represented in graphs c and d, Fig. 1 
the value of A at which the peak of the 
curve occurs, as shown in graph ¢, or the 
value of A at which the valley occurs, # 
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chown in graph d, often indicates with a 
sir degree of accuracy the depth to the 
third layer. This is what is known as the 
“Inflection Method” of interpretation. 

It is possible to calculate theoretical 
values of apparent resistivities for two- 
and three-layer formations for given 
values of A, in the 4-electrode configura- 
tion. If, then, a match can be found be- 
tween a field curve and a theoretically 
computed curve, it may be assumed that 
the field curve represents the same depth 
and resistivity ratios as those from which 
the standard curve was derived. This 
method of interpretation is referred to 
as the “Standard Curve Method.” 

Such theoretical curves have been com- 
puted for a few combinations of relative 
resistivities and depths. Roman (8) has 
made such calculations for a number of 
two-layer formations and Wetzel and 
McMurry (9) have computed values for 
102 three-layer combinations, embracing 
34 different ratios of resistivities, 3 depth 
ratios, and 10 values of the electrode in- 
terval. 

Each of the 34 families of curves repre- 
sents a given ratio of the three assumed 
resistivities and the following assumed 
depth ratios, 2 to 8, 4 to 8, and 6 to 8. 
In this form the curves are not suitable 
for matching with field curves because of 
scale differences. If, however, both the 
standard curves and the field curve are 
plotted on similar log-log paper, scale 
differences appear only as an additive 
factor and are taken care of by simply 
shifting the graph sheets laterally or 
vertically over each other to bring the 
‘wo curves into coincidence. When a 
match is found, the depth to the third 
ayer in the field is indicated by the 
abscissa reading on that curve which 
coincides with 8 on the standard curve. 
Likewise, the depth of the first layer is 
indicated by the first depth marker on 
ihe standard curve. 


= 
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Inflection Method: 


As an apparent resistivity, determined 
by the 4-electrode configuration, is a 
rough measure of the average resistivity 
to a depth equal to the electrode inter- 
val, some investigators have made a 
practice of taking electrode intervals at 
which breaks or inflections in the curve 
occur, as indicating boundaries of earth 
layers. Although, as previously ex- 
plained, this method of interpretation is 
neither theoretically sound ‘hor generally 
applicable, there are numerous condi- 
tions under which it provides a very 
simple and direct approximate solution 
to the problem. 


Moore’s Method: 


Moore (10), of the Public Roads Ad™ 
ministration, has developed a modifica~ 
tion of the inflection method which, al- 
though without theoretical basis, has 
enabled him to obtain some remarkably 
accurate correlations between field data 
and actual depths as determined by drill- 
ings and excavations. The method con- 
sists of plotting a cumulative curve of 
values obtained by successive additions 
of the apparent resistivities. The greatly 
reduced scale required for plotting the 
cumulative values serves to minimize the 
effect of purely local surface anomalies 
and errors of measurement. The point of 
intersection of tangents drawn to inter- 
sect at zones of maximum curvature in 
the cumulative curve indicates the depth 
to the boundary in question. Moore has 
found that some types of smoothly 
rounded curves often obtained in the 
field, and to which neither the inflection 
nor the standard curve method of inter- 
pretation is applicable, appear to be sus- 
ceptible to rather accurate analysis by 
his method. 

The method must be used with great 
caution as it is possible to draw an in- 
finite number of tangents to the type of 
cumulative curves usually encountered. 
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If the depth in question is known, it is 


always easy to find two tangents which 
will so intersect as to give what appears 
to be the correct solution. However, in 
many instances the latitude in selecting 
tangents is rather limited, thus permit- 
ting of a nearly unique solution. Moore, 
himself, has had considerable success 
with the method on shallow work. Ex- 
perience and familiarity with the method 
should enable the investigator to know 
when to use it in lieu of, or in combina- 


tion with, other methods of interpreta- 
tion. 


4 
{ 


The Step Traverse: 


The step traverse is an application of 
the 4-electrode method for the purpose of 
determining areal or lateral variations in 
electrical resistivity rather than depth 
profiles as previously described. A con- 
stant electrode interval is used, and 
measurements are repeated along a given 
course by advancing the 4-electrode con- 
figuration by a constant increment. The 
usual practice is to move it each time a 
distance equal to the electrode interval 
by advancing the rear electrode ahead of 
the leading electrode. This procedure 


_ discloses any major changes in the forma- 


tion along the line of test within a depth 
equal to the electrode interval. It does 
not yield specific information on the 
materials present or the thickness of de- 
posits, but by its use an intelligent spot- 
ting of drill holes may be made. It gives 
also an approximate method of inter- 
polating between drill holes, also con- 
siderable assurance that abnormal con- 
ditions are not overlooked during the 
testing program. 

The method is particularly applicable 
to a study of alluvial deposits with re- 
spect to grain size, where the object is to 
outline borrow areas of coarse sands and 
gravel. It also has application to levee 
design where a knowledge of variations 


in the thickness and quality of an im- 


pervious blanket is the information de. 
sired. In all such investigations, an elec. 
trode interval, usually 15 to 50 ft., is 
selected which is approximately equal 
to the depth to which information js 
desired. With this fixed electrode interval. 
variations in the observed apparent re. 
sistivity along a traverse or over any 
desired area will usually be a measure 
of the fineness of the material; or if th 
electrode interval is comparable to the 
depth to firm rock, the variations in re- 
sistivity may indicate variations in over- 
burden depths. 

The most satisfactory results are ob- 
tained from the traversing method if 
the electrode interval is equal to or 
slightly exceeds the thickness of the 
bed under investigation. This can be 
determined by running a few prelim. 
inary depth profiles over the area. The 
Gish-Rooney type of apparatus shown 
in Fig. 9 is provided with a specia 
switch for progressively rotating elec- 
trode positions for convenient step trav- 
erse measurements. 


Costs: 


As in seismic work, the cost of explora- 
tion by the electrical resistivity method 
will depend upon a number of factors. 
A normal party consists of 1 engineer, | 
recorder, and 2 laborers. This is the 
minimum consistent with efficiency o 
operation. On very deep work, 4 laborers 
should be available for moving clec- 
trodes. In addition to the operator, wh 
reads the instruments, the party should 
include a recorder and computer as it | 
desirable to compute and plot the data 
before leaving a location. This is donet 
avoid errors and also to fill in additiona 
measurements at critical points of th 
graph. One car is usually sufficient for 
the party, and no supplies are require? 
other than for maintenance of the ap 
paratus. 

_ Such a party as described should make 
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fom 4 to 5 depth profiles per day to a__ usually 2000 to 4000 ft., will depend upon x 


depth of 100 ft. For depths of 40 to 50 
it, 12 to 15 depth profiles per day can be 
ail On traverse work, the linear dis- 
tance that can be covered per day, 
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Mr. R. Woopwarp Moore! (presented 
in wrillen form).—This paper by Mr. Shep- 
ard is of particular interest in that it 
again focuses our attention on two useful 
and practical methods of rapidly explor- 
ing the subsurface for hidden conditions 
which may aid or hinder a given con- 
struction program. The author has 
described the work of the Corps of En- 
gineers with particular regard to refrac- 
tion seismic tests and their application 
in preliniinary surveys of proposed sites 
for large flood control dams. The writer 
would like to emphasize the usefulness 
of such methods of test in connection 
with smaller, less costly structures and 
with special regard to highway con- 
struction. 

The Public Roads Administration has 
given a considerable amount of study 
since 1933 to the development of suitable 
portable apparatus and to the develop- 
ment of field procedures for the efficient 
application of these methods of test to 
highway problems. The resistivity test 
has been found to be of real value (1) in 
surveys for locating localized deposits of 
sand and gravel or of soils that would be 
of particular value for use in subgrade 
improvement or fill construction, (2) in 
the classification of excavation materials 
for use in slope design, and (3) in founda- 
tion studies for bridges. The refraction 
seismic test, on the other hand, although 
having little value in a search for sand 
and gravel or special soil types, has a 
very practical application in the classifi- 
cation of materials and in foundation 


1 Highway Engineer, Public Roads Administration, 
Washington, D. C. 


DISCUSSION 


exploration. Up to the present time t 
states have used or are now planning t! 
use of such methods of test in connectiy 
with highway construction. Active j 
terest has been shown by representatiy 
of many foreign countries as well. 

Because of the ease with which m 
may be trained to operate the res 
tivity apparatus and the rapidity wi 
which the resistivity tests can be mad 
we have found this method of explorin; 
the subsurface to have particular value 
in preliminary surveys of proposed high- 
way locations. The data from such sur- 
veys are of prime importance to prop 
slope design. Plans calling for solid ro 
slopes on a highway grading project wi 
in many instances, influence the co 
tractor to submit a relatively high b 
price for excavation regardless of wheth 
or not he believes that solid rock 
present. As a result, money has be 
expended in constructing our highwa 
that could have been saved if the soil 
weathered rock actually found in 
struction had been anticipated and t 
proper slope design had been made a pat" 
of the plans. 

The hand augers ordinarily used 
making a soils survey along a propos 
roadway are easily stopped or blocked bj 
boulders, etc., encountered below t 
ground surface, and much trouble ! 
been experienced by those concer 
with making such a survey in areas wh 
stony soil and talus debris are fou 
Where obstructions are encounter 
there can be no assurance that solid r 
ig not involved. Under such conditi 
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ne geophysical methods of test are use- 
yl since either the seismic or the re- 
‘stivity test will indicate definitely the 
resence or absence of a continuous solid 
ck formation. 

Personnel of the field survey party can 
ye readily trained to operate the re- 
istivity apparatus and will soon acquire 
the skill required to make tests to depths 
of 50 to 60 ft. at a rate of approximately 
me test every 20 min, in rough moun- 
tainous terrain. One or more miles of a 
projected right-of-way can be investi- 


1011 


emphasized, that adequate calibration 
tests over known subsurface conditions 
are necessary for the successful interpreta- 
tion of data obtained with either method 
of test. Such calibrations in the general 
locality through which a highway is 
expected to pass often result in data of 
such a definite character that they can 
be used with assurance in predicting the 
presence or absence of solid rock above 
the proposed grade line in a particular 
cut section. Typical calibration curves 
from resistivity tests, together with 
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gated in an 8-hr. day. As stated by the 
author, such rapid and relatively inex- 
pensive tests can be used to considerable 
advantage in a preliminary survey of 
subsurface conditions. The information 
% obtained may be used as a guide in 
planning any program involving the use 
{direct methods of exploration, often 
making possible the elimination of drill 
ales or test pits over extended areas and 
allowing a concentration of such direct 
“Sts In localized areas where unusual 
‘onditions are indicated by the geophys- 
ical tests, 


The author mentions, and it is again 


Electrode Spacing or Depth, ft 


Fig. 11.—Resistivity Calibration Curves (left) and Typical Field Curves Obtained in the Ozark 
National Forest Near Russellville, Ark. 


500 10 20 30 


several typical field curves, are shown in 
the accompanying Fig. 11. The calibra- 
tion curves, shown on the left, were used 
to evaluate some 118 field curves ob- 
tained over the major cuts on approxi- 
mately 22 miles of a proposed roadway 
through the Ozark Mountains in Arkan- © 
sas. The majority of field curves indi- | 
cated that no rock would be encountered. 

Only 12 working days were required 
for the survey party to obtain the field 
data for the entire 22 miles, with an 
average rate of one 60-ft. depth test 
every 20 to 30 min. Obviously where 
calibration data of the type shown are 
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obtained, there is little likelihood of 
dificulty in properly interpreting the 
field curves. Where curves of the type 
labeled earth in Fig. 11 are obtained, 
there is little need for computing a depth 
factor for a particular test. The trend of 
the curve alone will be indicative of a 
wil formation existing to the full depth of 
the test. 

As the author states, we have been 
quite successful in being able wredict 
depth of overburden to solia . With 
the cumulative or graphical integration 


Station 670/38 


to any drilling program. The refraction 
seismic test likewise would have given a 
dependable indication of the general rock 
elevation but would have been somewhat 
more expensive and time-consuming. It 
has been our practice to obtain resis- 
tivity data as the basis for the subsurface 
survey, and to use the seismic test at a 
few locations to corroborate the indica- 
tions of the faster resistivity tests. We 
use the seismic test also wherever, for 
any reason, the resistivity test has pro- 
duced inconclusive data. 
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Fic. 13.—Resistivity Curves Obtained in Ozar 
Resistivity and Soi 


ks Showing a Possible Correlation Between 
Is Classification. 


Good Soil Indicated by Curve on Left. HRB Group Index 1 and 2. 


Poor Soil Indicated by Curve on Rig 


method of analysis. The accompanying 
Fig. 12 shows three fairly typical exam- 
ples of depth determinations made in 
connection with bridge foundation stud 
is, These data, obtained during De- 
cember, 1948, at a bridge recently con- 
structed across the Flint River in 
southwest Georgia, indicate depth to 
solid rock more accurately than the direct 
methods of exploration which were used 
ina foundation study prior to the design 
of the bridge. One pier designed for a 
slid rock foundation actually had to be 
supported on piling driven to solid rock 
at an elevation some 20 ft. below the 
plan elevation for rock. Here is a striking 
trample of the value of resistivity test 

ta from preliminary explorations prior 


ht. HRB Group Index 14 and 15. 


High resistance layers do not always 
constitute a barrier to the use of the re- 
sistivity method. In fact, it is often pos- 
sible to penetrate such layers and detect 
the presence of shales or other materials 
which, although having lower electrical 
resistivity than the weathered and dis- 
turbed overburden, are nevertheless 
quite dense and require blasting for effi- 
cient removal. Such a condition was 
found in the vicinity of Harrisburg, Pa., 
where high-resistance materials overlying 
the shales are easily removed with heavy 
self-loading scrapers, while the low re- 
sistivity shales beneath must be blasted. 
The Pennsylvania Turnpike Commission 
has used resistivity methods of test for 
the past year in a subsurface survey of 


e 


some 100 miles of a proposed extension 
_ of the Turnpike to Philadelphia. 

Of particular interest to soils engineers 
is an indication that it may be possible to 
employ the resistivity test for differen- 
tiating, at least in a general way, between 
soil types. Figure 13 shows two curves 
obtained some miles apart on one of the 
Arkansas projects previously referred to, 
which suggest this possibility. The curve 
on the left indicates a material different 
from that existing at the location where 
the data on the right were obtained. 
Both curves were interpreted for earth 
excavation to grade, which in each case 
was at a depth of about 10 ft. at the 
centerline. Test pits dug several months 
later showed good soil to. grade-line at 
Station 670 + 38 and very poor soil at 
Station 737 + 00. The sustained values of 
resistivity at approximately 160,000 
ohm-cm. for the first four points in the 
curve shown on the left followed by a 
precipitant drop in resistivity suggest 
better material in the surface layer than 
that to be found at a depth of 12 to 18 
feet below the surface. The immediate 
sharp drop in resistivity shown by the 
curve on the right, however, fails to indi- 
cate a surface layer of good soil and can 
be interpreted as indicating a relatively 
poor soil extending from the surface 
down to the full depth of the test. Cali- 
bration tests over known soil types of the 
immediate area would be required for 
comparison with the curves obtained in a 
field investigation. There has been no de- 
tailed investigation of this possible rela- 
tionship between the resistivity of the 
soil and its classification; however, this is 
an important matter for further study 
because, if even general classification of 
soil materials by this means should 
prove practicable, another useful tool 
would be added to those available to the 
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Mr. M. N. Srtnacorr’—The Bureay of 
Soil Mechanics of the New York State 
Department of Public Works owns both 
a seismograph and an electrical resis. 
tivity apparatus. Both of these pieces of 
equipment are being used to good ad- 
vantage by our Senior Engineering 
Geologist, Mr. Paul H. Bird. They are 
generally used to supplement the infor. 
mation obtained from drill holes. The 
foundation correlation obtained betweer 
these two types of equipment, and the 
drill hole information, has generally been 
highly satisfactory, and because of it, we 
have been able to reduce the number of 
drill holes required to develop founda 
tion conditions. In some cases whereir 
the general conditions of the area ar 
known, the information obtained by 
either the seismic or electrical resis 
tivity method is used without the benefit 
of correlation with drill holes. 

The seismograph is generally used to 
determine the depth of overburden t 
top of rock, while the electrical resis- 
tivity apparatus has given satisfactory 
results in locating the depth to a gravel 
layer or the thickness of a gravel deposit 

In one instance, our geologist has use 
the electrical resistivity apparatus t 
determine the effective change in densit 
of a waste dump fill due to rolling on th 
surface with a heavy pneumatic tire 
roller. All other factors remaining con- 
stant, an increase in the density i 
reflected by a corresponding decrease | 
the resistance to the flow of electricity 
In this case, the change in resistance wa 
measured to a depth of from 3 to Sf 

In general, we have found that the us 
of both the seismograph and the electr 
cal resistivity apparatus has reduced th 
cost of our foundation exploration wit! 
out visible sacrifice to the quality of th 
information obtained. 


2 Associate Soils Engineer, New York Department 


Public Works, Albany, N. Y. 
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f Mr. W. G. Hortz*—We have one Mr. W. S. Houset.!—We are using the 
e seismic truck which we send out all over _yesistivity method. Our work has just 
: the West. We need more equipment, now, started in the last year, and we have no 


> since we have obtained such good results | y 
with both the seismic and electric re- "CSUIts to report at the present time. 


sstivity methods. We intend to use it in shallow work for 
ig We are also using the electric re- the location of suitable deposits of local 
re sistivity method to locate deposits of materials for use in embankment con- 
I- riprap in the Missouri Valley at the struction and projects of that nature. 
ne present time. This is another application 
a of the method. 
he a re 4 Associate Professor of Civil Engineering, University 

3 Head, Earth Materials Lab., U.S. Bureau of Reclama- of Michigan, and Research Consultant, Michigan State 
en tion, Denver, Colo. Highway Department, Ann Arbor, Mich. 
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~ STUDY ON MECHANICAL OSCILLATORS* 


By R. K. Bernaarp! 


A mechanical oscillator to excite sinusoidal one- and two-dimensional vi- 
brations has been developed which allows a continuous change of the result- 
ant force vector in frequency, magnitu le, direction, and action line while 
the oscillator is in operation. Analytical and graphical solutions are pre- 
sented. The construction of such an oscillator, including an automatic 
electro-mechanical control is described and some fields of application are 


SYNOPSIS 


discussed. 


By “Mechanical Oscillator” is meant 


a machine to produce periodically chang- 


ing forces or moments or pure sinusoidal 
characteristics. Mechanical oscillators 
may comprise one or more masses, 
rotatable around the same or parallel 
shafts. All masses are supported ec- 
centrically, thus producing centrifugal 
forces when rotating. 

One-Mass Oscillators —The resultant 
force vectors rotate. In order to excite 
unidirectional force vectors, special guides 
or epicyclic gear trains are necessary to 
eliminate any undesirable direction of 
the force vectors. 

Two-Mass Oscillators-—Both masses 
rotate in opposite direction. The re- 
sultant force vectors are unidimensional. 
Hence force vectors in one fixed direction 
only, can be produced. 

Three-Mass Oscillators.—The two outer 
masses rotate in the same direction, 
however opposite to the center mass. 
The resultant force vectors can be 
one or two dimensional. Direction 
and, in case the three masses rotate 
around parallel shafts, the action line 
of the resultant force vectors can be 
changed. Hence force vectors in any 
direction and action line are producable. 


* Presented at the Fifty-second Annual Meeting of ° 


the Society, June 27-July 1, 1949. : 
1 Professor of Engineering Mechanics, Rutgers Uni- 
versity, New Brunswick, N. J. 


Five-and More-Mass Oscillators.—Mul- 
tiple mass oscillators have essentially 
the same characteristics as three-mas: 
oscillators. 


Historical Development: 


The first machine of the two-mass 
type was suggested in a report of the 
Indian Railway Bridge Stress Com 
mittee in 1921 (1).2 Extensive tests 
with a two-mass oscillator were carried 
out by the North Eastern Railroad in 
England from 1924 to 1925 and put 
lished in the Report of the British 
Bridge Stress Committee in 1929 (2 
This development was continued i 
1927 by the German Railroads, reported 
for the first time in 1928 (3), and later 
extended into the field of soil dynamics 
by the German Society of Soil Mechar 
ics (4). As far as the author knows 
the first report on a three-mass oscillator 
was published by F. P. Ullrich in 193 
(5) in connection with earthquake re 
sistance research. An oscillator to deter- 
mine the dynamic characteristics 0 
vibrating systems in general, that 1s 0 
the structural field as well as for i 
vestigations of soils and highways, W4s 
developed in 1936 by the author (6. 
Since that time quite a number of differ: 


2 The boldface numbers in parentheses refer 
list of references appended to this paper, see P- *™ 
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ent oscillators embodying various im- 
provements have been built (7, 8).* 

An oscillator which includes features 
hitherto unpublished will be described 
in this report. 

PURPOSE 

The purpose of this mechanical oscil- 
lator is to excite: 

1. Force or moment vectors of pure 
sinusoidal characteristic. 
2. Force or moment vectors of con- 
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5. Force or moment vectors in which 
all the above changes can be 
made independently of one an- 
other without changing the posi- 
tion of the oscillator and while 
the oscillator is in operation. 

For special cases the force vectors may be 
made adjustable in such a way as to make 
the complete oscillator unit automotive. 
Finally the control of force or moment 
vectors must be automatic and remote. 


Fic. 1.—Mechanical Oscillator (U. S. Patent applied for). 


I, Il, and II; Mass Systems. 1, 2, and 3: Rotating Shafts. mu, m2, and ma: Interchangeable Weights. Eccentricity 
canals w, p, and r worm, pionion, and rack. e control knobs. Phase Control: & multiple key, / helical slot, g control 


Stant magnitude regardless of 
the frequency. 

3. Force vectors which can be changed 
continuously or periodically (a) in 
frequency, (b) in magnitude, (c) in 
direction, and (d) in action line. 

4. One-dimensional (linear) or two- 
dimensional (circular or elliptic) 


force vectors. 


Dest 
, "Designs for a three-mass and a five-mass oscillator 


teveloped by S. H. Fillion, Research Engi- 


augh Equipment Co., New York, N. Y 


To fulfill all these requirements a 
three-mass oscillator with an electro- 
mechanical servo-mechanism has been 
developed. The increase in cost for 
the servo-mechanism wil! be justified 
in all cases where the enhanced versa- 
tility of the oscillator can be used ad- 
vantageously. 


CONSTRUCTION 
Mechanical Set-up: 
Figures 1 to 4 show the developed 
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Fic. 2.—Mechanica! (¢ 


Top cover and Control motors removed. For letter symbols see Fig. 1. 


Fic. 3.—Vector Diagram of Mass System. 


m, = left mass d/2 = distances of center of rotation: uz — u; = u2 — ua 
m2 = center mass 
m3 = right mass a = angle of e: with respect to horizontal 
8 = angle of e2 with respect to horizontal 
¢1 = eccentricity of m 7 = angle of es with respect to horizontal 
e2 = eccentricity of m2 
ez = eccentricity of ms R = resultant force vector 
uw = unbalance: me: € = eccentricity of R with respect to center of rotation of me ; 
uz = unbalance: meee 
us = unbalance: maes €y = eccentricity of R measured on vertical through center of rotation of m: 


¢i = phase angle between ¢2 vertically upward and e: 
¢2 = phase angle between e¢2 vertically upward and e3 
= time angle A 
6 = phase angle of R with respect to the horizontal : Le 2 


4! = 
/ 
We | 
| - 
| 
Pie 
| e +% Gy 
€ 
Ey 
el 
+ 8 ~*~ 
ig Na 


scillator built according to the above 
specifications. 

The main reason for selecting an 
yscillator with three masses mounted 
on three parallel shafts is that any force 
in space can be resolved into a single 
force and a couple (Poinsot’s theorem). 
The single force may be produced by 


Fic. 4.—Mecl 


troller Unit. 6. Electronic Control between 1 and 5. 


the center mass, the couple by the two 
outer masses. 


Hence the experimental machine (Fig. 


1) consists essentially of three mass-: 


systems (I, II, III) rotatable around 
three parallel shafts (1, 2, 3). All three 
‘ystems rotate with the same angular 
velocity, either in the same direction or 
the two outer shafts (1 and 3) in opposite 
direction to the center shaft (2). Each 
mass-system consists of one or two 
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| Oscillator and Cor ee 
1. Mechanical Oscillator 2. Main Driving Motor. 3. Electric Control for 2. 4. Shaft Connecting 1 and 2. 5.Cam-— 
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interchangeable weights (mim) —myms — 
m3m;). The center of gravity of these 
weights with respect to the geometrical 
axis of the shafts as well as the phase 
angles of the weights m, m3, with respect 
to the weights, m2, can be altered con- 
tinuously while the oscillator is oper- 
ating. All eccentricity and phase shifts 


are completely independent of one an- 
other. The eccentricities can be varied — 
by means of worm, w, rack, 7, and 

pinion, p, drives; phase shifts can be— 
made by means of multiple keys, k, 
guided in helical slots, /. Eccentricity 
and phase control units may be replaced 
by differential gears. When rotating 
the three mass systems, any eccentricity 
of the weights will produce centrifugal 
force or moment vectors. 


| 
4 
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- Main Driving Motor: from 0 to 3600 rpm. governing 
The main driving motor of the oscil- the operating frequency of the 
oscillator. 


2. A constant speed, once the speed 


f Cc a 
eee is selected, regardless of changes 
in torque. 
| | 
| The second characteristic is necessary 
| in order to maintain a constant speed 
r within the resonance range of the vi- 
bd e 


brating system. It is in this resonance 
range that the torque requirements may 


change substantially. 
P For the main driving motor (Fig. 5), 
/ 


a 5-hp., three-phase induction motor, a, 
- Fic. 5.—Block Diagram of Main Motor Control. with electronic sp eed control b, was 


(a) Main Motor (a) Start Stop-Speed Control Chosen. Motor and control have been 
ectronic Contro e) Pilot Generator : 
(©) Saturable Reactors () Starting Switch developed and built by Crocker Wheeler 
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Fic. 6.—Capacity Chart of Mechanical Oscillators. 
- R = 0.1 Un? cos wt, 

where: 
R = centrifugal force vector in pounds, 

U = unbalance in inch pounds, 

nm = number of revolutions of weights in cycles per second, and 


wt = time angle. 


lator must have two special character- Division of Joshua Hendy Corp. Ea 
istics: phase contains one saturable reactor, 
1. Acontinuously variable speed range Changing the saturation in these " 
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actors produces the required speed 
variation from 0 to 3600 rpm. The 
| amount of saturation is controlled by a 
d-c, current, supplied from two thyratron 
tubes. A d-c. comparison voltage is 
obtained from the line via a vacuum 
tube rectifier and set manually by 
means of a small potentiometer, d. A 
- pilot generator e¢, mounted on the shaft 
€ of the main motor, and a rectifier 
produce a second d-c. voltage which is 
proportional to the speed of the main 
motor. The difference (error) between 


aligning needle bearings which permit 
the necessary length fluctuations. This 
rigid shaft prevents undesirable angular 
phase displacements in contrast to a 
flexible shaft connection. 


Capacity: 

The capacity of any mechanical oscil- 
lator is governed by the rotational 
speed of the masses and the magnitude 
of their unbalances, that is the product 
of weight times eccentricity. 

Figure 6 shows a general capacity | 


a, 12 
as ++------- 
ai 
er 
12 
(a) Control) Stand. (b) Oscillator. 
; Fic. 7.—Block Diagram of Electro-Mechanical Servo Mechanism. 
1. Input shaft 5. Voltage amplifier 
2, Output shaft 6. Servo motor formers) 
3. Cam drive motor 7. Worm gear drive 10. Error voltage 
4. Cam 8. Load (to phase or 
eccentricity shafts) 12. A-c. supply 
these two voltages must be amplified. chart of mechanical oscillators; on the 
This amplified error voltage controls Y-axis the centrifugal force vectors 
the firing of the two thyratrons and (R in Jb.), on the X-axis the frequencies 
thus the choking effect of the reactors, (m in cycles per second and in cycles per 
which in turn governs the speed of the minute) of these vectors are plotted. 
7 motor. ; Due to the log-log scales the unbalances 
pe a set speed of the main motor a (u in in-lb.) appear as straight lines; 
change In torque of + 20 per cent : 
od : the dark line enclosed area represents 
produces a speed fluctuation of less than 
+1 per cent. the capacity range of the develope 
Ea The connection between motor and oscillator. 
Or, scillator consists of a 6-ft. long tubular rhis experimental oscillator is rated 


shaft with universal joints at each end. 
The two joints are equipped with self- 


a 


9. Transducers (differential trans-— 


11. Relays (forward, reverse, stop) 


for a 2000-lb. resultant force vector at 
14 cycles per second and a maximum 
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frequency of 60 cycles per second. The 9 represent the transducer (9) of a 
total weight is approximately 250 lb. repeater system for any type of cop- 


- tinuous linear motion. ‘Three pairs of 
_ Automatic Control: pairs of 


matched transformers control the ec. 

The three eccentricity vectors (@€, @, centricity shifts and two similar pairs 

és) and the two phase angles (gig) of the phase shifts of the oscillator. Oie 

the rotating masses (Fig. 3) can be transformer of each pair, the sender. 
remotely controlled, independently and __ is on the control stand, a, the other, the 
wv while the oscillator is repeater transformer, is fixed on the 


6 
Fic. 8.—Wiring Diagram of Electro-Mechanical Servo Mechanism. 
_ 1. Input Motor (cam drive). 5. Supply transformer. 9.6SN7GT. 
2. Output Motor (servo drive). 6. Relay. 10. 110 v., A-C. supply. 
3. Transducer. 7. Differential transformers. 11. Balancing meter. 
4. Amplifier. 8. Input transformer. 12. Balancing control. 


13. Sensitivity control. 


operating, by means of five almost oscillator, b. The secondaries of each 
identical electromechanical servo-mech- transformer pair are connected elec 
anisms. These mechanisms are able  trically in such a manner that an erro! 
io follow any type of analytic function voltage 10 is produced as soon as the 
such as required for eccentricity and positions of their cores with respect 
phase control. These functions are dis- their fields do not coincide. This ert 
cussed later in detail. voltage is proportional to the relativ 

A block diagram of one of the five change in transformer core position 
control units is shown in Fig. 7. Five On the control stand the position 0 
q pairs of linear differential transformers each core is governed by five rotatable 


bad 


| | |} | 
in 

ee 


nd interchangeable cams, 4, driven by 
ne input motor, 3, at the required 
seed. Form and rotational speed of 
hese cams correspond to the required 
ate of change in eccentricity and in 
hase of the three-mass systems. On 
the oscillator each core is connected by 


, rack and pinion drive to the five output 


hafts, 2, governing eccentricity and 
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are connected in parallel, the secondaries 
in series. The error voltage of each 
pair of transformers is amplified by two 
6S N 7 GT tubes, 9, connected as a 
two-stage push-pull amplifier, 4, and 
fed into a sensitive, balanced, double- 
pole, double-throw relay, 6. Each relay 
energizes one of the five servomotors, 2, 
which rotate either forward or backward 


a. Constants: R=2=mox 6==45°%e b.Constonts: 


Variables: 


+p_moax 


Variables: 


+80|— 20° y, 7/08 
2 / 
470+ 40°+—++ - 
460\— 60° | HA 
80° \ 40.5 

+30 \ 03! fos 

ol 29734 0.1454 Lorie 025% 134 
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200° 

a 
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-30;- 240° 
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-40|~ 260° 


Fic. 9.—Resultant Force with Variable Eccentricity for 45 deg. 


phase, These shafts are driven by 
individual servomotors, 6, via a worm 
gear reduction, 7, which acts simul- 
‘aneously as damping unit. 

The wiring diagram of one of the five 
*tvo-mechanisms is represented in Fig. 
‘. For eaca transducer, 3, a core dis- 
placement of + 0,001 in. produces an 
output of approximately +8 mv. The 
primaries of each pair of transformers 


as long as the position of the two corre- 
sponding cores do not coincide. Hence 
these five output motors repeat the 
motion of the input cores, that is, pro- 
duce the required changes in magnitude, 
direction and action line of the resultant 
force or moment vector. On Fig. 4, 
the remote control units, 5, (five control 
cams and five corresponding differential 
input transformers) are visible. Also 
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shown are the electronic units, 6, with 
amplifier, balancing and __ sensivity 


control. 


From a general point of view, the 
requirements for all controls may be 
subdivided into two types, static and 
dynamic. 


45° 69° 
R=2=mox. fe ig 


55d 
35° 


Fic. 10.—Resultant Force with Variable Eccen- 
tricity for 45 deg. Vector Diagrams. 


For s/atic controls it is assumed that 
the oscillator itself is not vibrating, that 
is, supported rigidly. For dynamic con- 
trol the motion of the complete vibrating 
system, including the supports, has to 
be considered. 

The static control is governed by the 
frequency, magnitude, direction and 
action line of the centrifugal force 
vectors. For constant unbalance the 


_ magnitude of the force vector increases 
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with the square of the rotational speed 
of the eccentrically supported masses, 
This quadratic increase is an inherent 
characteristic of all mechanical og¢j 
lators with constant unbalance. 

The dynamic control requires special 
means to compensate for inertia, and 
damping effects (phase angle). The 
compensation of these effects is oj 
particular importance when working 
in or near resonance of the vibrating 
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Fic. 11.—Resultant Force Rotating throug 
Center of Oscillator. 


system, that is, the ascending or descen¢- 
ing branch of the resonance curve. 

In order to produce constant force- 
or moment vectors, regardless of t 
frequency, the three unbalances %, 
and u3, must decrease with the square 
of the frequency. This may be achievee 
by substituting the input motor (J 
Fig. 7) of the control unit by a spec 
responsive device. This device has ' 
be ‘connected to the eccentricity-contt 
in such a form that the vectors ¢, % 4M 
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decrease with the square of the 
frequency. Any centrifugal-force gov- 
ernor (Watt or Porter type) can be used 
for this purpose, since the vertical 
distance between the two rotating 
weights and their suspension point 
changes in inverse proportion with the 
square of the augular velocity of the 
weights. 

Similar controls may be applied if 
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The output of these strain gages controls 
the upper and lower envelope of the 
sinusoidal vibration within the fre- 
quency limits, including the resonance 
range. Photocell arrangements have 
been used effectively in similar cases (10). 
At resonant frequency of the vibrating 
system, excluding the specimen and 
neglecting damping, the inertia force 
becomes equal and opposite to the spring 
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Fic. 12.—Resultant Force through Centroid of Oscillator. 
(b) Vector diagram of mass system. 


8-lb. weight on Each Shaft. 


(a) Nomograph for One 17-lb. and One 


R = (5.08 a2 — 7.62) n? cos (wt), 


where: 
R = resultant force vector in pounds 
a = distance between centroid of 17 Ib. weights 
and center of rotation in inches, 
n = number of revolutions of weights in cycles 
per second, 


constant displacement amplitudes, con- 
stant stress amplitudes, or constant 
frequencies are required. Instead of the 
speed responsive device, displacement-, 
stress-, or frequency-responsive instru- 
ments have to be inserted respectively. 
For constant displacement, or constant 
force vectors, strain gages can be at- 
tached directly to the test specimen or 
to an independent calibration member. 


wt = time angle, 

¢1 — ¢2 = phase angles, 

u X 62 = unbalance in inch-pound, and 
4% 


force. Hence both forces neutralize 
each other. For this particular fre- 
quency the maximum force in the speci- 
men remains constant regardless of any 
variations in the elasticity of the speci- 
men (11). 

The static calibration diagrams (Figs. 
9 to 17) represent a few characteristic 
examples of possible force vectors which 
can be induced with the oscillator when 
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the center mass rotates in opposite 
direction to the two side masses. In 
order to make them of general applica- 
tion, dimensionless units are introduced. 
All letter symbols refer to the generalized 
vector diagram as shown in Fig. 3. 

Three assumptions are made: First, 
the weights of the three masses, m, ma, 
and m3, are equal; second, the maximum 
eccentricities, and are equal to 
unity; and third, the vibrating system, 
including oscillator and excited mass 
have to be rigid enough to transmit 
forces and moments. These assump- 
tions lead to the additional simplifica- 
tion that the unbalances, i, #, and w;, 
and the three masses, m, m2, and m3, 
drop out and only the three eccentricity 
vectors, €;—7, remain as 
dimensionless variables. 


One (LINEAR) 
Force VECTOR 


The resultant static force vector, R, 
may have the following characteristics. 
1. Constant Direction of R. The Magni- 

tude, R, and Eccentricity, €, are the 

Only Variables: 

Figures 9 and 10 indicate these condi- 

for a 45-deg. force vector (8 = 9 = 
45-deg. = constant). 

The curves in Figs. 9 (a) and (6) show 
the variations of the eccentricity vectors 
in magnitude, ¢, é, and e;, and direc- 

tion, « and y, the corresponding phase 
angles, g: and yg, and the variation of 
the magnitude of the resultant force 
~ vector, R, plotted against the eccen- 

tricity, e. 

The vector diagrams in Figs. 10 (a) to 

_(d) represent the action lines of the 
resultant, R, for four different ec- 
centricities, 

For eccentricities larger than = 

-0.291d, the resultant force vector has 
to be reduced; however, the eccentricity 

e; can be kept constant-unity. 

2. Constant Magnitude and Eccentricity 
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of R. The Direction, 0, is the Only 
Variable: 

(a) The resultant force vector, R, rotates 
through mass center of oscillator: 

Figures 11 and 12 indicate this condi- 
tion for zero eccentricity of the resultan: 
force vector, R. 

For any linear motion between 0 and 
360 deg., the required setting of the 
three eccentricity vectors, e, and ¢,, 
in magnitude and direction and _ the 
phase angles, g, and g, is shown in 
Figs. 11(a) and (6). 

The nomogram in Fig. 12 facilitates 
the determination of the magnitude of 
the resultant force vector, R (from 0 to 
1000 Ib), of the total unbalance u (from 
0 to 62 in-lb.), or of the rotational 
speed, (from 2 to 60 cycles per second), 
if two of the three values. R, u or n are 
given. In this particular case, each 
of the three rotating mass systems con- 
sists of one 17-lb. and one 8-lb. weight 
on opposite sides of their respective 
shafts, as shown in Fig. 12(6); the center 
unbalance, tm, must be twice as large 
as each of the side unbalances, u; and %. 

The equation represented in the nomo- 


gram is. 
R= (5.08 a= 7.62)n? COS 


where: 

R_ = resultant force vector in pounds, 

a@ = distance between centroid of 
17-lb. weight and center of rota- 
tion in in., 

n = number of revolutions of weights 
in cycles per second, 

u-62 = total unbalance in inch-pounds, 

= 1/2m,and 

w, = timeangle. 

(b) Resultant force vector R, not rotating 
through mass center of oscillator: 

This case is of particular importance 
for linear motions. In most practical 
applications the elastic center of the 
vibrating system does not coincide with 
the center of gravity (12) of the oscillator 
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and the resultant force vector has to be 
adjusted accordingly. 

The elastic center may be defined as a 
point through which the resultant force 
produces translatory motion only. Such 
a point exists in case of zero damping. 
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line of the resultant force vector rotates 
through a fixed point on a vertical 
through the center of rotation of me. 

The curves in Fig. 13 follow the 
variations of the three eccentricity vec- 
tors in magnitude, ¢, é, and és, direction, 
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Fic. 13.—Resultant Force Rotating Through Point Below Center of Oscillator. 


A detailed discussion of the elastic 
center, in particular for the case of 
damping, is beyond the scope of this 
teport. Figures 13 and 14 represent 
conditions similar to those shown in 
Figs. 11 and 12. However, the action 


45° 60° 


a, 8, and y, and their corresponding 
phase angles, ¢, and , as well as the 
variations of the eccentricity, ¢, of the 
resultant force vector for any linear 
motion between 0 and 90 deg. All 
curves are symmetric with respect to 
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points on verticals for the angles @ = The elliptic curve in Fig. 14(d) indicates 
6 = Oormor 2m and soon. Hence the the location of all points of intersection 
values for motions between 90 and 360 between the two force. vectors € and 
_ deg. can be determined accordingly. és. For the angle 6 = 6 & 30 deg,, the 


(a) Vector Diggrom 
Constants: R=2=max-e,= |= max-Ey= 0 377d=mox. (+4 
Variables: for 45°-€ for 0.275d-e, for 0.39-cxfor 27° 
for 0 95-y for 67° 


(b) Graphical 
Solution 


Fic. 14.—Resultant Force Rotating through Point below Center of Oscillator. Vector Diagran 
and Solution. 


+1 


+50 
R 4125 


Constants: R™%*=100 
amin . 5 
/3=+90° 


Voricbles: 


Fic. 16.—Two- Dimensional Force Vector. 
Fic. 15.—Resultant Force Rotating with Max- Rotating Ellipse. Eccentricity Control. 
imum Eccentricity. Vector Diagrams. (For phase control see Fig. 11(b).) 


Constants: R=2=max-es= =1=max 
Mariables: 


_ The diagram in Fig. 14(a) represents eccentricity vector e; becomes a maxi- 
the force vectors, R, for a 45-deg. di- mum, that is, equals unity. 

_ rection and Fig. 14(b) the corresponding 3. Constant Magnitude of R. The E- 
graphical solution. It should be kept centricity, ¢«, and the Direction, ¢ 
in mind that the vertical distance are the Only Variables: ; 

between the point of rotation of R and This condition is shown in Fig. 19. 

: the Y-axis, ¢,, must remain constant. Keeping in mind that the force vector 


\ 

hy 


has to remain constant as well as a 
maximum, the eccentricity ¢€ increases 
from 0.250 d (for a vertical force vector) 
to 0.437 d (for a horizontal force vector). 


Two-DIMENSIONAL (ELLIPTIC) 
FoRCE VECTOR 
1. Stationary Elliptic Force Vector: 


Figure 16 indicates this condition: 
a and e, for an ellipse with the major 
axis vertical; and c, for an ellipse with 
the minor axis vertical. 


RMX 
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pared with the linear force vector as 
represented in Fig. 11(a), the resultant 
force vector, R, and the three eccentricity 
vectors, and é3, have to be reduced 
in magnitude. 


_ 3. Periodic Degeneration of Circular Force 


Vectors into Straight Line Force Vectors: 


Changes of R from a vertical straight 
line via 2 vertical ellipse, into a horizontal 
straight line via a horizontal ellipse, and 
vice versa are indicated in Fig. 17, repre- 


Constants: «=8=4=+90°-¥ =0-E=0 
Variables: e2-e3- 
| | 


| 
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Elliptic 
Horizontal (H) 
Vertical(V) 


b Cc 
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Vertical 


a 
Vertical 


——+Change of Force Vector 


e f 
Horizontal Elliptic 


h a 
Elliptic Vertical 


Vertical 


Circular 
Horizontal(H) 
Vertical (V) 


Fic. 17.—Change from One-Dimensional Force Vector into Two-Dimensional Force Vector. 
Degeneration of Circular Force Vector Into Straight-Line Force Vector. 


A ratio of 2:1 is chosen for the maxi- 
mum to the minimum diameter of the 
elliptic force vector. No change in 
phase angles, y; and g», is required since 
the magnitudes of the eccentricity vec- 
lors, é, and only have to beadjusted. 


2. Rotating Elliptic Force Vector: 


Figure 16 a to e indicates this force 
vector for one complete cycle. The 
phase control remains the same as 
shown in Fig. 11(6). However, com- 


senting these conditions for one complete 
cycle. Both phase angles, g and , 
remain constant and equal to zero. 


4. Other Possible Force Vectors: 


In order to determine all one-dimen- 
sional force vectors which can be excited 
by the resultant force vector, the four 
elements which govern the characteristics 
of the force vector, that is frequency, 
magnitude, direction and action line, 
have to be kept either constant or can 


be varied, 
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The number of possible combinations 
of n elements, taken r at a time, is equal 


to the binomial coefficient ¥ Hence, 
r 


for n = 4 elements, taken from r = O 
tor = 4ata time, yields: 


=()-()+() 


Thus sixteen different cases are the- 
oretically possible. However, only a 
few examples which are of practical 
significance have been discussed more 
in detail. 

The complete oscillator unit becomes 
self propelling by adjusting the resultant 
force vector with respect to magnitude 
and direction in such a way that the 
vertical component is large enough to 
lift the oscillator unit a small amount 
from its support while the horizontal 
component exerts simultaneously a for- 
ward thrust. 

It is understood that a considerable 
number of other combinations between 
one-, two-, and three-dimensional force 
vectors can be induced. 

In order to produce sinusoidal mo- 
ments, all three centrifugal force vectors 
may rotate in the same direction, for 
example with the center vector of zero 
magnitude and one side vector 180 deg. 
out of phase. These conditions, how- 
ever, are similar to those described above. 

Finally, for three-dimensional force 
vectors the complete oscillator has to 
rotate around a vertical axis, causing 
vibrations in space, a discussion of 
which lies beyond the scope of this 
paper. 
VECTOR-RULE 


A small vector-rule (mechanical cal- 
culator) has been built which simulates 
the graphical solution (Fig. 14(6)). The 
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three eccentricity vectors, ¢, e, and ts, 
are represented by movable arms, made 
of thin transparent lucite strips and 
equipped with suitable scales to deter. 
mine the magnitude of &, and 
The angles a, 8, y, and @ are given by 
the direction of the three eccentricity 
vectors and can be read on the corre- 
sponding angular scales. To simplify 
these scales, the angles a, 8, y, and 4 
are read from the + X-axis. Finally, 
a simple string and pulley drive keeps 
the vertical through B always at the 
midpoint of 

For all scales dimensionless units 
are chosen in order to be independent 
of the physical dimensions of the oscil- 
lator. The maximum magnitude of 
the three eccentricity vectors, and 
€3, is assumed equal to unity and the 
scale of the eccentricity ¢ of the resultant 
force vector, R is expressed in fractions 
of the distance between the two outer 
shafts d, divided by the eccentricity, @. 

The vector-rule covers all values in 
the first quadrant, that is from a hori- 
zontal motion (@ = 0) to a vertical 
motion (@ = 90 deg.). The vectors in 
the three remaining quadrants can be 
determined, keeping in mind that the 
corresponding values are symmetric with 
respect to points on the ordinates for 
the angles 6 = O deg., 7, 27, etc. This 
has been demonstrated in some of the 
previous diagrams. 

Al! possible settings for the eccentrici- 
ties, €1, €2, and e3, and the angles a, 8, 7 
to obtain the desired resultant force 
vector in magnitude, R, direction, 4, 
and actionline, ¢«, or vice versa, can be 
determined in a few seconds. With 
this rather simple device an accuracy 
of + 1 per cent has been obtained. 


CONCLUSIONS 
In all cases such as described previ- 
ously or in cases of similar character, 


the resultant centrifugal force vector, 
R, remains constant, rotates, or changes 
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veriodically in frequency, magnitude, 

‘rection, or action line. 

The resultant force vector will be 
ther one- or two-dimensional if the 
entricity and phase control units 
jollow the derived curves for the ec- 
entricity vectors: @, and and 
phase angles: and These curves 
ie smooth, that is, without abrupt 
hanges, hence can be reproduced by 
imply inserting the corresponding cams 
nto the servo mechanism. 

It has to be kept in mind however, 
hat any variations of the resultant 
sotion caused by resonance or coupling 
eflects or due to changes in the dynamic 
haracteristic of the vibrating system 
have to be considered, regardless of 
vhether these effects are intentional 
r accidental. Variations in the elastic 
r damping constants of the vibrating 
ystem, for example due to the develop- 
ment of fatigue cracks in the cross- 
section of a specimen, may be the source 
of such changes. = 


APPLICATIONS 


The fields of applications for oscil- 
lators have been discussed extensively 
in technical literature. In the present 
method the pure sinusoidal form of the 
resultant force vectors makes all experi- 
ments easily reproducible. Only a few 
special cases, which characterize the 
versatility of the above described oscil- 
lator and which are not possible with 
previous machines, are mentioned. 


Drive for Vibration Tables (13): 


The change of eccentricity, that is, 
action line, of the resultant force vector 
while the machine is operating, allows: 

1. The excitation of linear motions of 
the vibration table platforms by pro- 
ducing a force vector which passes 
through the elastic center of the vibrat- 
ing system. A coincidence between this 
elastic center and the center of gravity of 
the oscillator is an exception. Further- 
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more, any mass added to the table, such 
as instruments to be calibrated, samples 
to be shaken, or soils to be vibrated, will 
change the location of the center of 
gravity of the complete system, thus, re- 
quiring readjustment of the force 
vector. 

2. The reverse of this procedure, the — 
determination of the center of gravity 
of a mass placed on the vibration table. 
In case two linear force vectors cause 
linear motions, their action lines will 
intersect in the elastic center of the 
vibrating system, and the location of 
the center of gravity may be inferred. 

3. The vibration of the table platform 
in any direction either linear or two- 
dimensional. 

4. The rotation of a linear or elliptic 
motion of the table with a predeter- 
mined period. 

5. The change from linear to elliptical, 
or circular motions, or both, in predeter- 
mined periods. 


Sbil, Highway, and Airfield Dynamics 
(14, 15, 16, 17): 


The possibility of producing force 
vectors in any direction, in particular 
horizontal forces in the plane of contact 
between oscillator and pavement or 
sub-soil surface, will facilitate the study 
of certain types of standing or propaga- 
tion waves in the pavement or the sub- 
soil. 

The effect of these waves, first with 
respect to settlement or consolidation 
of soils, and second, with respect to 
failures caused by traffic vibrations in 
highway or airfield pavements, are of 
special interest. Furthermore, periodic — 
impacts in one or more planes simultane- 
ously might be excited in order to 
produce compaction effects in soils, par- 
ticularly in soils with cohesive charac- 
teristics. 

Finally, in connection with soil stabili-- 
zation, it might be mentioned that the 
previously mentioned  self-propelling 
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characteristic of the complete oscillator 
unit is of considerable advantage. 


Structural Units and Endurance Tesling 
Machines (18 to 29): 


The induction of pure linear vibrations 
in structures, component parts, or en- 
durance-testing machines is sometimes 
rather difficult due to eccentricities not 
often avoidable. ‘These undesirable ec- 
centricities may be caused, for example, 
by clamping devices. They can be 
neutralized by selecting the resultant 
force vector of the mechanical] oscillator 
in such a form that its action line passes 
through the elastic center of the vibrating 
system or of the specimen to be tested. 


SUMMARY 


The induction of periodic vibrations 
by means of mechanical oscillators has 
been advanced to such a stage that it 
may be considered as a fairly well 
established method. This holds true 
in particular when a sinusoidal char- 
acteristic of the exciter waves, easy 
reproducibility, or both, are essential. 

The development of this method, 
however, seems by no means finished, 
and the author ventures the opinion 
that more fields of applications will be 
found in the future. 
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‘DISCUSSION 


Mr. B. J. Lazan.'—What is the order 
of magnitude of damping capacity en- 
countered in soils? To state it differently, 
what range of resonance amplification 

factor can be expected with soils used 
as a spring element? The purpose of this 
question is to help clarify the justifica- 
tion for using resonant vibrations and 
2 the gain resulting from resonant opera- 
tion in compaction and other soils vibra- 
problems. 

Mr. G. P. 
Bernhard is to be complimented on this 

very interesting new development about 
_ whic h I have the following question. He 
referred to the vibration table which he 
had designed for us at Princeton several 
years ago. When we were discussing the 
general design of the table, the question 
came up, whether a two-mass mechanical 
oscillator could qpontinuously operate 
for periods ranging between one and two 
_weeks. This was our specific requirement 
_ because we wanted to run soil consolida- 
tion tests on the table. At that time, Mr. 
Bernhard was not certain whether even 
with a two-mass oscillator there wouldn’t 
_ be breakdowns; so that he chose for the 
design of that table an electromagnetic 
oscillator described in his and Mr. 
Barry’s paper in the ASTM BUuLLetIN. 
He mentioned now that the new vi- 
_brating table at Rutgers uses this new 
three-mass oscillator. I am wondering 
whether Mr. Bernhard has overcome 
_ that difficulty in his design—I mean was 
_ the new oscillator so ruggedly built that 


! Professor and Head, Dept. of Materials Engineering, 
: Syracuse University, Syracuse, N 
2 Associate Professor of Civil Engineering, Princeton 
_ University, Princeton, N. J 


it can operate continuously, or does the 
Rutgers’ vibration table not require 
continuous operation? 

I think that this specific point would 
probably be of considerable importance 
in the application of any such three-mass 
oscillators to soil compaction machines 
in the field; because although usually 
one does not employ compaction equip- 
ment continuously for several weeks 
on 24-hr. basis—still it can be expected 
to work at least 8 hr. a day or for longer 
periods. What does Mr. Bernhard think 
about this point? 

Mr. Lazan.—We now have at Sym- 
cuse University seven oscillator-driven 
dynamic testing machines in continuous 
operation. Some tests made in thes 
machines require continuous running 
times in excess of 10,000 hr. without 
stopping. Yet we have had no failures 
in bearings or oscillator parts. Funda- 
mentally there is no reason why ost 
lator bearings should fail if properly 
designed, particularly in regard to outer 
race preload. 

The Syracuse equipment utilizes single 
mass oscillators and requires no geats, 
whereas most portable type oscillators 
have at least two masses and requlle 
gears. However, multi-mass_ oscillators 
with gears can be designed for long serv- 
ice, as service records of many existing 
oscillators indicate. 

Summarizing, I believe that mos 
cases in which bearing or gear failure 
have occurred in oscillators were dot 
to inadequate design rather than & 
ceeding fundemental limitations, 
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Discussion ON MECHANICAL OSCILLATORS 


Mr. A. W. JouNson. 3—State Highway 
De partments are interested in different 

ms of vibratory compaction equip- 
ent. Many engineers have expressed 
e feeling that they are not getting 
equate compaction of base courses 
ind that they could well use some type 
equipment, especially on 
the cleaner materials which are seem- 
ingly more in demand now than in the 
ast. 

Mr. Housel can tell, from their ex- 
erments, how vibratory compaction 
orked out in compacting granular 
aterials. 

Mr. W. S. Houset.*A—We have been 
orking for some time on a research in 
the consolidation of granular materials, 
but do not have any very extensive 
results to report at the present time. 

We are working with the commer- 
ially available vibrating plates and 
quipment. I can certainly check Mr. 
Walter Johnson on the fact that we, in 
the Soil Division, feel that the consoli- 
lation of base course materials is very 
nuch neglected and is possibly the place 
vhere we are missing out in getting the 
st jobs, particularly on rigid type 
avements. 

While our work is not advanced to the 
wint where results can be reported, we 
ave found out, for example, that some 
if the early plate vibrators did not have 
suficient weight. The vibration, in it- 
elf, was not producing the results, and 
adding very substantial amounts of 
weight to these vibrating plates im- 
proved the results very materially. 

It was found that the effective depth 
of such plate vibrators is probably 12 
or 15 in. to produce as high a degree of 
densification in the granular materials 
as desired. However, measurable effects 


were produced down to the depth of 
about ‘bout 36 i in. 


tat of Soils and Foundations, Highway Re- 
oard, National Research Council, Washington, 
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While we are talking about vibration, 
I might mention one interesting problem 
concerning vibration in granular materi- 
als that we have had recently, or as a mat- 
ter of fact, have on our hands at this time. 
In the northern part of Michigan there 
is a diesel power plant built on about 90 
ft. of sand which is in serious trouble 
due to vibration. Operation of the diesel 
plant causes vibrations that are felt 
about three blocks away. When the plant 
is operating it has been reported that 
the base of it settles at the rate of about 
an g in. per 24 hr. We have been working 
on the problem of either eliminating the 
vibration or providing for continuous 
settlement. From the information that 
we have the vibration frequency of 
saturated sand is estimated at some- 
where around 15 cycles per second, and 
the vibration frequency of this diesel 
unit is within 25 per cent of that. 

So far this is just a problem, but the 
observations are evidence that vibra- 
tions under favorable conditions can be 
transmitted considerable distances 
through a soil mass and may produce 
a significant change in granular soils. 

Mr. R. K. 
sure).—Referring to Mr. Tschebotarioftf’s 
comments, in general an electromag- 
netic drive permits higher frequencies 
but the magnitude of the induced force 
vector is limited when compared with a 
mechanical drive.® Furthermore the 
strong magnetic field of an electromag- 


netic drive might cause interference — 


when the vibration table is used to 
calibrate sensitive electric instruments. 
Finally a mechanical three-mass oscil- 
lator drive permits a continuous change 
from one-, to two-, or even three-dimen- 


BERNHARD (author’s clo- 


| 
| 


sional displacement without interrup-— 


tion of the test procedure, while with an 
electromagnetic drive such a continuous 


4 Associate Professor of Civil Easinocsings, University 
of Michigan, and Research Consultant, Michigan State 
Highway Department, Ann Arbor, Mich. 
5 See reference 13 of paper, p. 1032. 
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change would be rather difficult to ob- 
tain. 

Mr. Lazan’s statement that for long- 
time tests mechanical oscillators have 
been designed with adequate bearings 
and gear transmissions, the most im- 
portant parts for long-time experiments, 
is very much to the point. 

The experimental determination of 
soil damping, as referred to by Mr. 
Lazan, is by no means easy, mainly due 
to the nonlinearity of both the dynamic 
spring constant as well as damping con- 
stant of the soil. An attempt to over- 
come this difficulty will be started 
shortly. 

As far as Mr. Johnson’s request for 
dynamic soil compactors is concerned, 
one objective of the tests at Rutgers 
University is the development of such a 


DISCUSSION ON MECHANICAL OSCILLATORS 


machine. Dynamic soil compactors al- 
ready on the market have been tested 
and the design of a general purpose soil 
compactor is on the drafting board, 
Numerous tests at Rutgers University 
and by other investigators® have shown 
that certain natural frequencies for 
sands, including the exciter, are in the 
range of 20 cycles per second. Mr, 
Housel’s experience that a frequency of 
15 cycles per second of an exciter force 
on sand has caused serious troubles at 
large distances from this source of dis- 
turbance might be due to its closeness 

to the resonance range of the soil. 
The author wishes to express his sin- 
cerest appreciation for the valuable 
contributions of the various discussers. 


® See references 4 and 14 of paper, p. 1032. 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
ACCELERATED DURABILITY TESTING OF | 
BITUMINOUS MATERIALS 


The Symposium on Accelerated Durability Testing of Bituminous Mate- 
rials was sponsored by Committee D-4 on Road and Paving Materials 
and Committee D-8 on Bituminous Waterproofing and Roofing Materials 
and presented at the Seventeenth and Twentieth Sessions of the Fifty- 
second Annual Meeting of the American Society for Testing Materials 
held in Atlantic City, N. J., on June 30 and July 1, 1949. 

This symposium consists of thirteen papers touching on such factors 
as the effect of ultraviolet light and water, mineral stabilizers, character 
istics of carbon and light sources, the use of an abrasion test, immersion- 
compression comparison with traffic tests, and the design and application 
of a spark-gap instrument. In general all papers cover bituminous materials 
—asphalt, tar, and pitches—and their uses for both highway and roofing 
purposes. The papers presented are listed below: 


4 


A Review of Accelerated Test Methods for the Evaluation of Road Tars—E. O' 
Rhodes 

Characteristics of Carbon-Arc Light Sources for Accelerated Exposure Testing— 
W. W. Lozier, M. R. Null, and F. T. Bowditch 

Behavior of Bituminous Road Materials Under Accelerated Exposure Conditions 
and Laboratory Heat Tests—Richard H. Lewis 

Accelerated Weathering of Road Tars—E. W. McGovern 

Immersion-Compression Tests Compared with Laboratory Traffic Tests on Bi- 
tuminous Concrete —A. T. Goldbeck 

The Use of an Abrasion Test as a Measure of Durability of Bituminous Mix- 
tures—John H. Swanberg and W. L. Hindermann 

Test Methods for Performing Accelerated Durability Tests on Asphalts—T. E. 
Stanton and F. N. Hveen 

Durability Tests—A Word of Caution—G. L. Oliensis 

Accelerated Weathering of Pitches and Asphalts—W. F. Fair, Jr., H. R. Beck, 
and B. K. McKee 

Mineral Stabilizers in Asphalt Roofings—L. Kirschbraun, R. H. Cubberley, and 
F. W. Yeager 

A New Method for Evaluating Failure of Bituminous Materials Due to Weath- 
ering—J. B. Hunter, F. C. Gzemski, and L. Laskaris 

The Design and Application of a Spark-Gap Instrument for Detecting Crack 
Failures of Asphalt Coatings During Weathering Tests—A. H. Boenau and 
L. A. H. Baum 

Experience with Radiation in Accelerated Durability Tests on Bituminous Ma- 
terials—Joseph Zapata 


The papers together with discussions are issued as A.S.T.M. Special 
Technical Publication No. 94, entitled, “Symposium on Accelerated Dura- 
bility Testing of Bituminous Materials.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
INDUSTRIAL GEAR LUBRICANTS 


The Symposium on Industrial Gear Lubricants was held at a meeting 
of Technical Committee B on Lubricating Oils, of A.S.T.M. Committee 
D-2 on Petroleum Products and Lubricants, in Detroit, Mich., on June 
22, 1948. 

The information contained in the papers and discussions are to be used 
by the committee as a guide in determining which properties of industrial 
gear lubricants should be investigated for standardization of test methods, 
establishment of nomenclature and definitions, and preparation of specifica- 
tions. The following three papers were presented: 


Heavy Duty Gear Oils—E. M. Kipp, I. S. Kolarik, and C. A. Zeiler 

Gear Lubricants Used in Steel Plants—John F. Pelly . 

Gear Set Servicing by the Cathode Ray Oscilloscope-—A. R. Purdy and J. H. 
Goffe 


The papers together with discussions are issued as A.S.T.M. Special 
Technical Publication No. 88, entitled, “Symposium on Industrial Gear 
Lubricants.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
LUBRICATION OF HIGH-SPEED TURBINE GEAR EQUIPMENT 


The Symposium on Lubrication of High-Speed Turbine Gear Equipment 
was held at a Meeting of Technical Committee C on Turbine Oils, of 
A.S.T.M. Committee D-2 on Petroleum Products and Lubricants, in Wash- 
ington, D. C., on February 14, 1949. The following papers were presented: 


Introduction—F. C. Linn 

Lubrication of Naval Gearing—R. T. Simpson 

Developments in Gear Design and Their Lubrication Requirements—L. J. Col- 
lins 

Physical Concepts of the Establishment of the Lubrication Oil Wedge and Its 
Associated Load Carrying Capacity for the Mating Tooth Surfaces of High- 
Speed Gears—Ernest K. Gatcombe 

Fundamentals of Worm Gear Lubrication—A. R. Purdy 


The papers together with discussion are issued as A.S.T.M. Special 
Technical Publication No. 92, entitled, “Symposium on Lubrication of 
High-Speed Turbine Gear Equipment.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
INSULATING OILS 


This Symposium, the third of a series of Symposia on Insulating Oil, 
sponsored by Subcommittee IV on Liquid Insulation of A.S.T.M. Com- 
mittee D-9 on Electrical Insulating Materials, was presented at a Meeting 
of Committee D-9 which was held in Washington, D. C., on March 23, 
1949. 

The two previous symposia were published in ASTM But tetrns No. 

_ 146, May, 1947, pages 90 to 100 and No. 149, December, 1947, pages 58 
to 94, and are also available in separate pamphlet form. The following 
papers were presented at the Washington, D. C., Meeting: 


Introduction—E. A. Snyder and L. B. Schofield 

Performance Characteristics of the Askarels—F. M. Clark 

One System of Laboratory Testing to Appraise Serviceability of Oils in Trans- 
formers—R. G. Call 

Performance of Inhibited Transformer Oils—G. H. von Fuchs 


This third series of papers together with discussion are issued as A.S.T.M. 
Special Technical Publication No. 95, entitled, “Symposium on Insulating 
Oils.” 
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EVALUATION OF MINERAL TRANSFORMER OIL DURING SERVICE* 


\.RT I: THE CORRELATION OF OIL CHARACTERISTICS AFTER FORTY MONTHS 
OF SERVICE 


By FRANK M. 


The proper selection of mineral trans- 
‘omer oil in order to avoid excessive 
‘dation and sludge formation during 
e use of the transformer has been the 
subject of numerous investigations. 
Subcommittee IV on liquid insulation, of 
4S.T.M. Committee D-9 on Electrical 
Insulating Materials, has reported the 
results of its. investigations.2 Inde- 
pendent studies in the author’s labora- 
tory have also been presented. From 
these researches, the Society has estab- 
ished Tentative Methods of Test for 
Sludge Formation in Mineral Trans- 
former Oil (D 670-42 T).4 Although 
these test procedures are believed to 
possess merit in establishing the relative 
ludging characteristics of new mineral 
is, there still remains the problem of 
ing quality specification limits for 
the acceptance of the oil in routine 
purchasing. Furthermore, an important 
roblem which confronts all operators 
i mineral oil-filled transformers con- 
mms the proper evaluation of the condi- 
on of the oil as it becomes progressively 
ore oxidized in use. An operator must 
‘now the hazard, if any, which ac- 


*Presented at the Fifty-second Annual Meeting of 
¢ Society, June 27-July 1, 1949. 

‘Technical Consultant on Insulation and Engineer 
the Insulation Division of the General Engineering and 
sulting Laboratory, General Electric Co., Sche- 
uectady, 

+P. M. Clark and E. A. Snyder, ‘‘Testing for Sludge 
mation in Mineral Transformer Oil,” ‘Proceedings, 
mE. Testing Mats., Vol. 36, Part IT, pp. 568-591 


*F. M. Clark, “Studies in the Oxidation of Mineral 
‘ansformer Oil,” Proceedings, Am. Soc. Testing Mats., 
Part II, pp. 507-519 (1938). 

196 Book of A.S.T.M. Standards, Part III-A, p. 


4, or III-B, p. 628. 


companies the continued use of the oil. 
Excessive sludging must be prevented. 
The establishment of the A.S.T.M. 
Tentative Methods D 670‘ procedures 
referred to presents a possible means 
for the solution of these two important 
and practical problems. 

Heretofore it has been a common 
practice to evaluate the condition of 
mineral oil in transformer use from a 
study of its changing color and acidity. 
Maximum allowable acidity values have 
been variously set at 0.7 and 1.0 mg. of 
potassium hydroxide per gram of oil. 

Concomitantly with the establishment 
of the sludge testing procedures, in- 
creasing consideration has been given 
the Tentative Method of Test for 
Interfacial Tension of Oil Against Water 
by the Ring Method (D 971 - 48 T)® 
for the evaluation of the oxidation 
condition of mineral oil in transformer 
use. It has been indicated that as the 
oil is continued in use, its interfacial 
tension value falls, ultimately reaching 
a value as low as 15 or 20. Interfacial 
tension values lower than about 20 are 
taken to indicate the need for oil re- 
placement or reconditioning if excessive 
sludging is to be avoided. 

In order to evaluate the various oil 
tests and to assist in the establishment 
of suitable specification limits for the 
proper selection of new mineral trans- 
former oils, a cooperative testing pro- 
gram has been set up as one of the major 


1948 Supplement to Book of A.S.T.M. Standards, 
Part III-A, p. 200. 
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activities of the A.S.T.M. subcommittee 
on liquid insulation. The results ac- 
cumulated to date in the prosecution of 
this testing program are the subject of 
this paper. 

The laboratories which are participat- 
ing in these tests are: 


Laboratory 


American Gas & 
Service Corp. 
Atlantic Refining Co. 
Commonwealth Edison Co. 
Consolidated — Edison 
New York 
De Laval Separator Co. 
Detroit Edison Co. 


Representative 


Electric R.G. Call 
K. G. Krech 
L. B. Schofield 
of {C. T. Hatcher 
IE. R. Thomas 
Banfield 
C. H. Fellows 
General Electric Co. L. Raab 


Gulf Research and Develop- C. E. Trautman 
ment Co. 

-Hydro-Electric Power Com- {w. P. Dobson 
mission \G. B. Tebo 
Shell Oil Co., Inc. H. H. Zuidema 


H. H. Dellinger 
~Socony Vacuum Oil Co. 
\E. A. Snyder 
‘Stender Oil Co. of Calif. C. H. Lynam 
Standard Oil Co. of Ind. C. M. Loane 
Standard Oil Co. of N. J. I. E. Manning 
E. S. Ross 
‘Sun Oil Co. (Wc. Witham 


Texas Co. ‘R. J. Harrington 


Tide Water Associated Oil L. Mittelman 


_ Westinghouse Electric Corp. T. K. Sloat 
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TABLE I.—DESCRIPTION OF TRANSF 
IN TEST, SFORMERS 


Des- 

igna- Type 

tion 
A-1...| Open-breather 
A-2...| Open-breather 
A-3...| Open-breather 
K Open-breather 


Open-breather 
4...) Nitrogen-seal 
-5...| Nitrogen-seal 
6...| Nitrogen-seal 


D....| Nitrogen-seal 
E Nitrogen-seal 
F.....| Nitrogen-seal 
L.....| Nitrogen-seal 
C-7...| Water-cooled 
C-9...| Water-cooled 
G....| Water-cooled 
H. Water-cooled 
Water-cooled 
M Water-cooled 


in Table I are being used in the tests, 


Quality of 
Oil Used 
Good 
Poor 
Medium 
Reclaimed 
Good 


Good 
Poor 
Medium 
Good 
Good 
Good 
Reclaimed 
Goo 
Medium 
Reclaimed 
Reclaimed 
Reclaimed 


Reclaimed 


Location of 


Transformer 


Detroit Edison 
Detroit Edison 
Detroit Edison 
Detroit Edison 
American Gas 
Detroit Edison 
Detroit Edison 
Detroit Edison 
Commonwealth 
_ Edison 
Commonwealth 
_ Edison 
Commonwealth 
Edison 
Detroit Edison 
Detroit Edison 
Detroit Edison 
New England 
Power 
New England 
ower 
New England 
Power 
Detroit Edison 


Table II gives the properties of the oils 


used. 


METHOD oF TEST 


Oil samples are removed from the 
transformers at intervals of about one 
year during normal operation. These 


laboratories 


following procedures: 


samples are tested by the cooperating 
in accordance with the 


West Penn Power Co. O. E. Fawcett ( 
Color 
GENERAL METHOD OF STUDY Neutralization number 
In order to obtain a wide variety of by pressure oxidation, and 
operating conditions typical of American by accumulation 
practice, 18 transformers as described ~ Interfacial tension 
TABLE II.—INITIAL CHARACTERISTICS OF THE TRANSFORMER OILS STUDIED. 
New New Good | Medium Poor Reclaimed 
RES J D A-1 A-3 A-2 M K G 
E B-4 B-6 B-5 L | 
F C-7 C-9 
ASTM Sludge: 
3 days. tre 0.038 0.051 0.047 0.094 0.398 0.086 0.125 | 0.085 
0.108 | 0.156 | 0.126 | 0.29 1.19 0.274 | 0.520 | 0.300 
i iacnteahencingeeensed 0.181 0.403 | 0.232 | 0.64 2.98 0.548 | 1.294 | 0.890 
 Pressure-oxidation sludge......| 0.021 | 0.024 0.026 | 0.078 0.185 0.121 | 0.151 | 0.242 
Neutralization value. ......... | 0.008 | 0.014 | 0.016 | 0.039 | 0.76 0.115 | 0.129 | 0.045 
Interfacial tension............. | 48.2 | | 41.7 | 33.3 | 264 | 27.6 | 29.5 | 


| 
| | = 


\ a, \ ~ \ 
A.S.T.M. Sludge, per cent weight 


\ 


Fic. 1.—Neutralization Number, Color, Interfacial Tension, Pressure Oxidation, and Sludge 
Accumulation Values for Reclaimed Oil as Affected by Commercial Use in Transformer K. 
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In addition, other test data are ob- 
tained at the option of the testing 
sboratory. Test data that are being 


.ccumulated but which are not included 
the present summary are: 


Steam emulsion 
Resistivity 
Power factor 
Water content 
Dielectric strength 
In the present summary, all data 
reported are average data based on the 
total results submitted by the cooper- 
iting laboratories. Future analyses will 
include a survey of the test variations 
ind other pertinent factors for those 
tests which are found to be of practical 
itility to the purchaser and user of the 
il. 


Interpretation of Test Data: © 


In this summary, no effort is made to 

ompare the stability of the mineral 
ils as a function of the design of the 
transformer in which they are used. In 
general, the varying factors of trans- 
lormer age and operation make con- 
lusions of this type highly speculative. 
Such a study will be reserved for later 
inalysis when the test data are more 
extensive. 

This report does, however, attempt 
to elucidate the changes observed in 
the various oil properties. The obser- 
vations and conclusions drawn will be 
subject to review as further operational 
lata are accumulated. 


The Operator’s Problem: 


. The operator of a transformer desires 
information concerning the degree of 
hazard entailed in the continued use of 
the oil in his transformer. It is only 
natural to believe that such information 
can be obtained from an examination 
of the oil itself and it is on this basis 
that most operators have proceeded 
0 setting up of limitations for oil color, 


ad 
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oil acidity, and the like as criteria of 
the maximum oxidation to be permitted 
in the oil. But if one expects to find that 
an oil which is increasing most rapidly 
in color, acidity, sludging propensity, 
and in other characteristics is one which 
presents the greatest hazard in use, then 
a review of the data present in Figs. 
1 to 18 which summarize the average 
values of the tests reported by the co- 
operating laboratories will be most 
perplexing. 

To grade oils on the basis of their 
oxidation stabilities in use is frequently 
difficult since a “flattening off”? or even 
an improvement in one oil property 
value is sometimes observed while other 
oil characteristics are showing normal 
deterioration as the oxidation progresses. 
A typical example of this behavior is 
illustrated for the oil drawn from trans- 
former K. Although the neutralization 
number, color, interfacial tension, and 
pressure oxidation characteristics of this 
oil are deteriorating in the expected 
manner, the sludge accumulation values 
are showing a steadily decreasing char- 
acteristic for the 7- and 14-day tests 
(Fig. 1). Other conflicting trends in oil 
properties will be observed in the data 
submitted. It is not realistic, there- 
fore, to expect unanimity of opinion 
even in correlating test data for the 
limited number of transformers under 
consideration. 

In the following tabulations are listed 
the transformers which have been show- 
ing the greatest oil deterioration rate 
during operation to date. The smaller 
the rating number, the greater the oil 
deterioration observed: 


the 
Rating | Rating | Ratin 
No.1 | No. 2 
Neutralization number........ C9 
14-day sludge E D 
Pressure oxidation............ G A-2 
Interfacial tension............ A-2 M 


‘| 
| 


a 
$3 + 
= 
a 

! 4 

| | 
fe) | 
0 2 3 4 5 6 7 8 


Years of Operation 


Transformer H. 


Fic. 5.—The Color of Reclaimed Mineral Transformer Oil as Affected by Operation in Water-Coow: 


LIN 


| 


A-2 (Poor) 


/ Right Scale 


Neutralization Number 


(Reclaimed) 


+ A-3 (Medium) 


5 10 15 20 25 £30 35 40 45 
Months of Operation 
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drawn until more extensive operating © 


In the foregoing tabulation, the ab- 
solute value of the oil property is given 
but little weight, emphasis being placed 
on the rate of oil deterioration as in- 
dicated by the change in the property 
inspected. For example, oil in trans- 
former A-2 has a high color but the 
change in color from the initial value 
has been negligible. On a color basis, 
the oil in transformer A-2 is considered 
to be more stable than the oil in trans- 
former J which has shown a marked 
color increase during the transformer 
operation. As the test program pro- 
gresses, it will be possible to apply the 
maximum permissible (limiting) oil- 
property values as is more customarily 
done in American transformer main- 
tenance. 

The lack of agreement in the “rating” 
of the transformer oils in the preceding 
tabulation is worthy of further analysis. 


OBSERVATIONS BASED ON THE 
Om Test REPORTED 


Although final conclusions cannot be 


experience is secured, general observa- 
tions concerning the trends and the 
relationships of the various oil properties 
which have been recorded up to this 
time will be of interest. 


Oil Color: 


The oil color values reported have — 


been summarized in Figs. 2 to 5. In 
studying these data, it will be recalled 
that three grades of quality are repre- 
sented by the oils used: a good quality 
considered suitable for transformer use, 
a poor quality not suitable for trans- 
former use, and a medium quality which 
is generally believed to be suitable for 
transformer use but the use of which 
might well be questioned. 
some reclaimed oils are included. 
It will be observed that: 
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1. In open-breather transformers (Fig. _ 


TRANSFORMER OIL 


_ 2), the color stability appears un. 

7 ‘telated to the expected quality rat- 
‘ing of the oil (good, poor, or 
medium). A darker initial oil color 
is not reflected in oil (color) in 
stability. 

2. Rapid deterioration in oil color has 
taken place in transformer J, a re- 
conditioned transformer, which wil] 

offer an opportunity for later test 
correlation. 

3. The oils in the water-cooled trans- 
formers darken more rapidly than 
do the same oils in the open- 
breather transformers. 

4. Oil color changes in the nitrogen- 
seal transformers are negligible. 


Neutralization Number: 


The neutralization values reported for 
the various oils are summarized in Figs. 
6 to 9. It will be observed that: 

1. All oils show increase in neutraliza- 
tion number during operation in 
open-breather transformers (Fig. 6). 
This contrasts with the color sta- 
bility reported in Fig. 2. 

2. In both the open-breather trans- 
formers (Fig. 6) and the water- 
cooled transformers (Fig. 7), the in- 
crease in the neutralization number 
of the oil is in almost linear relation 
to the duration of transformer oper- 
ation, although wide differences in 
the rate of change are observed. 

3. None of the oils have shown severe 


changes in the neutralization num- 
ber during operation in the nitro- 


gen-seal transformers (Fig. 9). 
4. The neutralization number of the 
in the water-cooled trans 


oils > 
_ formers increases ata faster rate than 
In addition, 


do the corresponding oils in the open 
breather transformers (Figs. 6 and 
7). This agrees with the color 
changes already noted. 


Slu 
giv 
sta! 
Deer 
acy 
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Sludge Accumulation: 


The sludge accumulation data have 
given anomalous behavior. In many in- 
stances, a decrease in the sludge accumu- 
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values will behave similarly as the trans- 
former operation is continued. The 14- 
day accumulation test results are sum- 
marized in Figs. 10,11,and12. Because 
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6. 13.—The Pressure Oxidation Sludge Value for Mineral Oils as Affected by Operation in Open- 
Breather and Water-Cooled Transformers 


of the erratic nature of the test results, 
it is difficult to analyze their significance. 
It is of interest to observe, however, that: 
1. The two types of acceptable quality 
oils behave differently. “Good” 


ition value has been observed durin g the 
peration of the transformer. ‘This has 
“en true especially with the 14-day 
cumulation results, but there are in- 
lications that the 3-day and the 7-day 
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quality oil is stable in all three types 
of transformers tested (A-1, C-7, and 
B-4). 

The acceptable quality oil desig- 
nated as “new” shows an increasing 
sludge value in the open-breather 
(J) and the nitrogen-seal transfor- 
mers (D, E and F). This oil was 
not tested in the water-cooled type 
of transformer. 

This contrasting behavior of the 
two types of oil warrants further 
study. 


. The medium quality, the poor qual- 


ity, and the reclaimed oils show 
stable or decreasing sludge values in 
all three types of transformers with 
the exception of reclaimed oil H. 
A high initial sludge accumulation 
value is not a criterion of rapid de- 
terioration in the sludge accumula- 
tion characteristic during transfor- 
mer operation. 


The value of the sludge accumulation 


characteristic of an oil as a gage of oil 
(oxidation) condition during transformer 
use is doubtful in the light of normal 
service experience. 
clusion must be postponed until the ex- 
amination of the transformer windings is 
made. 


However, final con- 


Pressure (Sludge) Values: 
The pressure oxidation (sludge) values 


_ show none of the erratic features of the 
sludge accumulation test, with the ex- 
- ception of a single test point in the data 
for the reclaimed oil in the water-cooled 
transformer H (Fig. 14). 
expected on the basis of experience, a 
stable or slowly rising sludge value is ob- 
_ served in the pressure oxidation charac- 
teristic of the various oils. 
illustrated in Figs. 13, 14, and 15. 


these data it will be observed that: 


1. 


The oils designated as “good” and 
“new,” which on the basis of exper- 
ience should be of acceptable 


ASTM. 14Day, per cent sludge 


quality, are showing little, if any, 
deterioration to date in any of the 
three types of transformers. The 
medium quality oil is also showing a 
stable characteristic. 

2. The reclaimed oils in open-breather 
transformer K and in nitrogen-sea| 
transformer L (Figs. 13 and 15) are 
stable. In the water-cooled trans. 
formers G, H, and I, the reclaimed 
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Fic. 19.—Showing the Lack of Correlation in 


the Change in Color and 14-day Sludge Accu- 
mulation Sludge Values which have been Pro- 
duced in Mineral Oil as the Result of Commercial 
Transformer Operation. 


In general, as" 


The data are 
From 


oil is showing an increased pressure 
oxidation sludge value (Figs. 13 and 
14). 

. The “poor” grade oil in the opet- 
breather transformer A-2 (Fig. 15) 
and nitrogen-seal transformer B-5s 
showing deterioration. 


Interfacial Tension Value: 


In general, the analysis of the sater 


facial tension test data leads to observa 
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6. 20.—Showing the Lack of Correlation in the Change in Neutralization and the 14-day Sludge 
_ Accumulation Values which have been Produced as the Result of Commercial 
7 Transformer Operation. 
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_ Fic. 21.—Showing the Lack of Correlation in the Change in Pressure Oxidation (Sludge) and the 
14-day Sludge Accumulation Values which have been Produced in Mineral Oil as the 

Result of Commercial Transformer Operation. 


tions which are consistent with perform- 
ance expectations based on experience 
and provides a basis for further experi- 
mental studies. The results obtained to 
z= are illustrated in Figs. 16, 17, 
and 18. 
that: 

1. The good, new, medium, and poor 
oils are deteriorating in the expected 
order in the various types of trans- 
formers tested. Comparison data 
relating the period of operation 
necessary to reduce the interfacial 
tension value to 22 are summarized 
as follows: 


It will be observed from the 


Type of Transformer 


Oil Used 
Open Water- 
Breather Cooled 
Good quality.............. 45 months | 21% months 
Medium quality........... 36 months ‘20 months 
Poor quality............ 7% months ee 


2. The oils in the nitrogen-seal trans- 
formers are showing greater sta- 


bility, and none have reached the 
: interfacial tension value. The 


quality performance comparison 


interfacial tension values after 42 
months of operation (Fig. 18): 
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Fic. 22.—Showing the Contrasting Relatiot- 
ships which have been Established Betweet 
Pressure Oxidation Sludge Value and the 14-day 
Sludge Accumulation Characteristic for 
Quality Oils During Commercial Transformet 
Operation. 
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3. The reclaimed oils are showing the other oil properties. This is illustrated . 


expected interfacial tension charac- in Figs. 19, 20, and 21 in which the at- 
teristic. a . tempt is made to correlate the 14-day 
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Fic, 23.—Correlation of the Oil Color and Neutralization Number which are Produced by ; 
Commercial Transformer Operation. 


THE CoRRELATION OF Om TESTS sludge accumulation with color, neu- 
The sludge accumulation test results tralization value, and pressure oxidation, 
show little if any correlation with the respectively. The fact that in some in- 
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stances an improvement in the sludge 
accumulation property of an oil is ob- 
served during transformer operation in 
contrast to a stable or deteriorating 
change in the other oil properties, leads 
tentatively to the conclusion that the 
sludge accumulation test cannot be used 


3 x = Good Quality Oil 
%028 | @ = Medium Quality Oil 
= Poor Qudlity Oil 

0 = Reclaimed Oil 
0.24 Reclaimed Oil in 
Transformers G,H 
and I. 
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Fic. 24.—The Change in the Relation of Oi 
Color and Pressure Oxidation (Sludge) Values 
which are Produced by Commercial Trans- 
former Operation. 


as a gage of the chemical condition of 
mineral oil during transformer use. 

Figure 22 illustrates the difficulty 
which has attended attempts to correlate 
the sludge accumulation results with the 
results of the pressure oxidation test. In 
the transformers illustrated, only good 
and acceptable oil has been used, yet the 
contrasting relationship of the two sludge 
tests is pronounced. 
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The study of the sludge accumulation 
test will be continued. 


Oil Color Relation: 


The relation of oil color change to the 
change in neutralization, pressure oxida- 
tion, and interfacial tension is illustrated 
in Figs. 23, 24, and 25, respectively, 
In all of the correlations there is a pat- 
tern. The oil color appears to increase 
linearly with increase in the neutraliza- 
tion and pressure oxidation values, but 
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Fic. 25.—The Change in the Relation of The 
Oil Color and the Interfacial Tension Value of 
Mineral Oil which is Produced as the Result of 
Commercial Operation in Transformers. 


the exceptions to this relationship are 
striking and must be further studied. 
The color-neutralization number relation 
has no apparent value when the poor 
quality oils are considered (Fig. 23). On 
the other hand, when the relation of color 
to the pressure oxidation value is con- 
sidered, the behavior of the reclaimed oils 
G, H, and Lis abnormal. These are in- 
dicated by the letter NV in Fig. 24. In 
both Figs. 23 and 24, there is shown to be 
a group of oils, different in each cast, 
which, if the oil color were used as a ctl 
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Fic. 26.—The Correlation of the Change in the Pressure Oxidation (Sludge) and the Neutralization 
Values of an Oil which is Produced as the Result of Commercial Transformer Operation. 
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terion of oil condition in transformer use, 
would be considered as in satisfactory 
condition, whereas their actual neutrual- 
ization and pressure oxidation values 
would place them in a more seriously 
deteriorated category. 

Figure 25 correlates oil color and the 
interfacial tension value. Here again, 
there is a pattern which indicates that a 
rapid drop in the interfacial tension value 
is to be expected with no substantial in- 
crease in color during the early stages of 
transformer use. At an interfacial ten- 
sion value of about 25, however, the oil 
color increases rapi'ly with only small 
changes in the interfacial tension value. 
Since in the critical range of increasing 
color (above 2) and decreasing interfacial 
tension values (below 25), small changes 
in the interfacial tension values are of 
major significance, the spotty relation- 
ship of Fig. 25 must not be overlooked. 
For example, the “poor” oils illustrated 
have an oil color of 43. From the rela- 
tion shown, the expected interfacial ten- 
sion value would be 22, which on the 
basis of reported experience would indi- 
cate that the oil isstill usable. Actually, 
the interfacial values reported were as 
low as 15. Such an oil would be con- 
sidered as dangerous for continued trans- 
former use. Were oil color the sole gage 
of the usability of these oils, erroneous 
conclusions might be drawn. It can only 
be concluded from the data reported to 
date, that the use of oil color as a gage of 
the chemical condition of oil in trans- 
former use is promising, but further data 
are needed before reliance is placed on 
this oil property as protection against 
continuing a chemically hazardous oil in 
commercial use. 


The Neutralization Number: 


It has been generally recognized that 
the increasing neutralization number of 
an oil cannot be used as a gage of its sludg- 
ing propensity. The rapidly increasing 
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neutralization number characteristic of 
the oxidation of a highly refined non. 
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Fic. 27.—The Correlation of the Neutraliza- 
tion and the Interfacial Tension Values Ob- 
served in Mineral Oil During Commercial 
Transformer Operation. 


sludging mineral oil is illustrative. 
Therefore, it is not surprising that there 
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are two contrasting relations which have 
heen established in the reported data for 
the neutralization and the pressure oxi- 
ation sludge values. These are illus- 
trated in Fig. 26. If the “poor” quality 
ils are considered, one relation is estab- 
‘shed between the neutralization number 
snd the pressure oxidation. If the re- 
jaimed oils are considered, another rela- 
tion is established. In the former case, 
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Fic. 28.—The Correlation of the Pressure 
Oxidation (Sludge) and Interfacial Tension Val- 
ues which have been Observed in Mineral Oil 
During Transformer Operation. 


the neutralization number increases 
rapidly with no substantial change in the 
sludge value. In the latter instance, the 
sludge value increases rapidly with no 
substantial change in the neutralization 
number of the oil. Further test data and 
tinal study of the sludge accumulated on 
the core and windings of the transformers 
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should give important information in 
these contrasting relationships. 

The neutralization and the interfacial 
tension values are in good relationship © 
(Fig. 27). Interfacial tension changes 
from the initially high value down to 
about 25 are accompanied by only minor 
changes in the neutralization number. 
Below about 25, minor changes in the 
interfacial tension value are accompanied 
by major changes in the neutralization _ 
number. Since general experience in- 
dicates that the hazard of continued 
transformer oil operation increases as the 
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Fic. 29.—Showing the Contrasting Relation- 
ships Between Pressure Oxidation Sludge Value 

and the Interfacial Tension for Good Quality Oils - 
During Commercial Transformer Operation. 


neutralization number approaches 0,7 or 
1.0, the correspondingly small changes in 
the interfacial tension value and the diffi- 
culty inherent in the exact reproduction 
of any oil test property must be kept in 
mind if serious consideration is given to 
the use of the interfacial tension test as a 
protection against the continued trans- 
former use of an oil in hazardous chemi- 
cal condition. 


The Pressure Oxidation Value: - 

The relation of the pressure oxidation © 
to the color and neutralization values has 
already been discussed (Figs. 24 and 26). 
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Figure 28 relates the pressure oxidation 
and the interfacial tension test values. 
It will be observed that again there is a 
pattern but, again, the reliability of the 
relationship is obscured by the vagaries 
of the test data. As for the other rela- 
tionships already observed, a drop in the 
interfacial tension from the initially high 
value to about 25 is not accompanied by 
any significant change in the pressure 
oxidation sludge. Below 25, however, 
minor changes in the interfacial tension 
value are accompanied by a marked in- 
crease in the sludging propensity of the 
oil as gaged by the pressure oxidation 
test. Further data are needed in order 
to explain the cause of the scattering of 
the test points. 


The Interfacial Tension Test Values: 


The relation of the interfacial tension 
test to the oil properties of color (Fig. 
25), neutralization (Fig. 27), and pressure 
oxidation (Fig. 28) has already been dis- 
cussed. In general, a good pattern of 
relationship has been established in each 
case. This relationship indicates that a 
_ change in the interfacial tension from the 
initial value to about 25 is without prac- 
tical significance but minor changes 
below 25 are accompanied by major 
changes in the other oil properties. Fur- 
ther test data are needed before the inter- 
facial tension test can be accepted as a re- 
liable gage of the chemical condition of an 
oil in transformer use. This is illus- 
trated in Fig. 29, which correlates the in- 
 terfacial tension and the pressure oxida- 
tion sludge values for the acceptably 
good quality oil in the open-breather and 
nitrogen-seal transformers. As _ illus- 
trated, an interfacial tension value of 25 
would indicate (1) a satisfactory condi- 
— tion of the oil in the open-breather trans- 
former A-1, (2) a “runaway” condition 
_ of the sludging propensity of the oil in the 
nitrogen-seal transformers D, E, F, and 

B-4, and (3) a still more hazardous condi- 
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tion of the oil in transformer J on the 
basis of the pressure oxidation-sludge 
relationship. It is hoped that the fy. 
ther accumulation of oil test data and the 
final examination of the core and gojjs 
of the test transformers will clarify the 
relationships such as are illustrated jn 


Fig. 29. 
RECAPITULATION 


The Significance of the Oil Tests: 


In transformer operation when oxida. 
tion is possible, common experience in. 
dicates that the oil will darken in color, 
increase in neutralization value, increase 
in sludging tendency, and decrease in in- 
terfacial tension value. In transformers 
where oxidation is reduced or impossible 
because of the absence of oxygen, such as 
in the nitrogen-seal transformers, these 
changes in oil color, neutralization, sludg- 
ing propensity, and interfacial tension 
are likewise reduced or eliminated. Ex- 
perience, however, does not indicate that 
the oil under either of these conditions of 
use will be characterized by a contin- 
uously improving resistance to oxidation 
and sludge formation. Since the sludge 
accumulation test gives frequent evi- 
dence of such an improved sludge resis- 
tance during the transformer operation 
as already described, further considera- 
tion of this test as a gage of thechemical 
condition of the oil in service is postponed 
until more data have been accumulated 
and the final condition of the transformer 
core and coil has been determined. 

Since excessive sludge formation is the 
basic problem which confronts the opera- 
tor of oil-filled transformers and is the oil 
problem on which the hazard to con- 
tinued and uninterrupted transformer 
operation is predicated, an oil test— 
whatever nature it may be—must ulti 
mately be associated with the sludge 
actually deposited in the transformer. 
A successful oil test must necessarily be 
the one which will tell the operator in 4 
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imple and reliable manner the degree of 
i] sludge hazard which confronts him 
should he continue his oil-filled trans- 
former in service. From this stand- 
point, none of the oil tests considered ap- 
pears to be free from serious criticism. 
The tests which appear to be most 
yomising at present are the tests for the 
pressure oxidation sludge and the inter- 
facial tension values. Each is subject to 
criticism in our present state of knowl- 
edge. The pressure oxidation test is said 
to be operated under conditions of oxida- 
tion which are too extreme. Yet it 


TABLE III.—EVALUATION OF OIL BEHAVIOR. 
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accumulation, a real contribution toward _ 
the solution of the operator’s oil and 
transformer maintenance problem will 
have been made. . 
In Table III there is summarized the © 
changes in the various oil properties 
which occurred during transformer 
operation to date. Many of the changes 
observed in one oil property are conflict- — 
ing with the changes simultaneously 
occurring in one or more of the other oil 
properties. In formulating this table, — 
the criterion for oil classification has been | 
the tendency of the oil to change in the 


Neutralization | Sludge Accum- Pressure Interfacial 
Transformer and Oil Quality Color alue ulation Oxidation Tension 

stable stable® stable stable poor? 

Ad stable rises falls rises poor? 
stable rises falls stable poor? , 
stable stable stable stable stable® 

B-5 (poor) . stable falls stable rises poor? 
stable stable® stable . stable good? 
rises rises stable stable poor? ‘ 
rises rises falls stable poor” 

D (new)... stable stable rises stable good? 

f stable stable rises stable* good 
stable rises falls rises good? 
rises rises rises rises poor? 

I (reclaimed)... ................ stable rises falls stable® poor? 

rises stable® rises rises stable 

stable rises falls stable poor 
stable stable falls stable goods 
rises rises stable | stable poo: 
‘Indicates only a slow increase. 
Final value less than 25. 
‘Final value 30 or higher. 


F operation of the type of oil generally All tests indicate that the following 
" used in American practice. If further oils, operating in nitrogen-seal transform- 
‘ work demonstrates that either the inter- ers, are chemically stable: 

: facial tension test or the pressure oxida- a B-4 (good quality) 

A tion sludge value can be definitely cor- B-6 (medium quality) 

‘ related with the chemical condition of D = (new) 

. the oil during transformer_use as viewed F (new) 


Final value 25 to 30. 


shows none of the anomalies characteris- 
tic of the milder sludge accumulation 
test. The interfacial tension test is said 
to be more directly related to the soluble 
oxidation products of the oil than to its 
tendency to form sludge. Yet it offers 
promise of use as a gage of the sludging 
tendency as affected by the transformer 


ftom the hazard of sludge formation and 


property stated. This has been used in 
a qualitative sense only, and no con- 
sideration has been given to the initial 
quality in the oil property used. The 
hazard of this is recognized. A review 

of Table III shows that on the basis of 
resistance to change, the various oil tests 
would classify the oils as follows: 


L_ ss (reclaimed) 
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All tests agree that the following oil 


= in a water-cooled transformer 
showing chemical instability: 


H_ (reclaimed oil) 


The remaining 12 oils are classified 
variously, by the different tests as fol- 
lows: 
_ On the basis of all practical experience, 
the oil characterized as of poor quality 
pot be expected to be so classified on 
any test property taken during the trans- 
former operation. This oil is used in 
two transformers, A-2 (open-breather) 
and B-5 (nitrogen-seal). The oil shows 
the expected instability in both types of 
transformers on the basis of the neutraliz- 
ation, pressure oxidation, and interfacial 
tension tests. The color test indicates 
stability. 

On the other hand, those oils which 
have been classified as of “good” quality 
or “new” quality on the basis of oil re- 
_ fining and transformer experience would 

be expected to show substantial stability 
during transformer operation for a period 
as short as 42 months. Such oils are 
those in transformers A-1, C-7, E, and J. 
Of these oils, all are classified with the ex- 
_ pected stability on the basis of the pres- 
_ sure oxidation test with the exception of 
J. The color and neutralization tests, 
however, agree on the classification of 
only oils A-1 and E as showing the ex- 
- pected stability, and on the basis of the 
interfacial tension test, only the oil in 
transformer J is classed as showing chem- 
ical stability. Despite the more favor- 
_ able agreement of the pressure oxidation 
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test results with commercial experience 
with regard to oil quality performance 
and the less favorable agreement of the 
interfacial tension test, final conclusions 
concerning the merit or lack of merit of 
any of the oil tests as a gage of oil per- 
formance in actual transformer use, must 
be held in abeyance until further data are 
accumulated and until the results finally 
are correlated with the sludge actually 
accumulated in the transformer which 
constitutes the hazard toward the elim. 
ination of which all oil tests are directed, 


GENERAL SUMMARY 


The chemical instability of an oil of 
acknowledged inferior initial quality can 
be detected by most of the oil tests nor- 
mally used in the acceptance and control 
of American mineral transformer oil. 
With oil of good and accepted quality, 
no one test can be accepted at present as 
a proper protective gage for the evalua- 
tion of the sludging hazard which is pre- 
sented by the continued transformer use 
of a highly oxidized oil. The pressure 
oxidation test shows promise. The in- 
terfacial tension test has its advocates. 
Until more extensive operational oil test 
data are secured, however, and until such 
data are carefully correlated with the 
sludge actually accumulated within the 
transformer as the result of such opera- 
tion, final conclusions concerning the 
merits of the various oil tests must be 
held in abeyance. 

The continued work of the Subcom- 
mittee IV of A.S.T.M. Committee D-9, 
includes the accumulation of these im- 
portant test data. 
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SIZE AND BORDER CONDITIONS OF TEST SPECIMEN IN THEIR 


RELATION TO RESULTS OF FIRE TESTS* 
By S. H. IncsBerc! 


Fire tests are designed to indicate the safety or protection given by building 
constructions when exposed to fire. This may be limited by failure under load 
or collapse from excessive lateral deflection, or by ignition of materials against 
the side not exposed to fire from high temperatures or passage of hot gases or 
flame through a construction such as a fire or party wall. 

It is essential that fire tests be made in general with specimens representative 
in size of panels or units of construction applied in buildings. Lateral deflection 
of walls exposed to fire on one side varies approximately with the square of the 
height between supports and inversely with the thickness. The time required 
under the conditions of the fire test to attain a given temperature rise on the _ 


SYNOPSIS 


side not exposed to fire or within the construction is dependent on the 1.7 power 
of the respective thicknesses or distances from the fire-exposed surface. 
Expansion of the heated construction induces high stresses that may cause 
general or local failure, and hence the specimen should be tested under condi- 
tions representative in this respect of those present for such constructions 
when exposed to fire in buildings. The lateral dimensions of the specimen 
need be such that temperatures over a representative portion of it will not be 


V2 


appreciably affected by cooling effects from the borders. 
A Limited extension and interpolation can be made of results of fire tests by 
applying established relations such as that between thickness, or other appli- — 


cable dimension of the cross-section, and fire-resistance period. 


The size of test constructions required 
’ in the accomplishment of fire tests is 
" within the usual range of size for com- 


parable building members. Thus, the 


. height of column, wall and_ partition 
9 specimens is based on the distance 
. between floors, and the width or length 
of wall, partition and floor specimens, 
on the spacing of columns, beams, and 
other supporting members. Present 
standard methods for conduct of fire 


* Presented at the Fifty-second Annual Meeting of 
the Society, June 27-July 1, 1949. 

. ‘Principal Engineer, Fire Resistance (Retired), Na- 
Honal Bureau of Standards, Washington, D. C. 

*AST.M. Standard Methods of Fire Tests of Bui!d- 
ng Construction and Materials ‘E 119 - 47,, 1947 Sup- 
plement to the Book of A.S.T.M. Standards Part II, p. 191. 


tests’ require hot less than 9 ft. for 
height of column specimens and height 
and width of wall and partition speci- 
mens, with the further requirement for 
these latter that the area be not less 
than 100 sq. ft. For floor and ceiling 
specimens the minimum area exposed to 
fire is set at 180 sq. ft. with no lateral 
dimension less than 12 ft. A provision is 
made for tests with smaller specimens 
only where the conditions of use limit 
the construction to lower dimensions 
than those otherwise required. 

It is thus seen that the fire test of | 
building constructions is of the full- 
scale type, although the required speci- 
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men sizes are not necessarily up to the 
larger or maximum sizes of units entering 
into building construction. From the 
standpoint of achieving representative 
results there are advantages in this type 
of test, the import of some of which will 
be outlined as based on specific per- 
formance characteristics in fires and 
fire tests. Others can be taken as common 
for this general type of test, such as the 
likelihood that the results will reflect 
the effect of incidental variations in 


* and Jax 


eee of expansion 

T,- T,= Temperature difference of wall surfaces 

Hence R= aT) 

sin 8-5 (very nearly ) 


(Te-T.) a 
BR” Bt 
vt 


f =R(|-cos 4) 
t 
(2) 


R 


Fic. 1.—Deviation of Deflection Formulas. 


quality of material and workmanship 
better than with a smaller specimen. 
Also, particularly in a new experimental 
field, conditions not readily anticipated 
-may have a bearing on results, indicat- 
ing the general advantage of specimens 
_ representative in size as well as on other 
details. 
The full-scale test involves a relatively 
- large cost for equipment, testing, and 
test specimens, that has severely re- 


stricted the volume of data that has 


SOME 


become available from results of fire 
tests. Inquiry might accordingly be made 
on the feasibility of supplementing the 
results from the full-scale tests with, 
those from tests of smaller specimens, 
Information on the effect of size op 
performance in fire tests may accord. 
ingly give indications on the extent to 
which this might be realized. 

The safety or protection given by 
building constructions in fires and fire 
tests may be limited by failure under 
load or collapse from excessive de. 
flection, a temperature rise on the side 
not exposed to fire that may ignite 
combustible material in contact there- 
with, or ignition of such materials by 
passage of flame or hot gases through 
cracks or openings resulting from the 
fire exposure. The individual effects of 
the fire exposure may combine in 
causing failure. Thus, deflection and 
reduction in strength of materials from 
temperature difference or increase may 
result in failure under load, and de- 
flection combined with stresses induced 
by restraint may cause dislodgement or 
crushing of parts of the construction 
with attendant occurrence of cracks and 
openings. In the present paper the in 
dividual effects of the fire exposure will 
be segregated as far as possible in the 
consideration of the effect thereon of size 
and border conditions of the test 
specimen. 


EFFECTS OF DIMENSIONS AND 
BOUNDARY CONDITIONS ON PERFORM 
ANCE UNDER FIRE EXPOSURE 


Lateral Deflection of Walls and Partitions: 


A building wall or partition serves the 
purpose of restricting the spread o 
fire when exposed on only one side 
The consequent temperature difference 
between its faces induces lateral de 
flection, the extent of which is dependent 
also on its dimensions and the expansion 
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properties of the material. In Fig. 1 
(upper) a slab supported on two op- 
nsite edges is shown that is assumed 
under a temperature difference between 
‘ts two faces of 72-7). Based on the 
small section (right) in Fig. 1, the 
radius of curvature, R, of the deflected 
Jab is obtained in terms of slab thick- 
ness, coefficient of expansion, and tem- 
yrature difference. Being that R is 
large in comparison with the height and 


THE TWO SIDES 


CENTER DEFLECTION IN INCHES PER OC! UNIT EXTENSION DIFFERENCE BETWEEN 


024 6 8 10 (l2 14 16 16 20 22 2 2 28 30 
UNSUPPORTED HEIGHT, FT 


Fic. 2.—Deflection of Slabs Freely Supported 


on Two Opposite Edges. 


thickness of the slab, a simple expression 
is obtained for the deflection 


Ch?(T2 Ti) 
8t 


which gives it directly in terms of the 
slab dimensions. Similarly, for a slab 
free at vertical and top edges, Fig. 1 
(lower), the deflection at the top is 
expressed by, 


Very little approximation is involved 
in Eqs. 1 and 2 compared with more 
nearly precise expressions, one for Eq. 


V1 —sin? 


t 

In Fig. 2 an evaluation for deflections 
according to Eq. 1 is given for a differ- 
ence in unit extension between the two 
faces of 0.001, which for coefficient Ps 
expansion of 0.00001 per deg. Cent., 
100 C. This applies accordingly for the 
center deflection of walls and slabs freely 
otherwise not restrained. For the condi- 
tion of restraint at one edge and the 


f = RO — cos@) = ROU 

equivalent to a temperature difference of 
supported on two opposite edges and 
others free, Eq. 2 applies and the de- 


flection at the edge opposite the one 
under restraint will be four 7 the 
corresponding values given in Fig. 2 

Deflection data from fire tests of 
walls and partitions are given in Tables 
I and II to indicate the extent to which 
Eqs. 1 and 2 apply and the genera) 
agreement of test data with theoretical 
relations. 

The walls and partitions for which 
results are given in Table I were of 
conventional designs of burned clay 
structural tile, nearly all with cells 
thereof set vertical and all without 
plaster or other finish. They were tested 
either fully or partly restrained within 
the test frames, under load, or un- 
restrained at vertical and top edges. 
The loading of 120 psi. on those tested 
under load was about 25 per cent of the 
strength of the masonry and less than 
10 per cent of the average compressive 
strength of the tile units. 
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_ In the test of 4-in. partition No. 2a of | design and tested restrained, failed at 14 
shale tile, 3 in. was allowed for ex- min. because of damage from expansion 


pansion, but after 12 min. this was _ stresses and deflection. 


(Wall material, multi-celled burned-clay rectangular units. Length of walls, 8, 10, or 16 ft.) 


_ TABLE I.—DEFLECTIONS OF CLAY STRUCTURAL TILE WALLS AND PARTITIONS. 


Maximum 

Nomi- Lateral 
nal Deflection 

Type of Clay Restraint or Load on A Wall Number , 


Gross Area, psi. * thick- | of Tests 
in. 


1 (No. 
1 (No. 
1 (No. 
1 (No. 


puted, deg. Cent. 
puted, deg. Cent. 


T: — T; Com- 


|? — T: Com- 


| 


| 


Partly restrained 
clay Set-in restrained 
Surface clay.....| Built-in restrained 
Fire clay Built-in restrained 
0 


Reesss 


Built-in restrained 
120 


Surface clay ...4| Unrestrained 
120 


Built-in restrained 
Built-in restrained 
Unrestrained 


Fire clay 


Built-in restrained 
Unrestrained 


3.40 | 
(at top) | | 


@ The boldface numbers in parentheses refer to the list of references appended to this paper, see p. 1077. 


_ TABLE I1.—LATERAL DEFLECTIONS OF CONCRETE MASONRY WALLS AND PARTITIONS. ALL WALLS 
: 6 FT. HIGH AND 5. FT. 6 IN. WIDE. 


Maximum Lateral pn 
Nominal Deflection Time from 
Wall Material Coarse Concrete i Wall a. (ee Start of 
Aggregate Thick- 


. Tests | Average | Average Tests 
si. from. (compu- min. 
Tests, in.| ted), in. 


Crushed limestone or cal- 
careous pebbles 


wu 


waits Siliceous pebbles 


Crushed expanded 
burned shale 


Calcareous pebbles 


Solid concrete....4| Siliceous pebbles 


Crushed expanded 
burned shale.......... | 


| 


@ The boldface numbers in parentheses refer to the list of references appended to this paper, see p. 1077. 


taken up by the expansion and de- Walls 17 and 18 (2)? of 6-in. tile having 
flection of the wall. The lower deflection _ two cells in the wall thickness, were built 
of partition No. 4 was without doubt solidly into heavy restraining frames and 

due in part to the lower expansion of the the deflections from temperature dif 

fireclay material. One 10 ft. by 10 ft. ——— 

- 4in. wall of surface clay tile of similar 


* The boldface numbers in parentheses refer ae 
list of references appended to this paper, see p- 107’. 
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ference were without doubt considerably 
increased by the general expansion of 
the wall. After the wall deflection ex- 
ceeds one-sixth of the wall thickness, the 
center of the deflected section will be 
outside of the middle third of the base, 
but stability will be maintained con- 
siderably beyond this point because 
of tensional resistance, induced resisting 
moments at the borders and shifting of 
the center of the bearing thereon to- 
ward the fire-exposed side (Fig. 1). 
Even so, for deflections much exceeding 
this limit, the increment from axial 
extension is without doubt propor- 
tionately greater than for lower de- 
flections. The failure of these two walls 
was, however, due to high temperatures 
on the unexposed side and not from 
general or local collapse caused by 
lateral deflection. Failure from expansion 
and deflection effects, earlier than would 
have obtained because of high temper- 
atures on the unexposed side, occurred in 
this series for some walls of 3-, 4-, and 6- 
in, tile having one cell in the wall 
thickness. These were also tested re- 
strained, on height of 10 ft., the length 
being 16 ft. 

In the series, the results of which are 
reported in a Bureau of Standards 
Research Paper (3) there was no failure 
that can be directly attributed to 
lateral deflection, although, in con- 
junction with stresses induced by ex- 
pansion, it contributed without doubt to 
failure on other particulars. No walls 
were, however, of less thickness than 
8 in. For one comparison obtained for 
center lateral deflection of loaded as 
compared with restrained walls, the 
latter had lower average deflection, 1.05 
in. (reduced to 0.93 at 10 ft. 4 in. height) 
as compared with 1.16 in. for the loaded 
walls. It may be noted that the loaded 
walls were free at the vertical edges 
which might account in part for their 
telatively higher deflection. The center 
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deflections were low considering wall 
thickness and height, and hence the 
restraint of expansion from the loading __ 
or the restraining frame could not have 
added much to the deflection attribut- —_ 
able to temperature difference between 
the two faces of the walls. The center 
deflections of the 12-in. and 16-in. walls 
were higher in comparison with those 
for the 8-in. walls than the inverse ratio 
of thickness (Eq. 1), which might be 
attributable in part to the longer time 
from the start of the test when the maxi- 
mum deflection occurred and their higher 
heat insulation with consequent higher 
temperature difference between the two 
faces for the thicker walls. 

The outward deflection at the top of 
the unrestrained 8-in. walls of shale and 
surface clay tile was on the average very 
nearly four times the average center 
deflection of comparable loaded walls, as 
reduced to the same height basis. For 
the 12-in. and 16-in. thicknesses the 
data limits the comparison to results 
with unrestrained and restrained walls 
of fire-clay tile, the average ratio of which 
is 4.3. A ratio higher than four might be 
expected on account of the relatively 
low deflection of restrained walls of 
8-in. or greater thickness, as compared 
with that of loaded walls with free 
vertical edges. Actually, as verification 
of theoretical relations, these ratios 
should not necessarily be taken at full 
value. It is difficult to establish repre- 
sentative fire test conditions for un- 
restrained walls since there is curvature 
in horizontal as well as vertical planes. 
In an attempt .to minimize the effect 
of the former on the deflection of the 
top of the 8-in. walls, pilasters were 
built into them near the side edges, the 
effect of which, while in the right 
direction, was somewhat indeterminate. 
The 12-in. and 16-in. unrestrained walls 
were tested without pilasters and the 
curvature of the top deflected edge 
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introduced some degree of uncertainty as 
to whether the deflection was repre- 
sentative of that of a long wall for which 
the top deflected edge can be assumed 
as being without curvature. 

There was no failure due to deflection 
for the unrestrained walls, although the 
results indicated that such failure might 
occur with such wall constructions in 
building fires. Figure 3 shows failure of 
exterior walls in a fire test with a 5-story 
building having unprotected wood-joist 
interior construction (4). This test was 
conducted in conjunction with razing 
perations for the site, the building being 
loaded with scrap lumber as combustible 
contents. The walls were 22 in. thick in 
the ground story and 13 in. at the top, 
but failure thereof from outward de- 
flection began during the first half hour 
of the test, soon after interior con- 
struction collapsed. Figure 4 shows 
similar failure in a building fire, many 
of which have occurred with buildings 
having exterior masonry bearing walls 
and interior wood or unprotected metal 
framing. 

No direct comparison of experimental 
deflection data and corresponding values 
computed according to Eqs. 1 and 2 is 
possible since the temperature of the 
fire-exposed face of the wall is not 
known. It can be assumed to be con- 
siderably below the furnace temperature, 
the difference decreasing with the length 
of fire exposure and the thickness of the 
wall. In the tests reported under (3) 
the average temperatures of the un- 
exposed surface were fairly well de- 
termined with uncovered fine-wire ther- 
mocouples in contact with the surface. 
The difference between them and |. 
average indicated furnace temperatures, 
(F-T,), is given in Table I for tests of 
Sin. or thicker walls. 

The next column gives the computed 
lemperature difference (7,-7,) between 
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the exposed and unexposed faces of the 


wall, based on Eq. 1, or, 


for the center deflection, and from Eq. : 
2 for the deflection at the top of un- 
restrained walls, 


8ft 
= 


Ch? 


~ Che 


The coefficient of expansion of the tile 
walls, based on expansion tests made of 
the burned-clay materia] in the range of 
temperatures here of interest (3, p. | 
23), was taken as 0.00001 for those of 
shale tile, 0.0000085 for surface clay, 
and 0.000007 for fireclay tile walls. 
The difference given in the last column © 
is accordingly that computed as ob- 
taining between the indicated furnace 
temperature and the temperature of the 
fire-exposed surface, based on the re-— 
lations given in the above formulas and 
the measured deflections. 

Differences between indicated furnace 
temperatures and fire-exposed surface 
temperatures of 300 C. and 400 C. may 
well obtain during the second hour of the 
standard fire test since the former will be 
in the range 900 to 1000 C. and the wall 
surface no more than dull red. In the 
later stages of the test, of present 
interest from 4 to 6 hr. after the start, the 
average indicated furnace temperatures 
will be between 1100 C. and 1200 C. 
and a wall surface light red to nearly 
white might correspond to temperatures 
of 900 to 1100 C. The resulting tem- 
perature differences would correspond 
in general with the trend of differences 
given in the last column of the table, 
decreasing as they do for the thicker 
walls and longer intervals after the 
start of the test. It is also to be noted 
that these differences are sensitive to 
variations in the computed 7-7, tem- 
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perature difference and that the latter 
varies inversely with the second power 
of the wall height. Computations made 
with the exponent varying below and 
above 2 indicate that as applied to the 
results of this series of tests it must be 
within the range 1.8 to 2.2 if rather 
obviously inconsistent relations between 
furnace temperatures and computed 
fire-exposed wall surface temperatures 
are to be avoided. 

In Table II are given lateral de- 
flections of concrete masonry walls from 
the results of two series of tests. They 
are grouped for each series according to 
the course aggregate for the concrete. 
All walls were 6 ft. high, 53 ft. wide and 
subjected to fire under load with free 
vertical edges. The vertical expansion 
as well as the lateral deflection was 
reported. Since the deflection causes the 
bearing to be shifted largely to the 
fire-exposed edge and the applied loads 
are low in relation to the ultimate 
strength of wall and units, and further 
that the difference between the length 
of the deflected wall and its chord is very 
small, the expansion per foot of height 
can be taken as expressed by: 


e= 12C(T» T;) 


where J, is the temperature of the 
fire-exposed face and 7; the initial 
temperature, which is here taken as the 
same as the temperature of the un- 
exposed face at the time the maximum 
deflection is attained. It is noted that the 
temperature of the unexposed free face 
is lower than the temperature measured 
on it under the asbestos pad prescribed 
in the standard fire testing procedure, 
and within the first hour of the test, 
when maximum deflections were gen- 
erally attained, had risen no more than 
about 25 C. above the initial temper- 
ature. Substituting in Eq. 1 for C(T2-7,) 
from the above expression, the following 


relation between lateral deflection and 
expansion is obtained: 


Deflections thus computed are given 
in Table II. It is seen that they agree 
fairly well with experimental values 
and quite closely where the average js 
based on 25 or more individual results, 
Practically all would come into agree. 
ment with an exponent for h chosen 
within the range 1.9 to 2.1. The de. 
crease in deflection with increase jp 
wall thickness is less than would obtain 
according to Eq. 1. The deflection of 
the walls for which siliceous aggregate 
was used in the concrete conformed 
most nearly with the theoretical relation. 
Their deflections in the 4-in. thickness 
was on the average about twice that for 
the same wall thickness with concrete or 
concrete units made with calcareous 
aggregates, but for the 8-in. thickness 
they were only about 30 per cent higher. 
There was no failure from lateral deflec- 
tion of any of the walls or partitions in 
these two series as tested on the height 
of 6 ft. 

The deflections of the walls for which 
the concrete or concrete units were made 
with expanded burned-shale aggregate 
were between one third and one fourth 
of those of walls of comparable thickness 
made with calcareous aggregates. Cor- 
responding low deflections were obtained 
in these tests with walls of concrete units 
made with cinder and slag aggregates. 


DEFLECTION OF FLOOR SLABS 


The greater part of the deflection of 
floor slabs, as exposed to fire on one 
side, is due to temperature difference 
between the faces, at least up to the 
stage approaching failure under load. 
For slabs freely supported on two * 
posite edges, the deflection will be 
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governed by the general relation ex- 


oressed in Eq. 1 as concerns the effect 
of thickness and span length on deflec- 


present since there will in general be 
support, or support and restraint, at 
the border on all sides. For the freely 
supported slabs the deflection due to 
temperature difference will not induce 
large stresses or strains, but with con- 
tinuity or restraint at the border sup- 
ports, the materials and_ reinforcing 
elements near them will be severely 
stressed thereby and the deflections will 
be lower than for the freely supported 
condition. Accordingly, it appears’ neces- 
sary that the test specimens of floor 
constructions should embody a repre- 
sentative degree of continuity and re- 
straint, which may be accomplished by 
inclusion of beams or girders and close 
contact or contact and attachment to a 
bordering rigid restraining frame. Since 
deflection and restraint affect the sta- 
bility of facing and protective material 
on the fire-exposed side, it appears im- 
portant that the lateral dimensions of 
the specimen should approach those of 
floor panels in buildings. With results 
from tests thus made as a basis, much 
information, such as on effect of thick- 
ness, might be obtained with smaller 
specimens; 


SIGNIFICANCE OF RESTRAINT AT THE 


BorDERS AS A TEST CONDITION 


There have been indicated above, 
certain effects of restraint of expansion 
at the borders of wall, partition, and 
floor specimens. The restraint on wall 
and partition panels built between 
horizontal and vertical supporting mem- 
bers of the building will be limited in a 
(egree by the rigidity of these members 
and the effect of the fire exposure there- 
om. Incidental conditions such as im- 


perfect joints with the surrounding con- 
struction may also afford some relief. 


However, the expansion under fire ex- _ 
tion. This condition, however, is seldom posure of members such as partitions — 
may be quite large—in the range } to 1 


in. for some materials in the height ‘of 
one story. It accordingly appears that 
it is justified to impose a considerable 
degree of restraint on such constructions 
during fire tests, short of the full restraint 


it isin any case difficult to accomplish in — 


test equipments. 

In fire tests of solid floor slabs and 
supporting beams, a test condition of 
full or nearly full restraint is in general 
representative since any inner panels 
thereof exposed to fire in buildings would 
be restrained by the surrounding slab. 
It has been observed that the outer 
panels of floor slabs suffer less damage 
in fires than the inner panels. However, 
if representative only of use in small 
areas, such as in detached private 
dwellings, the fire test might be made 
with the slab under less restraint or no 
restraint. 

Columns are tested under normal » 
working loads, but under fire conditions 
in buildings, individual columns sub- 
jected to higher fire exposure than 
others in the same story may be further 
restrained by the increased reactions 
from resistance in continuous floor con- 
struction supported by the column. The 
effect is difficult to allow for and may be 
offset by supported live loads lower than 
the design load at the stage of the fire 
when failure under load may occur. 

The material near the outside of the 
column is restrained by tensional re- 
sistance in the material at lower tem- 
perature nearer its center. Accordingly, 
the outer protective material should be 
restrained from expanding more than 
the column shaft which may be ac- 
complished by bearing against plates or 
slabs secured at the column ends. 
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_ It has been established on the basis of 
principles of heat conduction that for 
_ homogeneous slabs of the same thermal 
properties, the time required for a given 
temperature rise on one face, as due to a 
constant temperature on the other, 
varies with the square of the thickness 
(7, 8). This assumes no heat loss at the 
unexposed face, a condition sufficiently 
achieved for the present purpose with 
the felted asbestos pads under which the 
surface temperatures are determined. 
The same applies for the temperature 
rise at the axis of a long cylinder as sub- 
_ jected to a constant temperature on its 
_ surface. However, the exposing tempera- 
ture in the standard fire test is not con- 
_ stant but rises at a rate which after the 
- first 2 hr. is about 83 C. (150 F.) per hr. 
- During the first part of the test the rise 
is more rapid but not as steep as indi- 
cated by the standard furnace curve on 
account of the thermal lag of the pyrom- 
eters and radiation effects (9). 

With such rising temperature on one 
side the thicker member requiring the 
_ longer time for a given temperature rise 
to obtain as a result thereof would be 
subjected to a higher average tempera- 
ture for the period than a thinner mem- 
ber over a shorter period. Comparison of 
results of fire tests of constructions, 
nominally comparable except for thick- 
ness, have indicated the effect of the 
rising exposing temperature in that the 
exponent for the thickness has a value 
near 1.7 instead of the second power 
applicable for a constant exposing tem- 
perature (10). This relation applies not 
only for solid constructions but also 
approximately for those with air spaces 
if the sections are similar and the thick- 
nesses not too far different. While air 
spaces have some value (10) for similar 
sections, their effect will largely cancel 
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out in the comparison and hence the 


relation can in general be expressed by, 


V2 
Re = (4) 1.7 pis (4) 


where R,; and R, are the fire endurance 
periods corresponding to volumes of solid 
material per unit of area of V, and /J,, 
respectively. 

If the fire resistance of a construction 
is limited by ability to carry load or 
protect load-carrying elements or mem- 
bers, the temperature rise within it may 
be of interest. On the same basis as for 
surface temperatures it has been deter- 
mined that for a constant higher tem- 
perature at the hot surface, the times 
required for any two points to reach the 
same temperature rise are proportional 
to the squares of their distances from 
the surface (7). This also applies for the 
times required to reach the same tem- 
perature rise at different depths in a 
cylinder. With the rising temperature of 
the standard furnace test, the relation 
would be given more nearly by the 17 
power of the ratio of depths. 


TEMPERATURE GRADIENTS NEAR THE 
BORDER 


The test specimen should be of such 
size that temperatures will obtain over 
representative portion thereof that are 
not appreciably affected by cooling from 
the borders. What the temperature 
gradients are within and on the surface 
of the specimen because of such cooling 
effects have not been well determined 
experimentally, a matter complicated by 
attendant gradients in furnace tempers 
tures. A specimen such as a column 
heated by surface contact with furnace 
gases and radiation and loses heat largely 
at the ends through conduction to the 
bearing blocks and other parts of the 
loading equipment. The temperature 
gradient is thus dependent on the rela- 
tion of surface coefficient of heat transfer 
times surface area to coefficient of heat 
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conductivity times the area of the cross- 
section. Theoretical solutions giving the 
variation in the temperature of the 
specimen as the border is approached are 
informative, but their application is 
limited by uncertainty as to values of 
thermal constants at the temperatures 
and under the conditions incidental te 
fire tests.‘ 

Evaluations based on a possible range 
in the value of the constants indicate 
that for test columns representative of 
the usua] range in materia] and design, 
and of the smaller range of size applied in 
buildings, the border effect is not large 
at 1-ft. distance from the protection 
applied over the bases of the column, and 
at 1} to 2 ft. it may be within the range 
of incidental variation applicable for 
this type of test. Some substantiation 
thereof obtains from the results of a 
series of fire tests of metal, concrete, and 
wood columns (9), in which column 
temperatures were obtained at 1} ft. 
from the base protections and at two 
intermediate locations. While in many 
tests the temperatures at the outer 
locations were lower than over the cen- 
tral part of the height, the differences 
were in degree such that they could have 
been due in large part to differences in 
furnace temperatures. 

For walls and floor slabs the cooling 
elect extends farther from the border 
as might be expected in that the con- 
struction receives heat from only one 
side. For most conditions, however, at 
2 to 3 ft. from the border temperatures 
are indicated as differing little from 
those over the central portion that are 
almost fully free from any border effect. 
Even at 13 to 2 ft., for some assumed 
Values of thermal constants, the differ- 
ences as cornputed were of the order that 
may obtain experimentally inci- 


x ‘Acknowledgment is made to H. W. Woolley of the 
“ational Bureau of Standards for theoretical develop- 
meats on which this discussion is in part based. 


dental differences in specimens and test 
conditions. Limited experimental verifi- 
cation was obtained in a series of fire 
tests of clay structural tile walls (3) 
where otherwise comparable specimens 
were tested in sizes from 11 by 16 ft., to 
4 by 4 ft. For the larger specimens 
measurements of surface temperatures 
were made at points not nearer than 23 
to 4 ft. from the border and for the 
smaller at 1 to 2 ft. While the determina- 
tions with the latter gave evidence of 
border effect, the temperature rise on the 
unexposed surface that determined the 
fire-endurance periods of the walls was 
in general obtained in shorter time than 
with nominally comparable larger speci- 
mens. This was indicated as attributable 
to a drier condition at the time of test 
from aging in a room that was generally 
at higher temperature and lower humid- 
ity than obtained for the larger speci- 
mens. 

More information from tests and 
theory is required on the general subject 
before conclusions can be reached that 
cover an adequate range in material, 
design, and thickness of specimen. Ex- 
perimentally, information can be ob- 
tained with temperature measurements 
at close intervals on one or more lines 
from the border to the central part of the 
specimen. For good application of theo- 
retical methods, further determination of 
values of thermal constants are needed 
that are applicable to conditions obtain- 
ing in fire tests. 


GENERAL COMMENTS 


In fire tests it is not possible to control 
closely either the fire exposure or other 
conditions, such as distribution of load 
and restraint, that all have a bearing on 
results. However, the results are in as 
good general accord with theoretical 
relations as can be expected, considering 
these limitations. The relatively large 
size of specimen required according to 
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standard specifications is advantageous 
in several respects in obtaining repre- 
sentative results. Supplementary valid 
_ information can be obtained with fire 
tests of smaller specimens if the stability 
_of the specimen as a whole and its com- 
_ ponent parts has been established in tests 
with specimens of standard or larger 
size. In any case, the size should be such 
that temperatures over a representative 
portion of the specimen will not be ap- 
_ preciably affected by gradients near the 
border. 
The mounting of the specimen and 
testing conditions should be representa- 
tive as far as possible of fire exposure 
conditions for building members. In 
applying the load to be carried by walls 
and columns during test, it may be neces- 
sary to place self-adjusting blocks under 
one or both bearings, but during the fire 
test the condition of fixed ends should 
obtain. Some degree of continuity is 
representative for specimens of floor con- 
structions that are normally built con- 
tinuous over the supports. This can be 
obtained by including one or more beams 
or girders at other location than the 
margin. These, however, should not be 
depended on to induce a representative 
- degree of restraint on other than light 
construction spanning between them. 


Heavier construction, such as 6 in, or 
thicker concrete slabs, require for the 
purpose contact at the bearings with q 
rigid restraining frame. 

Established relations, such as that 
between fire-resistance periods and thick- 
ness, can be applied to advantage in 
limited interpolation and extension of 
information from fire tests, if perform. 
ance in respect to stability under fire 
exposure and related properties has been 
determined in appropriate tests. Similar 
methods have been applied extensively 
and to advantage in related fields such 
as for the determination of the heat 
conductivity of building and other con- 
structions. It is, however, not in general 
possible to compute fire-resistance values 
based on design and thickness and the 
thermal and other physical constants of 
the materials because of decided, and in 
part undetermined, changes in these 
latter with temperature and the heat 
transfer conditions incidental to fire 
exposure. The method is accordingly 
limited, in arriving at results, to com- 
parisons of thickness or other applicable 
dimension of the cross-section, of con- 
structions for which fire-resistance test: 
have been made with one or more value: 
of the dimension. a 
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Mr. A. J. SretNer.!—Mr. Ingberg is 
to be complimented on a complete 
analysis and conclusions. The theory set 
forth seems to be primarily based on 
masonry or structures of uniform cross- 
sections. It is gratifying to obtain state- 
ments from a source so well qualified as 
Mr. Ingberg, especially as expressed in 
the general comments of his paper. 

If I understand the paper correctly, it 
states that supplementary information 
can be obtained from fire tests of smaller 
specimens if the stability of the structure 
and its component parts have been 
established by standard or large scale 
samples as called for by A.S.T.M. 
Methods C 119. 

It is unfortunate that those with con- 
siderably less experience than Mr. Ing- 
berg are ready to draw conclusions from 
small scale tests of structures on which 
standard size tests have not been con- 
ducted. 

I wonder if Mr. Ingberg agrees with 
our experience at Underwriters’ Labora- 
tory that the theory set forth is not 
necessarily adaptable to non-uniform 
structures comprised of various materials 
assembled to produce desirable physical 
performances under normal use condi- 
tions, but when exposed to fire, will 
develop non-uniform failure character- 
istics because of mechanical action 
caused by local stresses produced by 
uneven heating of parts of the structure 


1 Protection Engineer, Poetection Dept., Underwriters’ 
Inc., Chicago, I 


and, therefore, the theory set forth h: 
only a limited use. 

Mr. S. H. INGBERG (author’s closun 
—I do not think Mr. Steiner’s questi 
can be answered much further than ¢! 
general conclusions given in the pap 
with which he apparently agrees ; 
limited to structures that are more or 
less uniform throughout. That is, the 
do not have details that may cause low 
failures or complications. 

I am not entirely certain that I under 
stand everything that is implied therei 
I think the full-scale test should b 
made at least to the extent that inform 
tion is obtained on the significance 
these local failures, if they are due to the 
expansion or other characteristics of : 
specimen of standard size, and that the 
would not be as serious in tests ma 
with the specimen of smaller size. | 
believe that may be the gist of the argu: 
ment, and to that extent, I am quite 
agreement with Mr. Steiner. 

In a more general sense the paper ¢ 
be taken as an endeavor to relate t! 
results of one test with those of other 
based on size of specimen and othe 
applicable conditions. The availabili 
of means for so doing is fundamental! 
the development of any engineering 4 
or science. Isolated results have bv 
limited value for the purpose. Only # 
correlated in a body of related data wi 
the aid of applicable general relation 
can they contribute in significant deg 
to the general objectives of the field. 
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A METHOD FOR EVALUATING THE SURFACE AND VOLUME 
RESISTANCE CHARACTERISTICS OF SOLID 
DIELECTRIC MATERIALS! 


By WILLIAM G. AMEY? AND FERDINAND HAMBURGER, JR.® 


SYNOPSIS 


Any attempt to measure the surface electrical properties of a solid dielectric 

gives rise to a result differing from the true value because of the effect of the 
shunt path through the volume of material between measurement electrodes. 7 
For a given specimen and electrode configuration, the error tends to be exces- a 
sive whenever the ratio of surface resistivity to volume resistivity becomes high. . 
Under such circumstances, the true surface properties can be obtained only by 

evaluation of the effect of the shunting volume path and subsequent correction 

to current flow through its volume, but , 
also by the opposition to current flow — 
across its surface. These two funda- 7 


Similarly, any attempt to measure the volume electrical properties tends to 
be compromised by the effects of stray currents over the surface paths between 
measurement electrodes. A three-electrode disk specimen, one electrode of 
which serves as a guard, has long been employed in the determination of volume 
resistivity for this reason. 

The work reported herein was undertaken in an effort to determine the 
relative specimen and electrode dimensions which would allow use of the three- 
electrode disk for reasonably accurate evaluation of surface resistivity as well 
as volume resistivity. Analysis, substantiated by experiment, indicates that 
not only is the three-electrode disk necessary and satisfactory for volume 
resistivity measurements, but, also, it is the best arrangement for surface 
resistivity measurements. This specimen and electrode arrangement is, 
therefore, ideally suited to both types of measurement on the same specimen. 

The analysis is outlined, and formulae given, by means of which suitable 
dimensions can be so chosen that correction of the observed data is unnecessary 
for wide ranges of material properties. In the rare cases where such corrections 
might be necessary, the fact is made apparent, and corrections can be effected, 
directly from the observed values. 


High “insulation resistance” or opposi- 
lon to the passage of electricity is the 
primary characteristic of all solid di- 
electric materials. Such insulation re- 


of the nominal surface measurements. 
mental properties usually are discussed 


sistance is determined, however, not 
only by the opposition of the material 


Fe based on a dissertation submitted by W. G. Amey 
loh ® Advisory Board of the School of Engineering, The 
a _oPkins University, in conformity with the require- 
degree of Doctor of Engineering. 

Philadelphia, Pa. partment, Leeds and Northrup Co., 


,..' Professor of Electrical Engineering, The Johns Ho 
tins University, Baltimore, Md~ 


in terms of either the “volume” and 
“surface” resistivities of a material, or 
the “volume” and “surface” resistance 
of a particular specimen. 

Both the volume and surface resistiv- 
ities, while generally high, are of finite 
magnitude. Consequently, insulation 


va 
! 
ne’ 
Mi 
i 
ler 
el! 
big 
m 
of 
A. 
ade 
r 
te 1 | 
Ca 
4 
hers 
ytner 
ai | | 
g af 
ly 
wil 
thon: 
— 


resistance of any specimen involves the 
_ simultaneous effects of both surface and 
volume characteristics. In many cases, 
measurement of the aggregate effect 
(insulation resistance) for bushings, ter- 
minal strips, binding posts, etc., is suff- 
cient. For quality control and for cer- 
tain specific applications, however, 
separation of the surface and volume 
effects frequently is required. Special 
measurement procedures and specimen 
arrangements are necessary for this pur- 
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Fic. ieee of Strip Electrodes to 
lat, Solid Specimens. 


Techniques for the separation of 
volume and surface effects are dependent 
primarily on specimen and electrode 
geometry tending to emphasize that 
characteristic under study. Most of 
the specimen and electrode arrangements 
reported to date are suitable for evalua- 
tion of either the volume or the surface 
characteristic, but not both. For ex- 
ample, A.S.T.M. Methods D 48 - 46 T* 
recommends the arrangement of Fig. 1 
for the measurement of insulation re- 
sistance when surface phenomena are to 
be emphasized. ‘The three-electrode ar- 
rangement of lig. 2, however, is recom- 
mended when volume phenomena are to 
be observed. In many instances, ade- 
quate separation of surface effects is im- 
possible with the specimen arrangements 
usually employed. 

Herein are reported the results of 
efforts to obtain a specimen and elec- 
trode arrangement allowing accurate 


‘ Tentative Methods of Testing Molded Materials Used 
for Electrical Insulation (D 48-46 T), 
A.S.T.M. Standards, Part III-B, p. 527, 


1946 Book of 
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evaluation of both surface and volum 
properties for wide ranges of condition. 
ing procedures, ambient temperature 
and humidity, and material properties 
Some of the techniques described ar 
recommended in a revision of A.S.T.¥ 
Methuds D 257 — 46° now in preparatioy 
for letter ballot of A.S.T.M. Committe 
D-9. Discussion of that proposed rey; 
sion indicated the necessity for a step. 
by-step exposition of the problem and its 


NOTE: 
2 
n= @+h)* 2=n+0 


Fic. 2.—Application of Electrodes to Soli 
Disk Specimens. 


solution. Since such an exposition cat- 
not feasibly be included in A.S.T.M 
Methods D 257, this paper has beet 
prepared in the hope that it would sup 
plement the proposed revision. 


ELECTRODE CONFIGURATION EFFECTS 0 
SURFACE MEASUREMENTS 


Selection of a general configurati 
of specimen and electrodes was mat 
only after due consideration of the pos 
sible effects on the measurements. — 

Every measurement of surface ress 
6 Standard Methods of Test for Insulation Resisa 


of Electrical Insulating Materials (D 257 - 46), 1% ™ 
of A.S.T.M. Standards, Part III-B, p. 135. 
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ance requires at least two electrodes 
mmon to the same surface of the speci- 
men and held at different potentials. 
The resistance may be measured (ac- 
ding to A.S.T.M. Methods D 257 - 
either indirectly in terms of the 
: ratio of the electrode potential difference 
to the current between the electrodes, or 
jirectly by comparison with a known 
resistance in a Wheatstone bridge. In 
either case, the fundamental question is: 
to what extent does the total measured 
resistance between surface electrodes 
lifer from the actual resistance of the 
surface film? 

In terms of current, the fundamental 
oncern is with ‘those portions of the 
total measured current passing between 
surface electrodes by way of extraneous 
surface or volume paths rather than 
wer the surface path being studied. 
[he lower the ratio of extraneous current 
0 main surface current, the lower the 
; In terms of resistance, the concern is 
vith the amount by which the actual 
resistance of the main surface path is 
shunted by the resistances of the ex- 
traneous paths in the process of measure- 
ment. The lower the ratio of main 
surface path resistance to effective shunt- 
ing resistance, the lower the error. 

The ideal circumstances are those in 
which the effects of all extraneous paths 
are negligible. In the next best alterna- 
tive, extraneous surface path effects are 
tither zero or negligible, while the vol- 
ume path effect, if not negligible, is 
calculable and readily taken into account. 

The arrangement of Fig. 1 is based on 
the efforts of Curtis (1),° but its dimen- 
sions are not consistent with the funda- 
mental concepts he advanced. With 
this specimen, two surfaces of different 
character (one molded, the other ma- 
chined) usually are involved. The dif- 
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6 8 ea boldface numbers in parentheses refer to the 
references appended to this paper, see p. 1091. 


On Sotip MATERIALS 


1081 
fering resistivities of the two types of — 
surface may introduce an uncertainty 
which is even more confusing than that 
caused by the volume path. 

Curtis (1, p. 366) attempted to obtain 
satisfactory conditions with an arrange- 
ment similar to that of Fig. 1 by more 

uitable dimensioning of the specimen 
and electrodes. More recently, Field 
(2) has employed a two-electrode arrange- 
ment similar to that of Curtis in studies 
of the surface resistivities of many of the 
present-day dielectric materials. Ex- 
haustive discussion of these excellent 
works is impossible here, however, and 
a few brief comments must suffice. 
Both investigators satisfactorily reduced 
extraneous surface leakage effects by 
suitable proportioning of the specimen 
dimensions and the surface electrode 
separation. Curtis found, however, that 
the volume path effects often were not 
negligible (1, p. 411-414). Field (2, 
p. 6-7) avoided volume effects by making 
measurements before the ambient humid 
atmosphere had time to reduce the vol- 
ume resistivity. This technique proved 
reasonably successful with the exceptions 
of certain materials which absorbed 
water so rapidly that the equilibrium 
surface resistance value was completely 
obscured. In general, such a procedure 
is not applicable to long-time humidity 
exposure studies or to materials possess- 
ing inherently low volume resistivity. 
It should be noted, however, that the 
techniques of Curtis and Field are quite 
useful and are entirely adequate for 
surface resistance studies of many of the 
dielectrics in use today. 

From the above considerations, an 
arrangement like that of Fig. 2 appeared 
to be the only one likely to be suitable 
for measurements of both volume and 
surface resistivity, the guard electrode 
technique being virtually mandatory for 
volume resistivity measurements free of 
suriace effect errors. It was believed 
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that, by properly proportioning the 
specimen and electrode dimensions, sur- 
face resistivity could be measured with- 
- out undue errors from volume paths of 
relatively low resistivity. This view 
was substantiated by subsequent analy- 
sis and experiment as will be shown. 
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—00 | 


+00 


CASE B 


20 


hi 


—0oo < 


+00 
CASE C 


Fic. 3.—Cross-sectional Views of Theoretical 
Electrodes Arrangements. 
(Case A: Three electrodes. Case B: 
_ Two semi-infinite electrodes. Case C: 
Two electrodes of finite width, P.) 


ELECTRODE CONFIGURATION ANALYSES 


Prior to selection of suitable dimen- 
sions for the arrangement of Fig. 2, it 
was first necessary to evaluate the effect 
of the volume current path. In order 
to simplify the mathematical analysis, 
it was assumed that the dielectric ma- 
terial was homogeneous and isotropic, 
and that its properties were independent 
of the potential gradient. These assump- 
tions were deemed sufficiently valid for 
the accuracies involved in such resistivity 
measurements. At any rate, measure- 
ments of an actual material can be used 
to indicate departures from the ideal 
only if the theoretical ideal relations are 
known. 

Even with the above assumptions, 
direct analysis of the disk arrangement 
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was found to be exceedingly difficu} 


because of the mixed boundary condj. 
tions across the disk face containing the 


surface gap. Further, it appeared up. 
likely that the result could be expresse 
in a form convenient for calculation, 

Frequently, when the three-dimen. 
sional problem involves axial symmetry 
valuable information can be obtaine 
by studies of a suitable two-dimensiona 
configuration from which the origin, 
arrangement can be derived by rotatio: 
about an axis. Such was the situatio 
here. For purposes of comparison, tw 
additional electrode arrangements als 
were investigated. Cross-sectional views 
of the arrangements studied are show: 
in Fig. 3. 

Case A involves two electrodes (1 and 
2) of semi-infinite extent, common to the 
same surface of a dielectric specimen oi 
finite thickness, h, and separated by « 
finite distance, 2D, at the center line of 
the specimen; a third electrode (3) is 
infinite in extent, covering the entire 
opposite face. One is concerned in cast 
A with the volume current which flows 
directly between electrodes 1 and 2, whe 
electrodes 1 and 3 are maintained at th 
same potential, the latter being differen 
from that of electrode 2. 

Case B involves a configuration ident: 
cal with that of case A, except that 
electrode 3 is absent. 

Case C is virtually the same as case } 
electrodes 1 and 2 being of equal anc 
finite width, p. 

Before proceeding to a discussion ¢ 
these three electrode systems, 4 fe 
quantities used in the analysis are 4 
fined as follows: 

1 =length of the electrodes take 
perpendicular to the cross-sectior 
shown, 

D = half the gap width between ele: 
trodes 1 and 2, measured in the 
same units as /, 

h = specimen thickness in the sa 

Units as |, 


7 
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- = volume resistivity expressed in 
terms of the same unit used for J, 
hand D, 

= resistivity of the surface film in 
ohms per unit square of surface, 

= potential difference between elec- 
trodes 1 and 2, 

ly = volume current between electrodes 
1 and 2, 

= main surface current between the 
same pair of electrodes, 

Rv = + Jig = resistance of the 
direct volume path between elec- 
trodes 1 and 2, and 

ts = Vy» + Is = resistance of the main 

surface path between the same 
pair of electrodes. 

Now, if D and h be considered as the 

independent variables, it may be shown 

3) that: 

In Rs 


ne function F(D/h) taking a different 
form for each of the cases illustrated in 
Fig, 3. 

From Eq. 1, it is evident that the error 
lue to volume current increases with the 
ntioc/r. This ratio is a property of the 
material under observation. is not 
ubject to control except in the special 
ind limited technique employed by Field 
previously noted. It is further evi- 
lent that the error can be reduced by 
the simple expedient of reducing the 
ecimen thickness, h. Field employed 
lhis device, also. In many cases, how- 
‘ver, the experimenter is faced with the 
ytdblem of making measurements on 
‘pecimens whose thickness is fixed. 

The function F(D/h), on the other 
und, is determined by the electrode 
seometry and is subject to control 
vithin broad limits, the most satisfactory 
tectrode system being that for which 
this function is smallest. For purpose 
t comparison, Fig. 4 shows plots of 
((D/h) for the three different electrode 
‘ystems under consideration. 
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The lower curve of Fig. 4 corresponds 
to case A, and the middle one to case C 
when the electrode width p is one-tenth 
the specimen thickness. A single curve 
is sufficient to represent case C when the 
ratio p/h is equal to, or greater than, 
unity. This is the upper curve of Fig. 
4, and includes case B for which p/h is 
infinite. For convenience only, Fig. 4 
is plotted with 0.1 and 2.0 as the lower 


1.0 


ELECTRODES 
(Cases B and C, 251.0) 


TWO ELECTRODES 
(Case c,%, =0.1) 


F(%) 


THREE ELECTRODES 
-2 (Case A) 


Fic. 4.—Effect of Electrode Geometry on Ratio 
of Volume to Surface Current Indicated 
by F(D/h). 


and upper limits of D/h. This shows 
the important characteristics for the 
several configurations and provides a 
satisfactory working range. 

In conjunction with Eq. 1, Fig. 4 
graphically demonstrates that: 

1. When only two electrodes are em- 
ployed, increasing the electrode separa- 
tion with respect to the specimen thick- 
ness is detrimental, rather than helpful, 
in reducing the effect of the volume path. 
(While not shown, /'(D/h) approaches 
unity as D/h grows larger.) — 
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2. When only two electrodes are em- 
ployed, drastic reductions of electrode 
size with respect to specimen thickness 
are of little avail in reducing the effect 
of volume path. 

3. When the three-electrode technique 
is employed, increases in the ratio D/h 
beyond the value 0.3 are tremendously 
helpful in reducing the effect of volume 
path. (This is independent of electrode 
width within broad limits. More com- 
plete analysis (3, Appendix A, pp. 17- 
18) shows that the width of electrodes 1 
and 2 need only be equal to, or greater 
than, twice the specimen thickness.) 

4. In all three cases, reduction of 
specimen thickness results in reduction 
of the volume path effect for all values 
of D/h. The three-electrode arrange- 
ment, however, is always superior in its 
effectiveness. 

If D/h is unity, the three-electrode 
technique is approximately ten times 
more effective than the two-electrode 
method in achieving the desired result. 
If D/h equals 2, the relative effective- 
ness is 150 to 1. 


‘THREE-ELECTRODE Disk 


As previously indicated, analysis of 
case A of Fig. 3 leads to an approximate, 
but sufficiently accurate, analysis of the 
disk arrangement of Fig. 2 (3, Appendix 
B, p. 39). In order for the analysis to 
hold, certain conditions must be imposed 
on the electrode radii, namely, 


n+h>2 (2) 
D+nm<1/2...... (4) 


Subject to the above limitations, the 
surface resistance and the three inter- 
electrode volume resistances of the disk 
are given by the following Eggs. 5, 6, 8, 
and 10:* 


where Rag, = total surface resista; 
between electrodes 1 and) 
R T 
where: 


Raz = total volume resistance betwee 
electrodes 1 and 2, 

Sa2 = disk shape factor for the vol 
path between electrodes 1 and? 


D 
Saiz To [2 ln tanh (; i) | 


hr 


di3 alro — 8)? 


where: 
Raz = total volume resistance betwe 


electrodes and3, 
6 = fringing constant, 

2 D 
In cosh (: 
T 2h 


h 
Raz = 


(1 
airs? — (ro + 


where: 

Raz = total volume resistance betwet 
electrodes 2 and 3, 

6 = fringing constant as above. 


If Eq. 5 be divided by Eq. 6, the resu 
Ras 


2 aD 
=--D-| -lntanh|{ - — 
Ruz T 7 2h 
i/fD\? 1/D* 
14+-(-) +-(-)+--- 
3\r0 \fo J 


Multiplying and dividing by the spe 
men thickness h, this expression becom 


ro J 


wm 


*In designates logarithm to the base = 2.118" 


1 


bole | 
@ 
| ln t h 
| D 
Ra = -- In \: 
4, 


= first bracketed terms constitute correction factor relating to curved 


F Ic. 5. Sides of Disk Shape Factor, Sai2, for Volume Path between Surface 
Electrodes 1 and 2. 


Fic. 6.—Plot of Fringing Constant, 6. 


F(D/h) used in Eq. 1 and plotted in Fig. electrode edges of the disk as compared 
4. The second bracket includes the with the straight electrode edges of the 
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two-dimensional analysis. In practice, 
this correction is essentially negligible, 
and 

Kae .......1) 
Rw 

Equation 11 indicates that the effective- 
ness of the three-electrode disk arrange- 
ment also can be determined from Fig. 4 
and compared with two-electrode ar- 
rangements on the same basis. 
Equations 2, 3, and 4 impose certain 
conditions on the specimen and electrode 
dimensions of the general arrangement 
shown in Fig. 2. When these conditions 
are satisfied, the relations in Eqs. 5 to 
10 inclusive allow the computation of 
any of the pertinent factors associated 
with surface and volume resistivity meas- 
urements on such a specimen. 

With the exceptions of Eqs. 7 and 9, 
evaluation of the various resistances 
offers no difficulty. Since Eqs. 7 and 9 
involve natural logarithms of hyperbolic 
functions, and since these are not given 
explicitly in most mathematical tables, 
Figs. 5 and 6 are provided as convenient 
aids in the evaluation of Sa: and 6 re- 
spectively. It should be observed _ 
no dimensional units are indicated, Sao 
being in the same units as 7, and 5 in 
the same units as #. In this manner, 
Figs. 5 and 6 lend themselves to conveni- 
ent calculation no matter what the length 
unit might be. 

Experimental verification of the above 
relations was obtained through resist- 
ance measurements on disks of the car- 
bon-binder mixtures used in_ radio- 
frequency resistors (3, pp. 25-36). These 
disks, having an average volume resistiv- 
ity of 10° ohm cm., were supplied by the 
manufacturer with sprayed copper elec- 
trodes on the circular faces. In order 
to form electrodes 1 and 2, it was neces- 
sary only to face-off a ring of the sprayed 
copper. Thus it was possible to check 


A, 


the validity of the above relations te a 
wide range of electrode dimensions. 
Unfortunately, these tests cannot be 
treated in detail in this paper; a simple 
statement of results must suffice. While 
Eqs. 7, 8, and 10 are not exact, both 
analysis and experiment have shown 
them to be more than satisfactory for 
the purposes intended. The error in 
Eqs. 8 and 10 appears to be appreciably 
less than one per cent; that of Eq. 7 
varies from 1 to 10 per cent, depending 
on the electrode dimensions. This latter 
discrepancy is of no consequence. In 
the case of surface resistivity measure- 
ments, one is concerned only that the 
resistance of the undesirable volume 
path, Rae, should be of the high order 
of magnitude predicted by Eqs. 6 and 7. 
An error of as much as 50 or 100 per 
cent for Raz would be of little significance 
in a properly proportioned specimen. 


‘RECOMMENDED SPECIMEN AND 
ELECTRODE DIMENSIONS 


The relations in the preceding section 
are intended to allow application of the 
three-electrode disk technique to speci- 
mens of many sizes. It appears in order, 
however, to recommend standard ar- 
rangements for general-purpose work. 

While there are many bases on which 
the specimen and electrode dimensions 
might be selected, certain practical 
considerations must influence the final 
decision. The most important consider- 
ation involves the usual forms in which 
specimen materials are available; on this 
basis a'one, a decision can be made. 

In the past, disks of either 2 or 410. 
diameter have been used in dielectric 
testing. Indeed A.S.T.M. Method D 
48 — 46 T specifies a disk } in. thick and 
4 in. in diameter for volume resistivity 
measurements on molded electrical i0- 
sulating materials. Most material mat- 
ufacturers, and many testing labor 
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tories, are equipped to mold either 2-in. 
or 4in. disks in thicknesses ranging 
from js in. to 4 in. At the same time, 
materials other than the molded ones 
offer little difficulty. These normally 
are available in a variety of thicknesses 
nd can be cut to the desired diameter. 
For such reasons, it appears that the 
\.$.T.M. specimen noted above should 
be entirely suitable; a specimen 4% in. 
thick and 2 in. in diameter being a less 
sirable alternative because of the 
higher resistances which are thus in- 
volved. With reference to Fig. 2, this 
amounts to a decision that h = 3 in. and 
1, = 2 in. for the standard specimen and 
h = 4 in. and rz = 1 in. for thealternate. 
Further, reference to Eq. 3 indicates that 
r, should then be 1.75 and 0.75 in. re- 
spectively. 
- For given values of o and 71, both 1% 
and r; should be as large as possible to 
bring the measured surface and volume 
resistances within the range of available 
measurement apparatus. On the other 
hand, since 72 is fixed by the specimen 
size, the larger 7; the smaller the surface 
gap and the greater the adverse effect 
ff volume current on surface measure- 
ments. This issue can be settled, for- 
tunately, by reference to Fig. 4 and Eq. 
ll 


If D/h = 1.0, F(D/h) = 0.056 for 

the three-electrode case. Since h = 2in., 
Ras 

— = 0.007-.......... 12 


cording to Eq. 11. Under these 
‘ircumstances, the error due to neglecting 
the volume path effect would not exceed 
0.7 per cent, even in the rare case where 
cand + were equal in magnitude. Con- 
sequently, the value D/h = 1.0 seems 
to provide a fair compromise, and 7 be- 
comes 1.500 in. for the standard disk 
and 0.500 in. for the alternate. 
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Table I lists the dimensions of the 


proposed standard and alternative ar- 
rangements. Also listed are all the other _ 
pertinent factors as computed from the , 
previously cited analyses. 

For either of the two arrangements — 
considered in Table I, items 18, 19, and j 
20 are the most important and signifi- | 
cant. Item 18 provides a relatively — 
simple and quick means for evaluating 
Raz from the measured value of Ray. 
From this and the observed value of 
Ras, one can quickly decide whether or 
not Riz is likely to cause appreciable i 
error. 

Items 19 and 20, Table I, providea _- 
simple means for computing the volume , 
and surface resistivities from the meas- 
ured values of Raz and Rg, respectively. — ; 
Further, these two items indicate the 
maximum resistivities that may be 
measured with the given specimen types 
and with a given maximum measurable 
resistance. For example, if the avail- 
able equipment permits measurement 
of 10" ohms, item 19 indicates that the 
maximum volume resistivity measurable 
with the standard disk is 60.7 times the 
given resistance sensitivity, that is, 
60.7 X 10" ohm in. (1.54 XK 10" ohm 
cm.). The limit would be 7.66 


(about 1.95 10" ohmcm.) for the 
alternate type. 


RESULTS WITH DIELECTRIC SPECIMENS © 


>. A 


The proposed technique was applied 
to measurements of actual dielectric 
materials with gratifying results. The 
purpose here was not to establish a 
table of dielectric properties, but rather 
to show that the proposed technique 
allows the direct measurement of surface 
resistance for extreme ranges of volume > 
resistivity. 

The selection of dielectric materials — 
was not difficult; there was no choice, 
laminates being the only materials 
readily available at the time. This, 
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a 
5 
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however, was not considered particularly 
unfortunate for the purpose at hand. It 
was necessary that measurements be 
made over a wide range of values of o/r. 
It appeared that this could be accom- 
plished simply by exposure of the speci- 
mens to high ambient humidities, resist- 
ance measurements being made at various 
exposure times. Most laminates are 
admirably suited to this somewhat pecu- 
liar requirement that volume resistivity 
should change markedly with humidity 
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inclusive. The electrodes consisted of 
duPont No. 4365 Silver Conducting 
Coating applied with a small camel's 
hair brush, the gap area between elec. 
trodes 1 and 2 being carefully masked, 
No details of the masking technique wil! 
be cited here since any arrangement 
giving clean, sharp electrode edges 
would have been equally satisfactory, 
(Such electrodes do not appreciably 
affect the absorption of moisture from 
ambient humid atmospheres (4).) | 


TABLE I 
It | Pertinent Factors for Three-Electrode Disk Symbol | Specimen Type | : 
| Standard | Alternate 

1 Specimen thickness, in. h 0.125 0.125 Fig. 2 

2 | Radius, outside, electrodes 2 and 3, in. ......... ; ra 2.000 1.000 Fig. 2 

3 Radius, inside, electrode 2, in.................... ro 1.750 0.750 Fig. 2 

4 ri 1.500 0.500 Fig. 2 

5 Surface gap, electrodes 1 and 2, in............... 2D 0.250 0.250 Fig. 2 

‘ae Radius, average, surface gap, in. ecean ewanels ro 1.625 0.625 Fig. 2 
7 Ratio, half gap to specimen thickness... D/h 1.000 1.000 Fig. 4 

8 Ratio, half gap to average gapradius. ssi. D/ro 1/13 1/5 Eq. 4 

vy) Fringing constant, in. 6 0.073 0.073 Eq. 9 
Fig. 6 

Radius, effective, outside, electrodes 2 and 3, in... — ra 2.000 1.000 Fig.2 

Radius, effective, inside, electrode 2, in. : | roti 1.698 0.698 Eq. 10 

Radius, effective, electrode 1, in......... haat ro— 6 1.552 0.552 Eq. 8 

Disk volume shape factor, electrodes 1 and 2, in.... Saiz 0.280 0.108 Eq.7 

Volume resistance, electrodes 1 and 2, ohms........ Raz 3.Si7r 9.267 Eq. 6 

Volume resistance, electrodes 1 and 3, ohms.. ste Raa 0.01657 0.1317 Eq. 8 

Volume resistance, electrodes 2 and 3, ohms... .... | Raa 0.03567 0.07757 Eq. 19 

Surface resistance, electrodes 1 and 2, ohms... Ras 0.02450 0.0645¢ Eq. 5 

Volume resistivity of unit cube, ohm-in... pares T | 60.7 Rais 7.66 Rais Eq. 8 
Surface resistivity of surface square, ohms........ ‘| a | 40.8 Ras 15.5 Rds Eq. 5 
exposure. Further, if the measurement 4. After application of electrodes, 


technique proved applicable to the lami- 
nates (which are inherently anisotropic), 
it should be applicable to all of the more 
uniform types of material. 

Specimens of each material were pre- 
pared as follows: 

1. Four standard size disks and four 
of the alternate size were cut from the 
same sheet of }-in. material. 

2. The disks were wiped clean with 
soft tissue paper and kept clean there- 
after. 

3. Electrodes were applied to each of 
the disks in accordance with the dimen- 
sions indicated by Table I, items 1 to 10 


the specimens were placed in a 50 C. oven 
for 96 hr. in an effort to reduce them all 
to a uniformly dry condition. 

At the end of the drying period, al 
eight specimens of a given material were 
mounted in individual specimen holders 
attached to the same brass cover-plate. 
The latter was then inverted and used to 
cover the top of a battery jar. The 
cover-plate was sealed to the top edges 
of the battery jar by means of was, 
effectively enclosing all eight specimens 
in the same humid atmosphere produced 
by a saturated solution of potassium 
nitrate covering the bottom of the jar. 
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The various jars were stored in a constant 
temperature room at approximately 25 
C, This resulted in a relative humidity 
f the order of 85 per cent inside the 
is. The actual relative humidity was 
f little consequence for these tests, the 
mportant consideration being that all 
‘ight specimens should be subject to the 
same conditions for purposes of compari- 
son. 
Connections to each of the three elec- 
trodes of each specimen were brought 
wut through the brass cover-plate by 
means of steatite feed-through bushings. 


7.—Mounting and (¢ 
Dielectric Specimens. 


ict Assembly for 


ne-quarter inch brass rods were rigidly 
ttached to the bushing terminals on the 
nner side of the cover. At their lower 
ends, these rods were equipped with 
No. 6-32 screws running transverse to 
the rod axes. Two of the rods for each 
specimen were provided with brass disks 
it the ends of their respective No. 6-32 
crews. The specimen was placed be- 
ween these two brass disks which were 
then screwed tightly against either side 
of the specimen at its center. In this 
manner, the specimen was rigidly sup- 
ported from the cover-plate, and contact 
with electrodes 1 and 3 was’ achieved. 
Contact with electrode 2 was effected 
simply by bringing up the screw at the 
end of the third brass rod. The mount- 


ing and contact assembly is shown in 
Fig. 7, 
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Measurements were made at 100 v. | 
in the following manner: 

1. For measurement of the volume 
resistance, Rw3, electrode 1 was the 
guarded electrode, electrode 2 was the = 


guard, and electrode 3 was the unguarded i 
electrode. 

2. The surface resistance, Ra, was b | 
measured directly by having electrode 2 


serve as the unguarded electrode, elec- 7 
trode 3 as the guard, and electrode 1 as 
the guarded electrode. ( 

In all measurements, the brass cover 
plate was connected to whichever of the 
specimen electrodes was at that time 
serving as guard. In this manner, the 
insulation leakage currents of the stea- 
tite bushings were rendered ineffective. 
As the exposure period increased, the 
specimen resistances decreased, and some 
of the guard system resistances became 
very low. In each such case, simple 
corrections (based on measured values 
of guard system resistance) were made, 
the resistivities reported below corre- 
sponding to the corrected values of 
measured surface and volume resistance. — 
(The effects of low guard system resist- _ 
ance are fully treated in the revision of 


A.S.T.M. D257 now being prepared, 
rendering further discussion of this mat- 
ter unnecessary here.) 

It should be noted that the measured 
resistances were ‘the stable values at- 
tained some five or more minutes after — 
electrification of the specimen. Since 
the purpose of these tests was to compare 
data from the two specimen types, it 
was deemed advisable to thus avoid the 
variations which frequently result from 
trying to make measurements ‘on the 
run.” The typical long-time absorption | 
phenomena (resistance slowly rising to 
a final value) apparently were greatly 
obscured in these relatively wet speci- 
mens. Rather, the volume resistance 
quickly reached a maximum value and 
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then dropped to a somewhat lower value 
which changed only slightly with further 
passage of time. 

In the case of surface resistance the 
effects of time of electrification were 
somewhat different. For long periods 
between tests, the specimen electrodes 
were short-circuited. When surface re- 
sistance was first measured after such an 
extended period, its value increased 
slightly with time until stability was 
finally attained. Surface measurements 
repeated shortly thereafter exhibited no 


deviates from the average for all speci- 
mens by less than 5 per cent. 

The last two columns of Table [J 
list, in a similar manner, the volume 
resistivity computed from the volume 
resistance on two difference bases. The 
first of these entailed the use of Eq. 8 
where the effective radius of electrode 1 
appears as (7, — 6); the second set of 
volume resistivities was calculated on 
the assumption that the effective radius 
was 7. Considering the usual variations 
in properties from specimen to specimen, 


TABLE Il.—SURFACE AND VOLUME RESISTIVITIES—XXX LAMINATE 85 PER CENT RELA’ 
HUMIDITY AT 25C. RELATIVE 


Exposure 
Period, 


Specimen Type 
days 


Surface Resistivity, 


| Volume Resistivity, 7, ohm in. 


7,9 Effective Radius 
=ro—-6 


Effective Radius 


vo 
Ne 


| 
Sas 


1.75 
1.90 
1.68 


27 


Average 


x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 


such characteristics, resulting always in 
the stable values attained in the first 
test of the given series. Field (2, p. 7; 
5), as well as Thompson and Mathes 
(6), previously has reported similar 
effects. 

It is impossible to present here all of 
the data thus obtained in comparing the 
two specimen types. An entirely repre- 
sentative set of results is shown, how- 
ever, in Table Il. The third column 
lists, for each of the several exposure 
periods, the average surface resistivity 
determined from measurements on the 
4-in. diameter disks, that from the 2-in. 
disks, and finally, the average value from 
all specimens of the given material. It 
will be observed that the average surface 
resistivity for either type of specimen 


even of the same material, the agreement 
of the volume resistivities from the two 
specimen types is remarkable on either 
basis of computation. It is believed, 
however, that the resistivities computed 
on the assumption of an effective elec- 
trode radius equal to 79 probably are 
more nearly correct. 

In this latter connection, it must be 
remembered that the electrode configura- 
tion analysis for the resistance between 
electrodes 1 and 3 assumed an isotropic 
medium. The relation in Eq. 8, thus 
obtained, was verified by the measure- 
ments on carbon disks which were rela- 
tively homogeneous and isotropic. The 
laminates, however, are anisotropic; 
resistivity parallel to the laminations 
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being somewhat lower than that in the 
serpendicular direction. Fringing at the 
outer edge of electrode 1 probably was 
seater than normal, and the effective 
electrode radius thereby increased. 

At any rate, the relatively wide 
vergence at the end of the first day, 

mpared with the relatively close agree- 
ment after 10 days, indicates a more 
rapid absorption of moisture for the 2-in. 
disks than for the larger ones. This 
gems to be consistent with the previous 
findings of Kline (7) and his associates 
regarding the effect of specimen propor- 
tions on moisture absorption by plastics. 

CONCLUSIONS 


From the foregoing analysis and ex- 
perimentation, conclusions may be drawn 
1s follows: 

1. With properly proportioned speci- 
men and electrode dimensions, the 
three-electrode disk arrangement is well 
suited to direct evaluation of surface re- 
sistance and resistivity for wide ranges 
of ambient conditions and material 
roperties. 

2. With such proportioning this ar- 
rangement is also well suited to volume 
resistance and resistivity evaluations 

ith the same specimen. 

3. The recommended specimen and 
electrode dimensions (Table I) are satis- 
lactory and convenient to use, allowing 
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the evaluation of relatively high resis- 
tivities with measuring equipment of 
moderate range. 

4. The major disadvantage of the 
method arises in connection with its 
application to laminates. It cannot 
readily be applied to evaluation of 
volume resistivity parallel to the lamina- 
tions; and the anisotropy modifies the 
effective electrode radius used in comput- 
ing resistivities perpendicular to the 
laminations. 

5. All factors considered, however, 
the technique is superior to that de- 
scribed in A.S.T.M. Methods D 257 — 46 
where none of the pertinent considera- 
tions are discussed. 

6. The two-dimensional analysis re- 
sulting in Eq. 1 and Fig. 4 provides a 
means of evaluating the relative effec- 
tiveness of many possible electrode ar- 
rangements other than the disk system 
discussed herein. 
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‘LEXURE TESTING OF PLASTIC MATERIALS* 


_ Seven factors concerning flexural testing of plastics were subjected to 
theoretical and experimental investigation: The effects of radius of the load- 
ing edges, amount of beam overhang, excessive beam curvature, horizontal 
force components at the supports, choice of span-depth ratio, variability of 
material, and the relationship between flexure, tension, and compression. 
The work was restricted to rectangular beams, simply supported and loaded 
at the midspan. Two phenolic laminates were used to represent stiff plastics; 
cellulose acetate and vulcanized fiber were used as ductile materials. Tests 
were conducted on a hydraulic tester in a room at controlled conditions. 

The results show that appreciable effects are caused by horizontal force 
components at the supports; by varying the radius of the loading edges; or by 
ignoring the variability of commercial materials. Effects due to varying the 
beam overhang or due to excessive beam curvature are shown to be negligible 
ordinarily. Application to one material of the flexure-tension-compression 
correlation outlined by Nadai indicates that nearly pure tensile and compres- 
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SYNOPSIS 


sive stresses exist within bent beams of this material. 


The rapid growth of the plastics in- 
dustry has led to a wide application of 
these materials to an extent which is 
often out of proportion to the existing 
knowledge of their structure and physi- 
cal properties. The present state of 
knowledge is indicated by the fact that, 
of the 80-odd tests formulated by the 
A.S.T.M. for various physical proper- 
ties of plastics, about three fourths are 
tentative standards subject to con- 
siderable revision as data become avail- 
able. 

Because flexure tests are relatively 


has become routine. It was the purpose 
of this study to investigate the flexural 
strength of several plastic materials with 
respect to some of the factors expected 
to be of importance. Emphasis was 
given to plastic laminates, for at presen! 
the laminates find more extensive struc 
tural application than do the homo 
geneous plastics. Future experimenter: 
might do well to investigate materia’ 
that are more homogeneous. Such m2 
terials should be more ideal from the 
standpoint of mathematical treatment. 


REVIEW OF LITERATURE ON PLASTIC 


easy to carry out and because structural 
‘materials in use are very often subjected 
to bending loads, the measurement of 
flexural strength (modulus of rupture) 


 * Presented at the Fifty-second Annual Meeting of 
the Society, June 27-July 1, 1949. 

| University of Delaware, Newark, Del. 
dress. University of Illinois, Urbana, 


Present ad- 


IN FLEXURE 


Since the plastics industry is sti! 
young, the amount of recorded inform: 
tion concerning plastics in flexure § 
rather meager. Some variables whic 
are of interest but which are not studie? 
in this paper, have been investigate’ 
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previously. They include temperature 
effects (3, 4, 5, 8, 11, 12),? continuous ex- 
sure to heat (4, 7), humidity (4), aver- 
ge molecular weight (3), outdoor weath- 
ering and simulated weathering (6), and 
speed of test (19). 


| 


cellulose acetate or polystyrene as meas- 
ured by maximum fiber stress, yield 
point, or stress distributions at the con- 
tacts. These conclusions are discussed 
subsequently in this paper. 


The effect of span-depth ratio, also — 


Fic. 1.—Apparatus Used for Flexure Tests. 


The effect of radius of loading edges, 
one of the subjects treated in the present 
investigation, is covered in the work of 
Nason which is presented in a review by 
Zinzow (19). It is stated that the radius 
of the loading edges has no effect on 


PF ? The boldface numbers in parentheses refer to the list 
ot references appended to this paper, see p. 117. 


treated in this paper, is discussed in an 
excellent paper by Tucker (16). Tucker 
reasoned that an increase in the span 
should cause a reduction in the flexural 
strength because of an increase in the 
probability of some weak spot being 
subjected to a load sufficient to break it. 


ny 
“ 
| 
7 
\ 
J 
| 


1094 WESTWATER ON FLEXURE TESTING oF PLASTICS 

Data published later by Zinzow (19), The natural variability of physical Fig. 
Turner and Thomason (17), and Schoen- materials is emphasized by Tucker. A to th 
born, et al (14) verify the prediction. The discussion of variability is also given by tach¢ 
theory of Tucker is based in part on Turner and Thomason (17), and six ob- na 
probability considerations, as set forth served distribution curves are presented, In 


by Weibull (18), and does not take into 
account such factors as horizontal forces 
at the supports. 

The probability theory predicts that 
the value of the flexural strength should 
be independent of beam width. This 
prediction is likewise verified by the data 


Variability is treated also in this paper, 
APPARATUS 


The tests were made in a hydraulic 
Baldwin - Southwark universal tester, 
The apparatus has three load scales 
(600, 6000, and 60,000 Ib.), and the ac- 


ion Jig Used for Indentation Tests. 


of Schoenborn (14), as well as by some 
data given by Tucker for concrete. 
Tucker’s theory states that the predomi- 
nant effect of increasing beam width 
should be a decrease in the scatter of 
the data, the standard deviation being 
inversely proportional to the square 
root of the beam width. It is shown 
also that a centrally loaded beam should 
be stronger, theoretically, than a beam 
loaded at the one-third points, and the 
relationship between the two types of 
tests is developed by Tucker. 


curacy of the load indication is claimed 
by the manufacturer to be 0.5 per cent 
of the load or 0.1 per cent of the scale 
range, whichever is greater. An O. S. , : 
Peters, Selsyn-motor type deflectometer 
was used to measure deformation, and 
the load versus deformation curves were 
recorded automatically during the tests. ( 
Six magnifications of deformation were 
available, ranging from 5:1 to 200:1. 
The accuracy of the indicated deforma- 
tion is about 0.0003 in. at best. A partial 


view of the deflectometer is shown in 
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Fig. 1. The load was applied directly 
to the beams by means of a plunger at- 
tached to the loading nose and sliding 
ina guide as shown in Fig. 1. 

In order to study the effects of the 
radius of the contact edge, a special 
flexure test-rig, so constructed as to make 
possible an easy interchange of various 
supports and loading noses, was made 
available by the research laboratories of 
the Monsanto Chemical Co. This ap- 
paratus is partly visible in Fig. 7. 

To carry out the study of indentation 
eflects, a Sonntag compression jig was 
utilized as illustrated in Fig. 2. Three 
cylinders (3-in., 4-in., and §-in. diame- 
ters) were used. Loads were applied 
and indicated by the universal testing 
machine. Deformation was measured 
by means of the deflectometer. The 
sensitive tip of the deflectometer was 
located beneath the piston of the jig 
initially (as is shown in Fig. 2), but for 
the later tests the deflectometer tip was 
located beneath the overhanging portion 
of the cylindrical indenter tool. The 
measurement obtained by the latter 
scheme consists of the true indentation 
plus sample compression and _ jig-base 
compression. The jig-base compression 
was computed to be extremely small; 
in fact, for a load of 5000 Ib. the defor- 
mation was only 0.000087 in. The com- 
pression of the specimen may not be 
negligible, but it is not clear how this 
factor should be evaluated. 

All test equipment was located in a 
constant-temperature, constant-humid- 
ity room controlled at 7741F., 50+ 
2 per cent relative humidity. All tests 
were carried out at these conditions. 


PROCEDURE 
Conditioning: 


1 


The plastic materials were commercial 
grades and were obtained as full-size 
sheets directly from the manufacturers. 
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The sheets were cut into test specimens . 
at the University and were stored in the © 
constant-temperature, constant-humid- 
ity room until used. Most pieces were | 


ing period after sectioning less than 20 _ 
days per inch of thickness. Because 
vulcanized fiber containing traces of 
moisture has an extremely low stiffness, 
the cut specimens of this material were 
oven-dried at 50 C. for 72 hr. and were 


then stored in calcium chloride desic- 


cators at 77 F. until used. ee 


Where possible, the tests were made 
to conform with A.S.T.M. Tentative 
Methods of Test for Flexural Properties 
of Plastics (D 790-45 T).* Only rec- 
tangular beams, simply supported and 
loaded at the midspan, were used. The ~ 
crosshead speeds corresponded with these _ 
specifications and the modulus of jake 
ity was computed in the manner de- 
scribed therein. Usually one variable 
only was allowed to change, and that 
was the particular factor under investi- — 
gation. At least four duplicate flexure 
specimens were tested at each set of con- 
ditions. 


Flexure Tests: 


Indentation Tests: 


The specimens were rectangular aul 
measuring 3 by 3 in. by sheet thickness. 
Three tests were made on each slab, 
employing each of the three cylinders 
once. The indentations were made at 
the quarter points and at the midpoint 
of the test slab. The geometrical axes 
of the cylinders were oriented at right 
-_= to the long dimensions of the 
slabs. The tests were conducted at a 
constant rate of loading, the value chosen 
being 3000 lb. per min. Five duplicate 
tests, using five different specimens, 


were made for each indenter. 
3 1946 Book of A.S.T.M. Standards, Part III-B, p. 858. 
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Tension and Compression Tests: 


The tests to investigate the tension- 
compression-flexure correlation were 
made in accordance with A.S.T.M. 
Tentative Methods of Test for Compres- 
sive Strength of Plastics (D 695 — 44 T)‘ 
and for Tensile Properties of Plastics 
(D 638-46T)® as nearly as possible. 
The deviations from these specifications 
were minor. 


‘THEORETICAL CONSIDERATIONS 


The flexure formula for ‘‘simple” 
beams, takes various forms when effects 


41946 Book of A.S.T.M. Standards, Part III-B, p. 824. 
5 Ibid, p. 899. 
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of various factors are brought into cop- 
sideration. A simple beam is meant 
here to be one which is supported near 
the ends, which is loaded at the midspan, 
and which has a rectangular cross-sec- 
tion. The loading contacts are assumed 
to be cylindrical. 


Common Flexure Formula: 


The flexure formula in its most simple 
form is derived in many textbooks (13). 


3PLy 


2bd? 

All symbols are defined in the section on 
nomenclature. 

The following assumptions are uti- 
lized in the derivation: 

1. The proportional limit is not ex- 
ceeded. 

2. Modulus of elasticity in tension is 
the same as in compression. 

3. The span does not change during 
a test. 

4. No horizontal forces develop at the 
supports. 


Smax = 


a 


REDUCTION IN SPAN PER CENT 


GRAPH 


OF PRL/BEI = 
T 


- 


| 
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GROUP = PRL-/E! 


‘Fic. 4.—Theoretical Change in Span for Simple Beams under Load. 
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5. No stress concentrations develop at 
the contacts 

6. The slope of the neutral axis is 
small at all points compared to unity. 

7. The strain of any “fiber” is pro- 
portional to its distance from the neutral 
axis. 

8. Shearing stresses are negligible. 

9, The loads are in one plane and are 
perpendicular to the neutral surface. 

10. The beam is narrow. 

It is desirable to derive a flexure 
formula which does not involve any of 
the above assumptions. ‘This is a very 
dificult problem, but by considering 
some of the factors one at a time it is 
possible to demonstrate their effects as 
shown below. 

Correction for Span Shortening: 

A significant change in span can occur 
during a test only if the radii of curva- 
ture of the end supports amount to a 
reasonable fraction of the span. In no 
case can the span reduction exceed the 
sum of the radii of the two supports. 
The amount of span reduction is a 
function of the support radii, the original 
span, the’ specimen thickness and width, 
the modulus of elasticity of the specimen, 
and the load. For stresses within the 
proportional limit, the change may be 
predicted mathematically. 

Considering Fig. 3, the original half- 
span [y/2, is seen to be decreased by the 
amount, a, due to the rolling or slipping 
of the beam on its end supports. The 
point (x, y) on the neutral axis of the 
beam fulfills the condition: 


y"EI = Mg.......... (1) 


All the assumptions enumerated, ex- 
cept the third, are implied. In this 
case, M, = P(x-a)/2. It is realized that 
in actuality, the expression cannot hold 
strictly, for a reduction in span must 
give rise to horizontal reactions. This 
factor is considered in the following 
section. Integrating the equation once 


= 
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and substitution of the conditions, Z 


in» A » » 


y’ = O at x = and y’ = — 
= a, gives the expression: 
P(I — 2a)” a 


By use of Eq. 2, one may compute the 
amount by which the span decreases, 
2a, for a given set of conditions. A trial 
and error procedure is required for this 
purpose. However, it is frequently con- 
venient to assume a’? small compared to 
R’, and this leads to a somewhat simpler 
expression. The error introduced by 
this assumption amounts to only 3 per 


~ Y-AXIS 


Y-AXIS 


Fic. 5.—Horizontal Reaction during 
Bending Test. 


cent for a beam forming an angle of 14 

deg. with the horizontal at the supports. | 
That is, the computed span change, 2a, ‘ 
will be off 3 per cent; the computed span 

will not be in error this much. Apply- 

in, the assumption, R? >> a’, leads to: 


5 = (i (Approximate) . . (3) 
where: 
a= dimensionless 
«= i fractional reduction of span 


0 


Eq. 3, the approximate form, may be 
graphed conveniently as shown in Fig. 4. 
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Correction for H orizontal Thrust: 


As a simple beam is pushed down be- 
tween its end supports, the beam exerts 
an outward thrust against the supports. 
If frictional forces develop against the 
supports, they have additional inward 
components. Results obtained to date, 
however, indicate that the frictional com- 
ponents are negligible for the few sets of 
conditions studied. A mathematical 
evaluation of the effects of horizontal 
thrust follows. All the enumerated 
assumptions except the fourth are implied 
in the derivation. 

Referring to Fig. 5, the maximum unit 
stress, which can arise due to the bend- 
ing caused by P and the bending and 
compression caused by the horizontal 
force, 7, may be expressed as: 


3PLo 


= 


+ [64 3d 


The maximum tensile unit stress is 
found by using the negative sign on the 
last term; the maximum compressive 
unit stress is found by using the positive 
sign. 

During ordinary flexure tests H is not 
measured, so an analytical method of 
arriving at its value is of interest. Con- 
sidering the point (x,y) on the neutral 
axis of the beam shown in Fig. 5, —y” 
EI = In this case Mz = Px/2 
+ H(y-c). Note that H may either 
increase or decrease the bending, de- 
pending on whether y is greater than c 
or less than c. Substituting and letting 

= H/(EI): 


y” + = —Px/(2EI) + k’c. .(6) 
By integrating and using the condi- 


tions y = Oat x = Oand y’ = Oat x 
= [,/2, one obtains the solutions: 
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P sin kx 
—c cos kx + 2Hk cos * 


P cos kx 


2 


— ck(cos kx) (tan ... (8) 


and 


y’ = ck sin kx + 2H cos 


2 2H 


These two equations are not particularly 
useful as they stand, but if the hori- 
zontal force contains no component due 
to friction, then the resultant of H and 
the vertical reaction must be perpendicu- 
lar to the neutral axis of the beam, as 
shown in the sketch. If friction is ap- 
preciable, the resultant will not be at 
the angle @. But assuming negligible 

2H 
friction, y’ = tan @ = 


If this is substituted in Eq. 8, one ob- 

tains: 

2H =P _ 

(Exact form, 


2 no friction) 


at x 


— ck tan - . (9) 
This equation may be used to compute 
the horizontal thrust, 7, for any given 
sets of P, E, and J. A trial and error 
procedure is required. Once J is calcu- 
lated, the simple flexure formula may be 
corrected to allow for both the bending 
and the compression caused by H, using 
Eq. 5 given above. 

The behavior of a beam loaded at the 
midpoint, supported at the ends, and 
which has horizontal components of 
force at the end supports is somewhat 
similar to the behavior of a compressed 
column sub jected to a single lateral load. 
_ The latter case is considered in a mono 
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sraph by Timoshenko (15) and served as 
, guide for the development of Eq. 9 
ibove. This equation is analogous, but 
ot identical, to that of Timoshenko. 

Equation 9 has the undesirable feature 
if requiring a trial and error solution, but 
fortunately an excellent approximation 
may be employed frequently. By math- 
ematical manipulation the approximate 
expression 


H = 
(10) 


isobtained. Jor beams no thicker than 

1 in. and with customary span-depth 

ratios, the error inherent in the approxi- 

mations amounts to about 2.5 per cent 
Ly H 


2V EI 4 


H 
of Er’ the error increases. 


Equation 10 is useful for predicting the 
horizontal thrust and for predicting the 
magnitude of its effect on the results of 
a flexure test. The approximate value of 
H is usually sufficient for substitution in 
Eq. 5 to estimate the correction called 


(Approximate form, no friction). . 


For greater values 


forth by H. Combining Eqs. 5 and 10: 
. _ 
Smax = (1+ 2)... (11) 


where \ is given by PLy (6A — 4d)/ 
(48F1). The magnitude of ) is discussed 
later as the data are presented. 


Correction for Both Horizontal Thrust and 
Span Shortening: 


It is possible to combine the results of 
the two previous derivations and thus 
to make simultaneous corrections for 
horizontal thrust and for span shorten- 
ing. This was carried out, but the re- 
sulting relationship is so complicated as 
to discourage its use. It is more prac- 
tical to correct successively for hori- 
zontal thrust and span shortening, using 
the methods above. 
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Correction for Large Slopes of Neutral 
Axis: 


When the slope, y’, of the beam neutral 
axis is not small compared to unity, one 
cannot use the simple relationship be- 
tween the derivative of the slope, y”’, 
and the radius of curvature of the beam 
itself, p: 


1/p = y” 
Instead, the exact relationship between | 
the three values must be employed: 


1/p = y”/ [1+ (y’)*P? 
(Exact) 


This is inconvenient to use because the 
solution for the deflection is in the form 
of an infinite series. Boyd (2) integrates 
the above expression for the case of a 
cantilever beam bearing one concen- 
trated load at the free end. With 
Boyd’s solution to this one case as a 
guide, it is straightforward to derive 
the series applicable to simple beams. 
The soluton will not be carried out here, 
for the interested reader may follow 
Boyd’s procedure. 

The slope of the neutral axis at the | 
end supports becomes: 


0) 


16EI\ 
PL 


The approximate form, found by using 


(Approximate) 


y’ (atx = 


(Exact).. (12) 


the common assumption of y’”’ = 1/p is: 
—1 
y’ (at = 0) = 
PL 
(Approximate).... (13) 


Actually, the approximate form is usu- 
ally satisfactory. At low loads, that is 
low values of P, Eqs. 12 and 13 give the 
same results to three or four significant 
figures. Even under more drastic con- 
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ditions the agreement is good. Using 
some data for vulcanized fiber near its 
breaking point at a span-depth ratio of 
16:1, the exact equation gives a pre- 
dicted slope of 6.1655 while the approxi- 
mate form gives 0.1635. These values 


Grade X Laminate. 


are in good agreement with one another 
but they are far less than the measured 
value of the slope, which was about 0.5; 
this is because Eqs. 12 and 13 were de- 
rived with the horizontal thrust neg- 
lected. Nevertheless, since this speci- 
men showed the greatest amount of 
bending (compared to the span) in any 


Fic. 6.—Fractures Obtained with Variable Overhang. 
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of the tests in which the uepe wes mus: 
ured, it is sufficient to demonstrate that 
the use of Eq. 12 does not yield a correc. 
tion of the first order. The correction 
is much less than that caused by hori- 
zontal thrust. 


Overhangs of 4%, 4, 1% in. 


If a prediction of deformation is 
desired, the series expression is required: 
PL Pa 

4EI 
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ror deflections of about 8 or 10 per cent 

(the span, the deformation calculation 

schanged by about 2 per cent by using 

fg. 14 instead of the common form. 

Note that the common form may be 

tained from Eq. 14 by dropping all but 

e first two terms on the right-hand 

eof the equation. 

\ more recent treatment of the prob- 

, of large curvature of beams is given 

Bisshopp and Drucker (1). 

tegrals are used and no reference is 
de to Boyd’s method. 


rrelation Between Tension, Compres- 
ion, and Flexure: 


According to theory, the stress-strain 
ehavior of a material in tension and 
mpression should be sufficient to pre- 
t its behavior in pure bending. 
Nadai (10) outlines the method and 


erives the equation: a 


y 


bd 
4 (e, S-e-de..(15) 


Shear stresses are neglected, and it is 
sumed that a plane cross-section of the 
am before bending remains plane as 

e load is applied. The loading con- 
tacts are assumed not to give rise to 

eclal stress concentrations. The deri- 

tion of the equation is too lengthy for 
reproduction herein. ‘The development 
shows that work done in producing pure 
ending of a bar is equally divided into 
ork of compressing the fibers subjected 

compression and work of stretching 
he fibers subjected to tension. 

Since simple beams as frequently 
ested (three contact edges) do not 
indergo pure bending, the above equa- 
ton should not apply strictly. How- 
‘ver, even in such cases it might be 


‘xpected often to be a close approxi- 
mation. 


Elliptic 


TESTING OF PLASTICS 


DISCUSSION OF RESULTS 
Overhang at Ends of Beam: 


As one portion of the investigation, a 
systematic study of the possible effects 
of beam overhang was undertaken. 
Simple beams having span-depth ratios 
of 4, 8, 12, and 16 were used. The beam 
overhang at each end varied from as 
little as 6 per cent to as much as 150 per 
cent of the span. A paper-base phenolic 
laminate (grade X) and a cloth-base 
phenolic laminate (grade C) were used 
as examples of stiff materials, while 
vulcanized fiber (Bone grade) was chosen 
as a ductile material. Detailed speci- 
fications for these materials are avail- 
able in A.S.T.M. Tentative Specifi- 
cations for Laminated Thermosetting 
Materials, D709 —-46T* and in Tentative 
Specifications for Vulcanized Fibre 
Sheets, Rods and Tubes used for Elec- 
trical Insulation, D710 43T". 

Within the range of variables studied, 
the effect of beam overhang was found 
to be insignificant with respect to 
breaking load, deflection at break, and 
modulus of elasticity. However, at 
small span-depth ratios the mode of 
failure was influenced by the amount of 
overhang. Photographs of typical fail- 
ures at a small span-depth ratio are 
shown in Fig. 6. 

For elastic materials, horizontal shear 
is inversely proportional to span-depth 
ratio. At a span-depth ratio of four, 
horizontal shear is frequently quite 
appreciable. ‘Twenty-six tests reported 
herein (grade-X, 1-in. span, j-in. depth, 
3-in. wide) were made at a 4:1 ratio. 
The overhang for these tests was varied 
from 7g in. at each end to 13 in. Most 
of the samples at each overhang gave 
normal failures, with the bottom fibers 
breaking, in tension at the span center. 
Examples are specimens A, C, and F in 


#1948 Supplement to Book of A.S.T.M. Standards, 
Part III-B, p. 43. 
1 Ibid. p. 56 
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Fig. 6. However, for the smallest over- for overhangs of } in.: specimen D, Fig. 
hang some pure shear failures were 6, is an example. For the large over. 
noted. All were of the type shown for hand, 13 in. at each end, no shear fail. 


® Fic. 7.—Span Shortening Due to Use of Supports with Large Rad 


Radius of curvature of all contacts = 4in. Beam span = 2 in., thickness = \% in., grade C laminate- 


specimen B in Fig.6. This shear break ures extending into the overhang were 
extended all the way to the sample end, observed. Specimen G in Fig. 6 shows 
passing through the overhang portion. that when a shear fracture did occur, it 
Similar pure shear fractures extending did not progress beyond the beam sup 
through the overhanging end occurred port. For this case, the sample cracked 
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st the end supports due to the stress 
concentrations there, and this failure 
progressed upward to meet the shear 
facture. This kind of combined-stress 
gilure occurred also for samples with 
intermediate overhang (specimen 
E, Fig. 6, is an example), but it did not 

ur for any samples having 7¢-in. 
verhang. 

It is concluded that a large amount of 
eam overhang may be used to minimize 

urrence of pure horizontal shear 
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that flexural strength must t be a function 
of loading edge radii. The load re- 
quired to cause failure is quite different 
for these two extreme cases. Various 
committees of the Society concerned 
with testing of plastic materials have 
been unable to agree as to what con- 
stitutes a proper loading edge radius; 
several different radii are specified in 
the different methods. 

Some data obtained by H. K. Nason 
(19) with beams of polystyrene and of 
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lures for materials of low span-depth 
ratio subjected to flexure, but it does 
t follow that a strength increase will 
eobtained. It is conceivable that the 
initiation of failure is due to combined 
stresses and that after failure is initiated 


{May progress in either tension or 
shear, 


Radii of Loading Edges: 


Since a contact edge radius of zero 
orresponds to a sharp knife-edge while 
an infinite radius corresponds to a uni- 
formly distributed load, it is obvious 


0.15 0.20 0.25 


AT MID-SPAN, IN. 


Fic. 8.—Effect of Radius of Loading Edges. 
Grade C laminate, span = 2.00 in., width = 0.500 in., thickness = 0.131 in. 


cellulose acetate using loading edge radii 
of from ¢z in. to 1 in. indicate that this 
variation in radii does not affect the 
flexural properties of these materials 
lune beams were 3-in. thick, and the 
span was held at 4 in. Even photo- 
elastic studies failed to indicate any 
differences in stress concentrations at 
the supports for the different radii. 
Since cellulose acetate and polysty- 
rene are very ductile materials and 
would, therefore, be capable of relieving 
stress concentrations, it is conceivable 
that extreme differences in loading edge 
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radii are required to produce a noticeable 
change in their behavior in flexure. 
For this reason, two plastic materials 
of poor ductility (relative to cellulose 
acetate) were tested as beams using 
various contact radii. The test appa- 
ratus used by Nason was made available 
for certain of the tests reported herein. 
A change in radii of the loading edges 
causes a number of effects, two of which 
are the span shortening during deflection 
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The effect of loading edge radii op 
shortening of span may be worked oy 

mathematically as shown above. Hoy. 
ever, changes of loading edge radij may 
also affect the indentation at the Sup. 
ports, horizontal thrust at the supports, 
and perhaps other factors as well. 

The load versus deformation curves 
obtained with six sets of loading edges 
are shown in Fig. 8 for a cloth-base 
phenolic laminate. The curves for the 
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VULCANIZED FIBRE 
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OBSERVED 


and indentation as load builds up at the 
loading edges. 

1. Span Change.—At the start of a 
flexure test, a simple beam is in contact 
with the loading edges at three locations 
as shown in the upper view of Fig. 7. 
As the load is applied, the point of con- 
tact at each of the outer supports shifts 
inward and downward, moving along 
the surface of each support. This is 
evident in the lower view of Fig. 7. For 
this particular example, a 4-in. thick 
material at a 16:1 span-depth ratio with 
}-in. radius contacts, the span decreased 
by 10 per cent. 
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Fic. 9.—Effect of Radius of Loading Edges. 


Upper graph: vulcanized fiber, span = 3.00 in., width = 0.500 in., thickness = 0.260 in. 
nate, span = 2.00 in., width = 0. '500 i in., thickness = 0.131in. Note. 


Lower graph: grade C lami- 
Each point represents the average of 6 tests 


@i-, 3z-, and radii are close to 
gether, but the larger radii give higher 
curves. Each curve shown represents 
the average for six tests. The curves 
shown in Fig. 8 are all corrected to 4 
constant sample width of 0.500 in. and 
a fixed thickness of 0.131 in. 

It is of interest to see whether the 
effect of supporting edge radii agrees 
quantitatively as well as qualitatively 
with the derived relationship. The 
modulus of rupture obtained with the 
¢-in. contacts was, therefore, defined 
as standard and values of the modulus 
of rupture for other contacts were prt 
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Fic. 10.—Study of Variable Loading Nose. 


6 
Nose radius = 4 in., support radii = % in., load = 62.5 Ib. 7 


Nose radius = 4 in., support radii = 4% in., load = 62.5lb, 
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dicted from Eq. 3. The results are 
shown in the lower half of Fig. 9. The 
predicted effect is seen to be in the cor- 
rect direction, but the observed increase 
in the apparent modulus of rupture is 
seen to be more than is predicted, espe- 
cially for the larger radii. 

The upper half of Fig. 9 shows a com- 
parison of theory and _ experimental 
results for vulcanized fiber, tested with 
different contacts. If the data for the 
gi-in. contacts are retained, the agree- 
ment between observed and estimated 
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that the principal effects of varying the 
loading edge radius were due to span. 
shortening, at least for the relatively 
hard grade C material, a separate series 
of tests was made to demonstrate the 
fact. For the new tests on the grad 
C laminate, only the radius of the middle 
nose was varied. The end contacts were 
kept constant at a radius of § in. Even 
without a statistical analysis, it was 
quite apparent that the middle loading 
nose did not have a noticeable effect on 
modulus of rupture, modulus of elastic. 
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Fic. 12.—Indentation of Cylinders into Vulcanized Fiber. 
Sample width = !4 in., thickness = \ in., loading rate = 3000 lb. per min. 


values is poor. On the other hand, if 
it is assumed that at a radius of ;y in. 
the contacts begin to cut or otherwise 
damage the vulcanized fiber, then the 
remainder of the data agrees with the 
theory as well as do the data for the 
harder material, grade C_ laminate. 
Therefore it is concluded that an increase 
in the radius of the supporting edges will 
lead to an apparent increase in beam 
strength and that a conservative esti- 
mate of the new strength value may be 
obtained from Fig. 4. 

Although it was reasonably certain 


4 


004 006 


ity, or defection at break. Some photo- 
graphs, of which two are included, were 
taken during these tests. An examin 
tion of the pictures, Figs. 10 and 1l, 
shows that the area of contact between 
the middle loading nose and the test 
specimens is quite small, even for the 
large loading nose. In addition, the 
radius of curvature of the beams at the 
midspan is practically the same in both 
tests. 

2. Indentation.—When a plastic mate 
rial is tested as a beam, the indentatio 
which occurs at the contact edges & 
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ysually great enough to be easily visible. 
Itseemed advisable to make an estimate 
{the type of stresses set up at the sup- 
sorts and to determine the load versus 


indentation relationship existing at the 
supports. The latter relationship is 
particularly important since most de- 
lectometer tools, including the one used 
lor the flexural tests in this laboratory, 
measure indentation at the supports as 
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well as beam deflection 
flexure test is made. 


into a cloth-base phenolic laminate, 


Fic. 13.—Indentation Study of Vulcanized Fiber. 
Diameter of indenter = \% in., load = 4000 lb. per in. of width. 


Fic. 14.—Same as Fig. 13. 
-Load = 5360 Ib. per in. of width. 


whenever a 


Indentation data for cylinders pressed 


cellulose acetate, and vulcanized fiber 
were obtained, and part of these are 
shown in Fig. 12. Each curve shown 
was obtained by carefully averaging 
curves for five duplicate specimens. 

An attempt to correlate results using 
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the different sizes of indenters led to only 
approximate results. It was found that 
the volume of displaced plastic is almost 
proportional to the load applied taken 
to the three-halves power. To deter- 
mine the “displaced volume” of plastic, 
indentations were measured; this pro- 
cedure actually leads to a measure of the 
volume of displaced space passed through 
by the indenter in its relative motion. 
An important question which may be 
answered by use of the indentation data 
is whether the amount of indentation 
which occurs during a flexure test is 
sufficient to produce an important error 
in the deflection measurements. With 
the deflectometer used for the flexure 
tests reported herein, any indentation at 
the two end supports was recorded as 
deflection. Indentation caused by the 
middle loading nose was not recorded. 
Use of the indentation data to estimate 
the amount of indentation at the end 
supports shows that for no test included 
in this study was the indentation at break 
more than 1.6 per cent of the sample 
deflection. For most of the tests in- 
cluded herein, the indentation amounted 
to less than one per cent of the deflec- 


tion. This error in the deflection meas- 
urements is not considered to be 
important. 


It is interesting to note the large 
difference between the indentations for 
different materials. For example, con- 
sidering a load of 100 lb. on a 3-in.- 
diameter cylinder on a sample 1 in. 
wide, the indentation is 0.002 in. for 
cellulose acetate, 0.0015 in. for vulcan- 
ized fiber, and 0.0007 in. for grade C 
laminate. 

Some interesting photomicrographs 
are shown in Figs. 13 and 14. Astriking 
fact is that these figures show curved 
interesecting slip lines. Lines of this 
type have previously been discussed by 
Nadai (9) and others for elastic bodies 
in contact, and it has been shown that 
the lines are caused by shear slippage 
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occurring along lines of principal stress 
The shear stresses approach very high 
values at the contact surface, and jy 
Fig. 14 it is seen that two major shear 
cracks extend outward from the contact 
area. 


Horizontal Forces at End Supports: 


During the bending of a beam, its 
natural stiffness tends to push apart the 
supports, while the friction between the 
beam and supports tends to pull the 
supports together. A simple deter. 
mination of the role of friction was made 
by conducting flexure tests in the usual 
manner and then duplicating the tests, 
using a lubricant on the end supports. 
Eighteen specimens of grade X, paper- 
base phenolic laminate were tested at a 
span-depth ratio of 8:1, half being used 
with lubricated supports (a general: 
purpose grease was employed) and half 
with “dry” supports. The experiment 
was later repeated using ten pairs of 
samples but with a span-depth ratio of 
16:1. The specimens were 3} in. wide, 
1 in. thick, and rested on 32- in. radii 
supports. An analysis of the values by 
means of the common t-test shows n 
statistically significant difference be 
tween specimens tested dry and thos 
tested with greased contacts. This re 
sult means that no appreciable frictional 
forces exist at the beam supports for 
this one material tested on 35-in. 
It is highly probable that many other 
materials behave in a similar manner. 
If no friction exists, then an outward 
thrust only is exerted on the supports, 
and in the elastic region this may be § joi, 
estimated mathematically as outlined sinc 
in the section on Theoretical Consider § te , 
tions. 

Equation 9, and its simplified approx 
mate form, Eq. 10, describe mathemat- 
cally the idealized relationship betwee 
the horizontal thrust and the load 
mid-span. Plots of these two variables 
using Eq. 9, are shown in Fig. 15 
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dotted lines. For the fully-loaded vul- 
canized fiber at a span-depth ratio of 16, 
the predicted horizontal thrust amounts 
to9 per cent of the 'central load or 18 
ger cent of the vertical reaction at each 
support. In order to test the derived 
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The values are shown plotted in Fig. 15. 
It is apparent that the derived equation 
gives a correct qualitative interpretation 
of the data, but that the predicted quan- 
titative values are somewhat low in all 
cases. 


16 
VULCANIZED FIBRE 

a 


10 
CALCULATED FROM 


| 
| 
| 


8 ANGLE MEASUREMENTS 
4 i \ 
| 
4 
 |PREDICTED BY €£0.9 
w i¢) 10 20 30 40 50 60 
& P, LOAD AT MID-SPAN, LB 
GRADE-C LAMINATE 
/ 
N 5 
4 
[FROM ANGLE at 
|MEASUREMENTS 
2 | 
PREDICTED BY EQ.9 
0 20 40 60 80 100 120 
P, LOAD AT MID- SPAN, LB. 
Fic. 15.—Horizontal Thrust at End Supports. 
Upper graph: vulcanized fiber, test No. 1976, span = 4.00 in., width = 0.260 in., thickness = 0.263 in.; lower graph 
ade C laminate, test No. 1979, span = 2.00 in., width = 0.254 in., thickness = 0.259 in. radius of all contacts = ¥ in. q 


equation, a measurement of the actual 
rizontal force was desired. However, 
nee a measurement of this type would 
¢ rather difficult, the equation y’ = 
1H/P was used to calculate the hori- 
zontal thrust from the observed slope 
if the beam at the support and the load 
tmid-span. A number of rough slope 
measurements were made, and the corre- 
ponding H values were computed. 


The error in the calculated modulus 
of rupture due to the horizontal thrust zz 
is indicated by the value of \ in Eq. 11. — 

For the two tests shown in Fig. 15, A 
is —0.003 (for the grade C material at 
8:1 span-depth ratio) and +0.028 (for 
the vulcanized fiber at 16:1 span-depth 
ratio). Measured values of P and A 
were used in computing these values. 
This means that the maximum predicted 
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correction to the modulus of rupture is 
2.8 per cent for these two cases. The 
one negative value of \ means that for 
_ that case the bending moment due to the 
horizontal forces opposes the bending 
due to the central load. The positive 
value of \ means that the moments are 
in the same direction. It is clear that 
a predicted moment correction of more 
than 2 or 3 per cent is required only for 


slope of the beam neutral axis is sm,lj 
compared to unity at all points, it js 
important to check this assumption for 
tests with plastic materials. A fey 
rough measurements of the slope of 
plastic beams at the ends were mage 
using cellulose acetate, vulcanized fiber 
and phenolic laminates. It was found 
that the slopes ranged up to 0.25 fo 
some of the softer materials at a span 
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_ Fic. 16.—Averaged Data for Flexure-Tension-Compression Correlation. 
Grade X, Paper Base, Phenolic Laminate. 


_a large span-depth ratio, say 16 or more. 
- However, since the results in Fig. 15 
indicate that at maximum load the cal- 
culated horizontal thrust is about half 
_ the “measured” value, one would esti- 
1 mate the error due to moment correction 
_ to be about double the value of the cal- 
culated A. 


Amount of Curvature: 


Since the flexure formula as commonly 
q used is based on an assumption that the 


depth ratio of 8:1. At greater spat- 
depth ratios, the slope increased. Tit 
particular beams shown in Figs. 10 ant 
11 (grade C laminate) had span-dept 
ratios of 16:1, and their slopes at tht 
beam ends amounted to about 0.5 
The greatest slope measured was 05 
which was for the vulcanized fiber spe 
men demonstrated in Fig. 15 and ds 
cussed to some extent under Theoret 
Considerations. Even this amount @ 
curvature is sufficient to cause only 
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ninor change in the predicted deforma- __ instead of y” in the previous derivations. 
ion. At loads near the maximum, The solutions would be infinite series. 

ding te Relationshi p Between Flexure, Tension, 
the correction due to curvature is not and Compression: 

wth consideration. In addition, the The simple flexure formula may be 
slopes of the beams at the end are not derived by assuming that each fiber in | 
significantly different as predicted by the upper portion of a beam is subjected 
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4, DEFLECTION AT MID-SPAN, IN. 
Fic. 17.—Averaged Data for Flexure-Tension-Compression Correlation. 
Flexure Tests of Grade X, Paper Base, Phenolic Laminate. 


simplified theory and by exact theory, to pure compression and that each fiber 
it is again clear that this correction is in the lower portion is subjected to pure 

sually not of practical significance. tension. The amount of strain in any 
If it is desired to carry through the fiber is assumed to be proportional to its 

orection for large beam curvature, distance from the neutral axis. For 
wever, say for tests in which very metals such as common steels, which are 
ifge span-depth ratios are used, then used frequently under conditions such 
l¢ procedure would be to use: that the working stresses are within the 
elastic range, the assumptions are reason- 

y”/1 + (y’)P? ably valid. In fact, for such materials 
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it is possible to construct the load- 
deflection curve for flexure from a knowl- 
edge of the tensile and compressive 
stress-strain curves. 

For plastics, however, it is doubtful 
that each fiber resists a simple tensile or 
compressive load. Slippage of fibers 
(or flow of the material) may be con- 
siderable (kinking or unkinking of fibers 
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demonstrated, one must conclude that 
for plastics the individual fibers are 
subject to complex stresses and that the 
simple flexure formula should not be 
expected to give reliable results. 

A brief investigation was carried out 
to obtain flexure, tension, and compres. 
sion data under comparable conditions, 
Two separate sheets of grade X laminate 
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pecimen: lengthwise. 
s 

may be important also), and the details 
of test technique that could affect such 
factors (speed of loading is a prime ex- 
ample of a factor affecting flow) may play 
a much more important rdle for plastics 
than for metals. Thus, the degree to 
which a flexure curve for a plastic can 
be correlated with tensile and compres- 
sive data on the same material is an 
indication of how important the test 


variables are. If a poor correlation is 
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Fic. 18.—Flexural Strength Survey. 


1,-in. sheet, grade C, cloth base, phenolic laminate, size of specimen: 5 by \% by 14 in. (span = 4 in.) orientation of 
Values given are thousands of pounds per square inch. 


were used. One was }-in. thick from 
which 6 tension, 9 flexure, and 12 com- 
pression specimens were cut. The other 
sheet was } in. thick from which 8 ten- 
sion, 12 flexure, and 12 compression 
specimens were cut. The speed of test 
was chosen so as to strain the gage 
lengths at 1 per cent per minute for the 
tension and compression tests and a rate 
of 1 per cent per minute for the outer 

most portion of the flexure specimens. 
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The observed data are shown in Figs. 
Each curve shown is the 
werage of its group of multiple deter- 
By use of the tension and 
pression curves, Nadai’s procedure 


and to the span-depth ratio of 16. 
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jected to simple tension or compression | 
loads is not far from the truth. For the 
present, this conclusion must be re- 
stricted to the one material investigated, 
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Fic. 19.—Flexural Strength Survey. 
¥-in. sheet, vulcanized fiber, bone grade, size of specimen: 3% by 1% by \ in. (span = 2 in.) orientation of specimen: 
ngthwise. Values given are thousands of pounds per square inch. 


as followed, and predicted flexure 
teak-loads were obtained. The pre- 
icted load for the }-in. specimens was 
113.3 lb., which is eleven per cent below 
he experimental value of 127.8 }b. For 
the 3-in. specimens the predicted load 
was 240.5 lb., which is 14 per cent below 
the experimental value of 278.1 lb. This 
interpreted to mean that the assump- 
tion that the fibers of a beam are sub- 


specimen 


to scale 


Variability of Material: © 
The natural non-uniformity of com- — 
merical plastic materials is a factor that 
must be kept in mind constantly. The 
variability is so great, as is shown below, 
that careful sampling techniques are re- 
quired in order to study almost any 
physical property of such materials. 


Some results obtained by conducting 
surveys of entire sheets of three com- 
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mercial plastic materials are shown in The numerical results of the surveys 
Figs. 18 to 20. Since the difference for eight sheets are summarized in Table 
obtained between adjacent samplessome- I. The natural variations of the sheets 
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FLEXURAL STRENGTH, 
THOUSAND PSI. 


FLEXURAL STRENGTH, THICKNESS , 


THOUSAND PSI. 
Fic. 20.—Variation of Strength and Thickness for Two Sheets. 


TABLE I.—VARIABILITY OF MATERIALS. 
Results of Surveys Using Entire Sheets. 

N = Number of tests. 

@ = Standard deviation. 


Flexural Strength Crosswise, Flexural Strength Lengthwise, 
psi. | psi. 


| 
Sheet Thickness, in. 


i ‘| Max. | Min. | Avg. | ¢ | reo | Min. | Avg. | | N | Max.| Min. | Avg. 
| 


j 1.011 1.028 
34 25 200 21500 24 356 3 | 29900 25400 27694 1005 47 | 0.759 0.7330.754 % 
| Bebe 26600 22800 25055 5) 53 | 32800 26800 29664 1211) 44 | 0.525 0.5090.520 % 


26 600 | 22 800 24 529 32 200 25100 28791 1070 33 | 1.035 

Paper Base 27 400 23900 25710 950 58 | 31800 26500 29951 1235) 49 | 0.257 0.246 0.253 | Ii 


PhenolicLaminate 29 300 21800 26 356 54 | 33500 25700 30 388 1840 49 | 0.129 0.1200.124 1H 
| @ | 27800 21800 24810 1176 55 | 33000 25700 29775 \1569| 53 | 0.061) 0.057 0.0588 10 


Grade C* | | 21300 14500 20114 | 950) | 22300 18800 20225 635) 45 | 0.521) 0.493 0.512 | It 


Vulcanized Fiber’ | 14 19 900 | 14 500 | 16 091 | 685) 76 | 25400 20600 23156 | 802 78 | 0.260, 0.251) 0.256 18 


* Cloth-base phenolic laminate. 
Bone-grade vulcanized fiber. 


_ times was equal to two or three contour are very pronounced. The least variable 
intervals, the strict validity of the con- of the particular sheets investigated, # 
tour maps, Figs. 18 and 19, is in doubt. least from the standpoint of flexum 
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onath, was the 1-in. thick grade X Choice of Span-Depth Ratio for Test 


inate. For this material, the vari- 
jon in flexural strength was from 
7.800 to 26,600 psi. crosswise and from 
100 to 32,200 psi. lengthwise. The 
«ndard deviations for both directions 
mounted to about 3.5 per cent of the 
mean flexural strength in the direction 
sidered. The most variable sheet 
sone of the same material § in. thick. 
In this case the flexural strength vari- 
tions were from 21,800 to 29,300 and 
‘om 25,700 to 33,000 psi. for the cross- 
g and length wise directions, re- 
ectively. The standard deviations 
mounted to about 6 per cent of the 
mean strength values. 

In general, the following observations 
may be made: The maximum strengths 
re 20 to 40 per cent greater than the 
ninimum values for any particular sheet, 
it the standard deviation amounts to 

y3 to 6 per cent of the mean strength 
The latter observation shows that the 
imber of ‘‘wild” values is rather small 

| that the sheets possessed only a few 
ts that were much stronger or weaker 
in the remainder. Thin sheets are 
re variable than thicke ones. The 
tour patterns are so different for the 
rious sheets, even of the same material, 

t it becomes apparent that the shape 

the diagram is entirely fortuitous and 

it one diagram cannot be used to pre- 
ict the variations in any other sheet. 

It is obvious that careful sampling 
rocedures are required whenever studies 

any test variables are to be under- 

xen; otherwise, the variation of test 
terial may mask the effects being 
died. For all the various investi- 
gations reported herein, multiple deter- 
nations were made in each test, and 
¢ selection of the samples was made in 
such a manner as to insure each average 
‘ing representative of the whole. 


Purposes: 


Those interested in setting up standard 
test procedures find it difficult to decide 
from experimental data whether it is 
desirable to specify a large span-depth 
ratio or a small one. From the pre- 
ceding, it is possible to reach certain 
conclusions: namely, 

A small span-depth ratio has the ad- 
vantages of leading to large (and there- 
fore easily measured) break-loads, the 
slope of the beam is small at all points, 
the probability of a weak spot being 
located at or near the center is small, 
and the horizontal forces developed at 
the supports are small. It has the dis- 
advantages of leading to small deflec- 
tions (therefore, difficult to measure), 
the horizontal shear may be large, the 
span-shortening due to rolling on the 
contacts may be great, and the indenta- 
tion at the contacts may be serious. 

On the other hand, a large span-depth 
ratio has the advantages of leading to 
large, easily measured deflections, small 
horizontal shear forces, small span- 
shortening, and small indentations at 
the supports. It has the disadvantages 
of leading to large horizontal reactions 
at the end supports, small values of 
break-loads, beam slopes large enough 
so that the radius of curvature is not 
inversely equal to the first derivative of 
the beam slope with respect to hori- 
zontal distance, and the probability of 
a weak spot being near the center is in- 
creased. It can only be concluded that 
there is not a precise answer to the prob- 
lem which will be suitable for all mate- 
rials. The author feels that a span- 
depth ratio of 16 is somewhat more 
practical than a value of 8 (which is 
suggested by some), for the advantages 
of the greater span seem to outweigh 
slightly the disadvantages. 
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In the interest of brevity, only the 
high spots” of a research program 
_ covering several years are reported here. 
Complete details are to be found in 
University of Delaware Engineering 
_ Experiment Station Bulletin No. 2. 


CONCLUSIONS 


For plastic materials tested as simple 
_ beams it is concluded that: 

1. Appreciable horizontal reactions 
may develop at the beam supports. 
_ The stresses due to these reactions lead 

to a decrease in apparent modulus of 
rupture as span-depth ratio increases. 

A theoretical prediction of the effect is 
_ in fair agreement with experimental data. 

2. The radius of the loading edges 
affects the break-load because of span- 
shortening that occurs during loading. 
_A theoretical prediction of this effect is 
in fair agreement with experimental data 
also. 

3. The amount of beam overhang has 
no effect on flexural strength, provided 
the overhang is at least equal to the 
- minimum value investigated, that is 6 
_ per cent of the span. 


4. The amount of indentation at the 
end supports is ordinarily negligible; for 
the tests reported herein, the indentation 
never exceeded 1.6 per cent of the beam 
deflection. 


5. Friction at the end supports is 
negligible, at least for the grade X 
laminate. 

6. Theoretical corrections called for 
because of excessive beam curvature are 
ordinarily negligible for span-depth ratios 
_ of 16 or less. 


7. The variability in physical prop- 
erties of commercial sheets of plastic 
materials is appreciable, and statistical 


data. 
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be 
NOMENCLATURE 

6b = Width of beam in inches 

¢ = Distance from neutral axis to fiber 


maximum stress (half-thickness of th. 
beam) in inches. 

d = Thickness of beam in inches. 

€, €y = Unit strain in compression, unit straj 
in tension in inches per inch. 

E = Apparent modulus of elasticity in pound 
per square inch. 

H = Horizontal thrust at end supports 
pounds. 

I = Moment of inertia of beam cross-sectig, 
about the neutral axis, in.‘ 


k = Defined as VH/(EI), ins 

In = Initial span of beam in inches. 

M = Bending moment in pound-inches, 

M, = Bending moment in beam at point (z, ) 
in pound-inches. 

P = Load on beam at midspan in pounds. 

R_ = Radius of curvature of a contact edge in 
inches. 

S = Unit stress in pounds per square inch. 


S, = Modulus of rupture, ae? pounds 


per square inch. 
= First and second derivatives of y with 
respect to x. 


, ” 


a = Defined as a) dimensionless. 

A = Maximum deflection of beam in inches. 

e = Defined as =, fractional span change 

LA) 

dimensionless. 

X = Defined as — 4d)/(48ED, 
mensionless. 

p = Radius cf curvature of beam neutrd 
axis. 
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DISCCUSSION 


 leller).— 
Mr. Westwater has presented a very 
thorough study of a simple test having 
many complicating factors. The writer 
has had a prejudice against the use of 
the static flexure test for studying the 
effect of different variables on the 
strength properties of plastics because 
of some of the complications described 
in the paper. So I am wondering whether 
the author feels that there is an advan- 
tage in the flexure test compared to the 
tension or compression test when accurate 
values of strength and _ stiffness are 
required. 
It seems to the writer that the correc- 


tions needed to obtain accurate values 
from flexure tests may balance the 
greater simplicity of the flexure speci- 
men and greater ease of performing the 


1 Research Associate Professor of Theoretical and 
Applied Mechanics, University of Illinois, Urbana, Ill. 


test. There seems to be about equal 
complexity of apparatus and computa- 
tions in flexure or tension or compression 
tests. 

Mr. J. W. WeEstwatTerR (author's 
closure).—When accurate values of ten- 
sile or compressive strengths are needed, 
those values should be measured as 
directly as possible. The flexure test is 
not a substitute for tension and com- 
pression tests in such cases. However, 
for control purposes the flexure test 
has the advantages of ease of prepara- 
tion of specimens and ease of carrying 
out the test. In addition, if a material 
is to be used to resist bending loads, the 
flexure test is indicated. The correc- 
tions shown in the paper are not re- 
quired ordinarily, but it is of importance 
to have them available when needed. The 
need is serious when one wishes to com- 
pare results obtained with materials 
under different test conditions. 
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DAMPING AND RESONANT LOAD-CARRYING CAPACITIES 
POLYSTYRENE AND OTHER HIGH POLYMERS* 


By J. A. SAvER! AND W. J. 
SYNOPSIS 


The present investigation is concerned with the experimental determination 
of the relation between damping capacity and stress for specimens of poly- 
styrene and some other thermoplastic and thermosetting materials. The 
damping capacities of these materials are determined by a resonant vibration 
method and found to increase with stress amplitude approximately to the 2.3 
power. Among the thermoplastic materials tested, cellulose acetate butyrate 
is found to have the highest damping capacity and polystyrene the lowest. 
Various grades of phenolic laminates show still lower energy absorptions under 
dynamic tension-compression loading. 

An attempt is made to evaluate the design importance of both damping 
capacity and fatigue strength by setting up an analysis for the determination 
of the relative load-carrying capacities of a simple member subject to dynamic 
loads oscillating at resonant frequency. Despite some rather drastic assump- 
tions, comparative rating of the different plastic materials based on resonant 
load factors would appear to be more significant than comparative ratings 
based solely on endurance strength or solely on damping capacity. Among 
the thermoplastics, methyl methacrylate exhibits the highest resonant load 
values and is about comparable in this respect to the paper-base phenolic 
laminates. 

For polystyrene, it is observed that damping capacity varies with stress 
amplitude in the same manner as experimental creep rate values vary with 
applied tensile stress. Comparison of the data show that the creep rate in- 
creases approximately as the square of the damping capacity. 


For some engineering applications of 
materials, the designer need only be 
ware of the elastic properties. In many 
ther applications, however, such as a 
turbine blade subject to high-tempera- 
lure steam or a propeller or crankshaft 
subject to dynamic loads near resonant 
irequencies, anelastic properties such as 
reep and mechanical hysteresis become 
nportant. It is the purpose of the pres- 
it paper to examine the anelastic prop- 


* Presented at the Fifty-second Annual Meeting of 
* Society, June 27-July 1, 1949. 

Department of Engineering Mechanics, School of 
lege Pe’ The Pennsylvania State College, State 


erties of that group of materials known 
as plastics and to determine the relative 
load-carrying ability of a number of dif- 
ferent plastic materials under resonant or 
near resonant conditions. 

A study of the dependence of two an- 
elastic properties—creep and damping 
capacity—on stress amplitude has been 
carried out for a particular thermoplastic 
material known commercially as Lustrex 
LX. (This material is a grade of poly- 
styrene having an average molecular 
weight of approximately 68,000.)? Some 

2 As determined in accordance with the Staudinger 


technique, at the Plastics Laboratory, Monsanto Chemica] 
Co., Springfield, Mass. 
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_ of the results of this study, in particular 
the bearing of the data on the internal 
molecular structure of the material, have 
been reported elsewhere by Sauer, Marin, 
and Hsiao (1).4 The creep-time behavior 
of this same material under tension, 
torsion and bending loads is being con- 
currently reported by Marin and Cuff 
(2). This paper will, therefore, concern 
itself almost entirely with the determina- 


Lazan’s apparatus. The specimen inth 
form of a solid cylinder is rigidly attache 
to two large masses (M, and Mz) whic 
are supported on frictionless hardeng 
steel rollers. A mechanical oscillaty. 
with adjustable weights (Fig. 2), dri 

by a synchronous motor is attached t; 
one of the masses. When the motor ; 
turned on, the specimen is subjected 
alternating cycles of tension and con. 


Micrometer 
Microscope 


Stroboscopic 


7=7—Roils 


Rollers? 


Specimen 


\-collets 


Heavy Base 


Light 


Rotating 


Oscillator 
Accentric 


Phase Indicator 


Fic. 1.—Schematic Diagram of Apparatus. 


tion of the damping capacity and dy- 
namic modulus of polystyrene and 
several other thermoplastic and thermo- 
setting materials and with the design as- 
pects of these data. 


Test APPARATUS AND PROCEDURE 


A number of different methods have 
been suggested and used by various in- 
vestigators (3, 4) to determine damping 
capacity (energy absorbed per cycle per 
unit volume when a given specimen is 
subjected to cyclic stress). The method 
used in the present investigation is a 
resonance vibration method developed 
and used by Lazan (5) and by Robertson 
and Yorgiadis (6) for both metal and 
plastic specimens. 

Figure 1 is a schematic diagram of 


5 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1131. 


Fic. 2.—Mechanical Oscillator Used for 


Damping Tests. 


pression and acts as the spring of a sing 


degree-of-freedom vibratory systet 


The masses M, and M, are varied by th 


addition or subtraction of sma]l masses 


m, until the system is operating # 
resonance, that is, until the natural fre 
quency of the specimen-mass system = 
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the same as that of the oscillator. This 
condition is determined by noting the 
value of the phase angle ¢ between the 
oscillator force and the displacement and 
varying the weights until ¢ = 90 deg. 

At resonance, the input energy is al- 
most entirely dissipated through internal 
friction in the specimen, as energy losses 
to the supports are small (6). The nu- 
merical value of the damping capacity, 
AW, is obtained from the measured value 
of the displacement amplitude, a, and 
the known amplitude of the oscillator 
force, F, by use of the standard formula 
for the energy absorbed by a single-de- 
gree-of-freedom system operating at 
resonance, 


where A is the cross-sectional area of the 
specimen and ZL the specimen length be- 
tween grips. The amplitude, a, is meas- 
ured by a micrometer microscope as 
shown in Fig. 1. The maximum stress 
produced in the specimen by the oscil- 
lating force and the dynamic modulus 
are given respectively by the following 
formulas 


Lo? M, Me 
= 3 


where w is the circular frequency of the 
oscillator. 

Tests were run at a series of progres- 
sively increasing stress levels obtained by 
variation of the oscillator weights. In 
each case, once the resonant condition 
was reached, readings were taken of the 
displacement amplitude. From these 
readings and the known values of the 
specimen area, specimen length, oscillator 
frequency, and masses M, and M2, nu- 
merical values of damping capes, 
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stress amplitude and dynamic modulus 
were obtained directly from Eqs. 1, 2, 
and 3. 

Two cautions were observed in running 
all tests. First, the stress level was kept 
below the point at which fatigue cracks 
originated. For the polystyrene speci- 
mens, it was found possible to obtain 
measurements of damping capacity at 
stresses as high as 2100 psi. even though 
this stress is considerably above the en- 
durance limit for this material. This 
could only be accomplished, however, by 
using non-metallic fillers between the 
specimen and the collet to cut down sur- 
face abrasion and pitting and by care- 
fully machining the specimen to avoid 
scratches or cuts. These precautions 
were found to be considerably more im- 
portant for polystyrene than for the 
other thermoplastic and thermosetting 
materials probably because its brittle 
nature prevented redistributions of high 
localized stresses through plastic flow. 

The second caution was to make the 
necessary measurements as quickly as 
possible (~1 min.) so as not to overheat 
the specimen and tg allow sufficient time 
between measurements to permit the 
specimen to cool. As a check on the in- 
fluence of absorbed heat on the properties 
of the material, one or more low stress 
readings of the damping capacity were 
repeated for each polystyrene specimen 
after completion of the damping tests 
taken over the whole range of stresses. 
In each instance, these readings checked 
closely with the original ones (1). 


Test MATERIALS AND TEST SPECIMENS 


Although more complete data were 
taken for polystyrene than for any other 
material, determinations of damping 


capacity as a function of stress amplitude 
were made for several other thermo- 
plastic materials and also several phenolic 
laminates. 


The thermoplastic materials 


i 
| 
Fa 
AL ( ) { 
1 
' 
‘ 
lg + 
F 
fre: 
i 
i ‘ 


1122 


included cellulose acetate, cellulose ace- 
tate butyrate and methyl methacrylate, 
while the thermosetting ones included 
phenolic laminates with paper base, fab- 
ric base, army duck base, rayon base, and 
asbestos base. A short description of 
these materials is given in Table I. 
The polystyrene (Lustrex LX) test 
specimens were cut from molded flat 
sheets 12 in. wide and 12 in. long. They 


TABLE 1.—DESCRIPTION OF THERMOPLASTIC 

AND THERMOSETTING MATERIALS USED IN 
PRESENT INVESTIGALIILON 
Thermoplastic Materia's: 

; Cellulose Acctate.—Test specimens made from compres- 
sion molded rod, grade M6, medium soft, witn 40 
parts triacetin pl isticizer. Supplied through the 
courtesy of Monsanto Cnemical Co. 

Cellulose Acetate Butyrate.—Test specimens in form of 
molded 1-in. diameter tubes made from medium hard 
grades Tenite II, 201 and 203. Supplied through 
courtesy of Tennessee-Eastman Corp. 

Polystyrene.—Vest specimens in form of Styron rod 
supplied through courtesy of Dow Chemical Co. 

Methyl Methacr ylate.—Test specimens made from ‘“Type 
1—General Purpose’ cast t’lexiglas supplied through 
courtesy of Rohm & Haas Co. 


Thermosetting Materia's—Laminated Phenolics: 

Paper Base.—Molded from high strength Mitcherlich 
paper with a fast curing phenol formaldehyde resin 
at a temperature of 310 + 10 F. and at a pressure of 
250 psi. Laminations are parallel. Sheets supplied 
through courtesy of Consolidated Water, Power and 
Paper Co 

Ragen Base.—Molded at a temperature of 320 F. anda 
oressure of 1100 psi. with crossed rayon-cotton fabric 

ase. Sheets supplied through courtesy of Formica 
Insulation Co. 

Asbestos Bause.—Test material supplied in form of %-in. 
diameter tubes through courtesy of Synthane Corp. 

Army Duck.—Molded with square army duck and a fast 
curing phenol formaldehyde resin at a temperature of 
320 F. and a pressure of 180 psi. Parallel laminations. 
Supplied through courtesy of Synthane Corp. 

Paper Base ( rade XX).—A paper base laminate sup- 

; plied in the form of %-in. diameter rods by the Syn- 
thane Corp. 

Fabric Base (“rade L).—A fine weave fabric base 
laminate supplied in the form of %-in. diameter 
tubes through courtesy of the — ane + oom 


varied in thickness from ? to 1 in. All 
sheets were examined under polarized 
light before use and those sheets showing 
noticeable internal strains were dis- 
carded. Tension and compression con- 
trol tests performed at room tempera- 
tures revealed the material to have a 
modulus of elasticity of 4.5 X 10° psi., 
an average tensile strength of 5700 psi. 
and a compressive yield strength (based 
on a 0.005 offset) of 12,400 psi. Details 
of testing procedure as well as stress- 
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strain curves and values of other me. 
chanical properties are given elsewhere 
(1,2). The tests indicated that at room 
temperatures under tension loading the 
material was quite brittle in nature with 
very little plastic yielding before frac- 
ture. 


TABLE II.—TYPE AND DIMENSIONS OF DAMPING 
TEST SPECIMENS. 


:| 
| 
Type of Plastic 34 Dimensions, in. 
22 
Polystyrene (Lust. 
rex LX)... | Rod 0.622 round 9.12 | 26.6 
OTHER THERMOPLASTIC MATERIALS 
Cellulose acetate 
butyrate 
(201-MH)........ Tube} O.D. = 1.000 7.06 18.0 
1.D. = 2.865 | 
(203-MH)........| Tube) O.D. = 1.004 9.75, 18.0 
LD. = 0.811 
Cellulose acetate 
Rod 0.500 round 7.31; 18.0 
Methyl! methacryl- | 
ate (Plexiglas)...| Rod | 0.749 round | 6.25 37.9 
Polystyrene (Sty- 
Rod | 0.502 round | 


7.31) 26.6 


THERMOSETTING PHENOLIC LAMINATES 


pm duck base. Rod | 0.513 K 0.500 | 9.00) 37.5 
Fabric Base (grade 
Tube| O.D. = 0.750 | 10.87, 37.5 
LD. = 0.500 
Paper base (grade 
Rod | 0.500 round 8.00) 37.5 
Asbestos base......| Tube} O.D. = 0.750 | 12.94) 37.5 
I.D. = 0.496 
Rayon base ....... Rod | 0.508 X 0.615 | 7.50 6.0 
Paper base high | 
strength) . 0.502 X 0.508 | 8.94 00.0 


The damping tests on polystyrene were 
made on cylindrical specimens 2 in. in 
diameter in the collets and 0.622 in. in 
diameter in the center section between 
collets. The over-all length of the speci- 
mens was 12 in. and the ‘length between 


collets approximately 9 in. The speci- 


mens were held for at least one week 
prior to testing in a storage chamber at 4 
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relative humidity of 50 + 2 per cent and 
a temperature of 77 + 2 F. 

For the other thermoplastic and ther- 
mosetting materials tested, no control 
tests were run and no special conditioning 
was given to the specimens prior to test. 
Some of the tests were run on tubular 
specimens, some on cylindrical speci- 
mens, and some on specimens of rec- 
tangular cross-section, but all tests were 
of the alternating tension-compression 
type (zero mean stress), and all measure- 
ments of damping capacity were made at 
resonant conditions in the manner al- 
ready described. The dimensions of the 
various test specimens are given in 
Table II along with the values of the 
oscillator frequency. 

Test RESULTS 

The measured values of the absorbed 
energy due to internal friction are 
plotted against stress amplitude in Fig. 3 
for polystyrene (Luxtrex LX), in Fig. 4 
for methyl methacrylate (Plexiglas), in 
Fig. 5 for cellulose acetate butyrate 
(Tenite 201MH and 203MH) and fabric 
base phenolic laminate (Synthane L), in 
lig. 6 for cellulose acetate (Grade F M6), 
polystyrene (Styron) and _paper-base 
phenolic laminate (Synthane XX), and 
in Fig. 7 for four grades of laminated 
phenolic (high-strength paper base, rayon 
base, asbestos base, and army duck base). 
Examination of these log-log plots reveal, 
first, that the experimental points fall on 
straight lines and, secondly, the lines are 
approximately parallel to one another. 
These features indicate that the absorbed 
energy can be empirically expressed in 
terms of the stress amplitude by the 
equation 


AW = Ce*..........@ 


where C and m are material constants 
which can be determined from the data. 
The constant n is not particularly sensi- 
tive to the material under investigation. 


It takes the value 2.3 for polystyrene 
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(Lustrex LX), and varies only slightly 
from this value for the other materials 
whether thermoplastic or thermosetting, 

Figure 8 indicates the change in the 
damping capacity versus stress amplitude 
relation which occurs once fatigue cracks 


are formed. 


The dashed line is the same 


as that in Fig. 3 while the full lines show 
the results of damping measurements on 


TABLE III. 
CAPACITY AND DY 
SEVERAL 
AND SEVERAL 


> 
a 

. 

Type of Plastic 
~ 


“THERMOPLASTIC MATERIALS 


Cellulose acetate 


THERMOPLASTIC 


COMPARATIVE VALUES OF DAMPING 


NAMIC MODULUS FOR 


MATERIALS 


THERMOSETTING 
MATERIALS. 
| 

= | 

| 

| S™ | Coefficient | Dynamic 

23 | of Stress, | Modulus, 

| C, in Eq. E, psi. 

| 

butyrate 

(201MH, 

0.162 | 2.30 | 980 K 107 250000 
Cellulose acetate 

FM6). 0.156 | 2.14 2550 270 000 
Methyl! metha- 

crylate (Plexi- 

glas). ..| 0.0882 | 2.30 | 540 610 000 
Polystyrene 

(Styron).......| 0.0269 | 2.32 | 147 540 000 
| 
(Lustrex LX) 0.0159 


THERMOSETTING PHENOLIC LAMINATES 


Army duck base. .| 0.0129 
Fabric base 

(Grade L) ..| 0.0114 
Paper base 

(grade XX) 0.0108 
Asbestos base....| 0.0104 
Rayon base .. 0.0085 
Paper base (high 

strength)...... 0.0324 


| 2-30 | 98 | $30 000 


2.26 | 102 1 330 000 
2.17 | 151 1 370 000 
2.36 | 50 1 430 000 
2.20 | 115 1 560 000 
2.20 | 96 1 720 000 
2.30 19 3 310 000 


four polystyrene specimens which had 
the same cross-section (3-in. diameter) 
throughout their length, both within and 
without the collets, and which were 


tested without use 


of a non-metallic filler 


between the specimen and the collet to 


reduce the chafing 
of the grip. 


action near the edges 


The results show that at a 


stress level of approximately 700 psi., 
there is a noticeable increase in the slope 
of the damping capacity-stress curve. 
Evidently, the stress concentration at 


the edge of the grip produces a sufi 
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ciently high local stress to cause crack 
formation after repeated loading and to 
indicate this condition by a noticeable 
increase in slope. Visual examination of 
each of these specimens after completion 
of the tests does indeed reveal one or 
more small cracks in the end section of 
the specimens near the edge of the col- 
lets. 

Comparative values of damping ca- 
pacity, AW, and dynamic modulus, £, 
for the various high polymers tested are 
given in Table III. The value of E 
given in this table is only approximate 
for two reasons, first, because the value 
varies slightly with stress amplitude (in 
Lustrex LX from 5.35 X 10° psi. at a 
stress of 329 psi. to 5.22 K 10° psi. at a 
stress of 2100 psi.) and, secondly, because 
the value depends (see Eq. 3) on the 
value chosen for the specimen length. 
This is somewhat arbitrary and was 
taken in this investigation as the meas- 
ured distance between collets. The data 
of Table III together with the curves 
showing absorbed energy versus stress 
amplitude permit us to draw the follow- 
ing conclusions: 

1. The damping capacity or absorbed 
energy per cycle increases with stress 
amplitude approximately to the 2.3 
power (maximum variation is from 2.14 
for cellulose acetate to 2.36 for paper- 
base phenolic laminate). Robertson and 
Yorgiadis (6) have previously reported a 
third power variation of damping capac- 
ity with stress. Their results were ob- 
tained mostly on metal specimens, and 
only one of their materials (Lucite) 
might be considered comparable to those 
tested in this investigation. For this 
material, their reported test results show 
such wide scatter that a 2.3 power law 
would appear to fit their data about as 
well as a third power law. 

2. Although the thermoplastic mate- 
rials as a group show considerably higher 


damping capacities than the thermoset- 
ting materials, the variation among the 
different types of thermoplastics is quite 
large. Among the materials tested, the 
cellulose acetate butyrate gave the high- 
est energy absorption (approximately ten 
times that of polystyrene). ' 

3. Among the various phenolic lam- 
inates, the variation is not so large. The 
material showing the highest internal 
friction value, the army duck laminate, is 
slightly inferior in this respect to the 
poorest thermoplastic, polystyrene, but 
four times higher (at 500 psi.) in energy 
absorption than the poorest thermoset- 
ting material, the high-strength paper- 
base laminate. 

4. In general, as mentioned by Robert- 
son and Yorgiadis (6), materials of lower 
damping capacity appear to have higher 
dynamic moduli. Plexiglas is a definite 
and clear-cut exception to this trend. 

5. The damping capacity appears to 
vary with stress amplitude in the same 
fashion as the creep rate varies with ap- 
plied tensile stress. In a preceding pa- 
per, Marin and Cuff (2) have reported a 
linear increase of the log of the creep rate 
(at 1000 hr.) with log of the applied ten- 
sile stress. For polystyrene, their creep 
rate stress relation is given by C, = 
Bo‘ where B is an experimental con- 
stant. Since, for polystyrene AW = 
Co**, the creep rate would appear to 
vary approximately as the square of the 
damping capacity. It would thus ap- 
pear possible to determine 1000-hr. creep 
rates for polystyrene from measurements 
of damping capacity. Since creep tests 
are tedious and time-consuming and 
since damping capacity tests can be car- 
ried out quite rapidly, such a relation 
might have considerable practical sig- 
nificance. 


RESONANT LOAD-CARRYING CAPACITIES 


From the engineering or design point 
of view, damping capacity is particularly 
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helpful in reducing stress amplitude when 
a material is subject to resonant or near 
resonant vibrations. Under these con- 
ditions, energy absorption may be even 
more significant than endurance strength, 
and several authors (3, 5, 6) have pointed 
out that a material of lower fatigue 
strength but higher damping capacity 
may well be preferable to another mate- 
rial of higher fatigue strength but lower 
damping capacity. 

It would seem well worth while to at- 
tempt to set up a design analysis to take 
into account both the endurance prop- 
erties and the damping properties of the 
various materials. For certain types of 
members, and certain types of loading 
conditions, this problem has been treated 
by Marin and Stulen (7) and also by 
Yorgiadis and Robertson (8). They con- 
sider the magnitude of the resonant load 
that a given type of member can carry 
and Marin and Stulen use these resonant 
load magnitudes to determine relative 
performance values of both plastics and 
metals. 

There are several objections to the rat- 
ing which they give. First of all, their 
assumed values of endurance strength 
are considerably in error (3000 psi. for 
lucite, for example, whereas reported 
experimental values are only 2090 psi.). 
Secondly, under dynamic loading, each 
type of material would exhibit a change 
in modulus and a rise in temperature of 
a different amount and the relative effect 
of these changes would be quite variable 
for the different materials. Thirdly, 
since the modulus and density of metals 
and plastics are so markedly different, it 
is questionable how much significance 
can be attached to comparative resonant 
load-carrying capacities, that is load- 
carrying capacities under widely varying 
frequencies and widely varying inertial 
loads due to the vibrating masses. 

If we confine ourselves to plastics 
alone, where the moduli, densities and 
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specific heats, though by no means the 
same for all types, are nevertheless of 
comparable magnitude and if we use ex. 
perimentally reported values of endur. 
ance strength, it would seem possible to 
overcome at least some of the objections 
listed above. A relative rating of the 
various plastic materials based on load- 
carrying ability under resonant vibration 
might then have more significance than 
a rating of just damping capacities alone 
—even though the absolute magnitudes 
were still based on some questionable as- 
sumptions. 

Consider a member in the form of a 
cantilever beam, subject to a dynamic 
end load oscillating at a frequency equal 
to the natural frequency of the beam. 
Assume that the weight of the beam is 
small compared to the magnitude of the 
end load, P, so that inertial effects can 
be neglected, and assume also that the 
damping due to shear stress can be neg- 
lected. The damping due to fiber stress 
is assumed to vary as the stress to the 
n power with the value of m as specified 
in Table III. As has been pointed out 
by Robertson and Yorgiadis (6), damping 
capacity may be taken as independent of 
frequency, at least over the ordinary 
range of natural mechanical frequencies. 
Under these conditions, the resonant load 
P is found to be proportional to the fol- 
lowing quantity‘ 


Po 


where C is the damping coefficient of Eq. 
4, E tie dynamic modulus, and «, the 
fatigue strength. The resonant load- 
carrying capacity of the beam is thus 
seen to be a linear function of the damp- 
ing coefficient and the dynamic modulus 
and a somewhat higher power function 
(~1.3) of the fatigue strength. 

Table IV gives values of the resonant 


except that the variable exponent n is used in place of 


4 The analysis is similar to that given in reference (7) | 
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load factor, CEs", for the various styrene (Lustrex LX) was determined ex- 


polymeric materials whose dynamic mod- _ perimentally since no reported value for | - 
ji and internal friction have been de- _ this grade of polystyrene could be found. 
4000 
> 
a 
3 000 
| 
| 
2.000 
° 
1000 —- 
6 7 
104 10° 10 10 


Cycles 
Fic. 9.—S-N Curve for Polystyrene (Lustrex LX). 


TABLE IV.—RESONANT LOAD RATINGS OF SOME THERMOPLASTIC AND THERMOSETTING MATERIALS _ 


T . > Cc Cc’ Fatigue Strength, actors 
ype of Plastic (AW/o") (AW Ge, 
Eq.4 
THERMOPLASTIC MATERIALS 
llulose acetate butyrate | 2.30 | 980 x 107 | 980 x 107 | 250 000 
(Tenite 201MH, 203MH) 
lulose acetate (FM6) 2.14 2550 965 270 000 1050 (9, 13) 190 220 
ethyl methacrylate 2.30 540 540 | 610 000 2000 (9) 640 640 
(Plexiglas) 
lystyrene (Styron) | 2.2 147 167 540 000 1500 (14) 123 122 
Polystyrene (Lustrex LX) | 2.30 | 98 | 98 | 530 000 1200 52 52 
‘THERMOSETTING LAMINATES 
Army duck base 2.26 | 102 | 80 1 330 000 e a oe 
ibric base (grade L) 2.17 151 ae 1 370 000 5000 (9) 440 620 
od base (grade XX) 2.36 50 | 67 1 430 000 5200 (9) 730 | 650 
Ssbestos base 2.20 | 115 64 1560000 | 6000 (10) 620 810 
payon base 2.20 96 | $3 1720 000 | 
aper-base (high-strength) 2.30 19 | 19 | 3310000 | 7000 (10, 11, 12) 640 640 


* The boldface numbers in parenthesis refer to refevences at end of paper. 
termined in the present investigation. The fatigue tests were made on a Sonntag 
the fatigue strengths of column 5 are machine operating at 1800 rpm. The y 
tough averages of the reported values fatigue test specimens were rectangular 
9,10, 11, 12, 13, and 14) of comparable _ in cross-section (4 by 3 in.) and the tests 
material, The value of o, for poly- were made under alternating axial ten- 


} 
| 
| 
il 


sion and compression loading. Lustrex 
LX was found to exhibit a quite well-de- 
fined fatigue strength (see the S-N curve 
of Fig. 9), a behavior similar to that re- 
ported by Findley (14) for an unnamed 
grade of polystyrene. 

Two values of resonant load factors are 
given in Table IV. The first one is 
based on Eq. 5 using the C and m values 
of Table III. The second one is based 
on use of a single m value of 2.3 for all 
the materials and aC value (marked C’ in 
Table IV) obtained from the straight 
line of constant slope 2.3 used to best fit 
the data of Figs. 3 to 7. The numerical 
values of the resonant load factors serve 
as approximate measures of the relative 
performance behavior, under resonant 
conditions, of the different plastic mate- 
rials. 

From the design calculations of Table 
IV, one may draw the following conclu- 
sions: 

1. The relative load-carrying capacity 
of methyl methacrylate under resonant 
conditions appears to be higher than that 
for any of the other thermoplastic mate- 
rials. It is only comparable however to 
that of the various thermosetting lam- 
inates, a conclusion significantly different 
from that of Marin and Stulen (7), whose 
analysis indicated laminated phenolic to 
be greatly inferior to Lucite. The differ- 
ence is due partly to their use of a cube 
law for the relation between damping 
capacity and stress, but mostly to their 
incorrectly assumed values of endurance 
strength and dynamic modulus. 

2. Among the thermosetting materi- 
als, the high-strength paper phenolic lam- 
inate has the highest reported endurance 
limit, but because of lower damping- 
capacity values shows no better resonant 
load-carrying ability than the grade XX 
paper-base or asbestos-base phenolic 
laminates. 

3. The relative rating among the 
thermoplastic materials undergoes little 
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change whether precise C and n values 
are used or whether constant n of 23 
(and appropriate C’) is used for all the 
materials. For the thermosetting mate. 
rials, the difference is somewhat more 
significant, but in view of the various 
assumptions that are involved in the der- 
ivation of these expressions, it is ques- 
tionable whether the difference is suff. 
cient to invalidate the use of a common » 
value and require the use of the experi- 
mentally determined C and n values. 
More precise measurements of damping 
capacities are required to settle this 
point. 

The results of Table IV apply only 
when the material is in the form of a rec- 
tangular beam with vibrating end load, 
but similar calculations can be readily 
made for other types of member and 
other types of loading condition. In 
general, they show a different depend- 
ence of P on a, but the same linear in- 
crease with damping coefficient. What- 
ever the application, the load-carrying 
ability under repeated loading will de- 
pend on both the damping characteristics 
as well as the fatigue characteristics of 
the material, and both should be con- 
sidered in design. Furthermore, strain 
or deflection calculations under dynamic 
loading should be based on values of the 
dynamic modulus and not the static 
modulus, as the difference in these values 
is frequently quite appreciable for plastic 
materials (5.3 X 10° as compared to 
4.5 X 10° for polystyrene). Also, if the 
frequency of oscillation is high and the 
loading maintained for considerable peri- 
ods of time, the effect of increased speci- 
men temperature will probably have to 
be considered. 
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Mr. A. J. WARNER.'—I believe I am 
correct in assuming that these measure- 
ments were all made at constant am- 
bient temperature. 

I wonder if any experiments have been 
made with different temperatures and 
whether there are any different slopes 
of the characteristics with temperature 
for the materials under investigation. 

MemBeErR.—Was there any attempt 
made to check this damping capacity 
against the hysteresis loop for these vari- 
ous materials? Mr. Marin showed hys- 
teresis loops, for static tension tests of 
these same thermosetting materials, 
in a report several years ago to the 
National Advisory Committee of Aero- 
nautics. 

Mr. W. N. Finney’ (by leller).— 
The authors have presented excellent 
data on damping capacity, some interest- 
ing speculations on the correlation be- 
tween damping and creep rate, and a 
load-factor for evaluating the relative 
merits of different materials for resist- 
ing resonant vibration. 


Interpretation of Dynamic Measurements: 


In view of the excellence of the test 
data on damping as evidenced by the 
freedom from scatter, it seems appropriate 
to examine, further the implications of 
these results as related to the test method 
and method of analysis employed, even 
though the method and analysis has 
been widely used to study the dynamic 
properties of many materials. 

The equations used by the authors 
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DISCUSSION 


were derived from the motion and forces 
present in resonant vibration of a single. 
degree-of-freedom system consisting of 
masses, linear spring, viscous damping 
and sinusoidal excitation. The differen- 
tial equation for such a system is of the 
form* 


Mi + c& + kx = F sin w t..(6) 


where x, x and # are the displacement, 
velocity and acceleration respectively, 
c is the viscous damping coefficient, - 
is the stiffness of the spring, and the 
other symbols correspond to those in 
the paper. 

From the solution of this differential 
equation it is possible to calculate the 
energy dissipated per cycle, Wo, by the 
viscous damping.’ The relationship ob- 
tained is 


Wp 


For the mechanical system described 
above, this dissipated energy is equal to 
the work done per cycle by the disturb- 
ing force F as calculated by the authors 
from their Eq. 1. 

Equation 7 indicates that the energy 
dissipated per cycle by the damping is 
proportional to the square of the ampli- 
tude of the motion. If the stress, a in the 
specimen is understood to be defined in 
terms of the spring force alone (which is 
the only force acting in the specimen at 
the maximum displacement) and the 
spring force is linear as required in this 
solution, then the stress is proportional 
to the amplitude so that Eq. 7 becomes 

2 Timoshenko, “Vibration Problems in Engineering,” 


Second Edition, D. Van Nostrand, p. 38 (1937). 
4 Ibid, Pp. 45. 
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or Wo = Co? | 


vere C includes the viscous damping 
ynstant the dimensions and _ stiffness 
f the specimen, and the frequency of the 
vibration. 

That the tests reported by the authors 


showed the work done per cycle by the 


listurbing force (oscillator) to be pro- 
yrtional to the 2.3 power of stress may 
ndicate that polystyrene behaves as a 


viscous material as regards damping. 


The fact that the 2.3 power was found 
stead of the 2.0 power may be a mani- 


festation of the use of an equation for a 


system with a single viscous element, 
Eq. 6, to represent the behavior of a 
iscous material having a distribution of 
iscosities or relaxation times such as 
olystyrene is considered to have. 

On the other hand it seems equally 
possible to the writer that the 2.3 power 
may result from some part of the me- 
hanical equipment used by the authors 
it performing in accordance with the 
inear relationship required by the pro- 
dure used to calculate the damping 
capacity. 

Further evidence that the test equip- 
ment may not function in the linear 
manner described by the differential 
Eq. 6 are found in the facts that: (a) 
the so-called dynamic modulus calcu- 
lated from the vibration test (5.3 10° 
psi.) differs from the static modulus 
‘45 X 10° psi.) and in the opposite 
direction from that reported by previous 
investigators® using the same apparatus 
in tests of other plastics, and (6) the 
dynamic modulus changed with stress. 
Neither of these observations is in ac- 
cord with the conditions described by the 


5. Lazan and A. Yorgiadis, ‘“The Behavior of 
astic Materials Under Repeated Stress,’”’ Symposium on 
Plastics, Am. Soc. Testing Mats., p. 66 (1944). (Symposium 
issued as separate publication, STP No. 59.); B. J. Lazan, 
>ome Mechanical Properties of Plastics and Metals 
nder Sustained Vibrations,’’ Transactions, Am. Soc. 
echanical Engrs., Vol. 65, p. 87 (1943). 
in é; M. Robertson and A. Yorgiadis, ‘Internal Friction 

hgineering Materials,’? Transactions, Am. Soc. Me- 


rye) Engrs. Journal Applied Mechanics, Vol. 68, 
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differential equation which requires the 
dynamic modulus to be constant and 
equal the static modulus. 

Some of the possible sources of this 
disagreement may be: (a) the stiffness 
of the specimen changes with displace. 
ment, (b) the stiffness of the specimen 
changes with strain rate (or frequency), 
(c) the oscillator may not provide the 
required pure sine wave of disturbing 
force, (d) the damping in the specimen 
may not be viscous, and (e) there may be 
energy dissipated in non-linear friction 
in the grips or other parts of the vibrat- 
ing assembly. 

The only one of these possibilities 
which seems to be easily evaluated from 
the available data for polystyrene is the 
first. Since the slow speed tension tests 


show a linear relation between stress 
and strain practically to fracture (about _ 


4 


5500 psi.) and the largest stresses used 
for damping were only 2100 psi. it seems 
improbable that the stiffness changes 
with displacement during the vibration. 

It is possible that the modulus may 
increase slightly with increase in strain 
rate if the increase in strain rate over- 
laps a portion of the spectrum of relaxa- 
tion times for the material. It seems un- 
likely, however, that this would explain 
the large change in stiffness observed. 
It is perhaps more likely that the damp- 
ing is not viscous. 

An extensive study of many of the 
possible sources of extraneous energy 
dissipation in one type of damping test- 
ing machine has recently been reported.® 
These investigators found external losses 
of energy amounted to as much as 500 
times the intrinsic energy dissipation of — 
aluminum alloy specimens. ; 

A mathematical expression which 


would be more suitable for representing 
hysteresis damping is evidently needed. 


The following expression which has been 
considered for damping in structures? 


6G. A. Cottell, K. M. Entwistle, and F.C. Thompson, 
“‘The Measurement of the Damping Capacity of Metals 
in Torsional Vibration,’’ Journal, Inst. Metals, March, 
1948, p. 373. 

7N. Myklestad, ‘‘Vibration Analysis,’ 2nd Ed. 
McGraw-Hill, Book Co., New York, N. Y., Sec. IV-5 (in 
preparation). 
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might prove useful in the present 
instance: 


Mé + k(cos b; + isin b;)x = Fei... (9) 


The damping in this equation is called 
complex damping and is represented in 
the equation by the phase angle of lag b . 


A study of the solution of this equa- 


tion shows that the damping capacity 


(energy absorbed per unit volume per 


cycle for a uniiorm rod vibrating axially) 
is proportional to the sine of the damping 
constant, b,, the square of the stress, 
inversely proportional to the elastic 
modulus and independent of the fre- 


quency. 


The last three of these relation- 


ships are in accord with much of the 
reported data on damping capacity in 
materials: (a) Kimball and Lovell* found 
the damping capacity to be proportional 
to the square of the stress for a number of 
different materials, (b) they also gave 


rather conclusive evidence 


that the 


damping capacity is independent of fre- 
quency (or velocity) and (c) as men- 


tioned by the authors the data on damp- 


ing capacity reported in the literature 
indicates that in general materials with 


the highest elastic moduli have the lowest 
damping capacity and vice versa. 


No 


exact relationship can be shown because 
of the fact that many of the damping 


capacities reported are for different 


stresses and the damping constants (such 
as by are probably different. 


in Solids,” 


A comparison of the damping capacity 


described above for complex damping 
with that predicted for viscous damping 
shows that the viscous damping capacity 
calculated from Eq. 
Eq. 1 cannot be expressed (in terms of 
energy per unit volume) as a function of 
stress and factors which are properties of 
the unit volume of the material alone. 
Other quantities which depend on the 
particular configuration, such a3 the mass 
of the vibrating body and dimensions of 
the specimen tested, cannot be elimi- 


7 or the authors 


8 A. L. Kimball and D. E. Lovell, “‘Internal Friction 
Physical Review, second series, Vol. 30, pp. 


947-959 (1927). 
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nated from the expression. Also the 
viscous damping capacity is not a func. 
tion of the modulus of elasticity and is q 
function of frequency—the reverse of 
the relationship for complex damping, 


Correlation of Damping Capacity ani 
Creep Rate: 


It seems quite likely that damping and 
creep (also fatigue for that matter) are 
different responses to the same action 
at the atomic or molecular level of action 
in a material. Thus it would be likely 
that equations derived from the atomic 
or molecular behavior to describe these 
three different responses to mechanical 
loading would have at least one factor in 
common. 

It would indeed be very useful if creep 
could be predicted from damping meas- 
urements. If such a correlation is to be 
useful for engineering applications it 
must be more than a chance correlation. 
It must be based on correspondence of 
fundamental physical behavior of the 
material under the two conditions. That 
such a condition exists in the present 
instance seems doubtful to the writer 
though he wished it were otherwise. 

The following observations may be of 
interest in trying to evaluate this possi- 
bility. As discussed above the damping 
capacity varies with the stress to the 
second power for viscous damping 
Viscous creep rate on the other hand has 
been described as varying linearly with 
the stress. This is a considerable difier- 
ence from the relation found by the 
authors (a 2.3 power of stress for damp- 
ing and 4.53 power of stress for creep 
rate). 

The failure of the data for styrene to 
follow the same stress laws predicted for 
viscous behavior for both damping and 
creep does not seem too unreasonable is 
view of the differences in amount 0! 
strain and strain rate in the two phe 
nomena. The behavior may result from 


9 Sch nidt and Marlies, “Principles of High- Peles 
Theory Practices,” McGraw-Hill, Book Co., N 
York, N. , Chapter 7 (1948). 
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quite different mechanisms, for ex- 
wmple, rupture of secondary bonds be- 
‘ween atoms in damping and movement 
luring creep of groups of molecules of 
large molecular weight in a matrix of 
molecules of smaller molecular weight. 

Dimensional considerations also sug- 
gest that equations such as Wp = co”! 
and 0 = Bo*® are unlikely to be more 
than approximations of the actual physi- 
al relation between the quantities since 
a dimensional quantity raised to a vari- 
able or unfactorable fraction power is 
dimensionally untenable. As an approxi- 
mate or empirical expression the dimen- 
sions may be satisfied by the trick of 
introducing a constant (such as unity) 
having suitably variable dimensions but 
such tricks are thought to have no physi- 
il significance. 

Even though it should be shown that 
creep and damping are different manifes- 
tations of the same atomic behavior it 
sems doubtful that creep could ever be 
completely predicted from damping 
measurements. The phenomena, result- 
ing possibly from the same atomic be- 
havior, are quite different for creep than 
for damping. Thus in fundamental equa- 
tions for these two phenomena one or 
more significant factors must be expected 
that are not common to both equations, 

Another fact which perhaps should be 
mentioned in this connection is that 
reep rates from tests which the writer 
as performed on a polystyrene'® ob- 
tained from the same manufacture, and 
having about the same molecular weight 
f 68,000 (Staudinger), agree reasonably 
well with the results presented by Marin 
and Cuff" for the stress values which 
vere common to the two tests.’* How- 
ever, when the writer’s data are plotted 
rith the log creep rate versus the log 
stress the resulting line shows a marked 
"Unpublished. 


Pe "J, Marin and G. E. Cuff, “‘Creep-Time Relations for 
Olystyrene Under Tension, Bending, and Torsion,’’ 


%€ p. 1158 of this publication. 


Ibid, Discussion, p. 1175. 
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curvature. The writer’s data fit a hyper- 
bolic sine function better than a power 
function. The authors may find that their 
data can also be represented by an hyper- 
bolic sine function or an exponential 
function nearly as well as by a power ' 
function. The hyperbolic sine function 
has the advantage to the present dis- 
cussion of being related to the activation _ 
energy theory of the mechanism of creep ; 
and _ hence being more likely to have 
physical significance than the other 
functions. 


Resonant Load Factors: 


The authors have discussed some of | 
the dangers in the use of a resonant load 
factor when comparing plastics and 
metals for resistance to failure from 
resonant vibration. The writer feels that 
the use of such factors of merit may — 
usually be attended by some danger of _ 
incorrectly rating materials for some ap- 
plications or of omitting significant char- 
acteristics. In the present instance the 
serviceability of a material for use in — 
applications where resonant vibration © 
cannot be avoided may depend either on ; 
the amplitude of vibration remaining 
less than a given value or on the stress 
remaining below the fatigue strength for — 
the operating temperature, etc. 

If control of the amplitude of vibra- 
tion is required the fatigue strength is 
unimportant so long as it is high enough 
that failure will not occur at the specified 
amplitude. Thus a factor of merit which 
included the fatigue strength would give 
an undue advantage to materials having 
fatigue strengths higher than required. 

The ability of plastics to perform satis- 
factorily in resonant vibration will de- 
pend on the temperature developed by 
the damping since the stiffness, fatigue 
strength and probably damping capacity 
change with temperature. The tempera- 
ture in turn will depend not only on the 
energy dissipated per cycle but the fre- 


f 
. 
| 
Ju 
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quency, duration of time of the vibration 
and the means for heat transfer in the 
given situation. Thus the thermal con- 
ductivity of the material is an important 
characteristic in determining the re- 
sistance of plastics to failure from 
resonant vibration. 

In view of the above the problem 
seems so complex and the relative im- 
portance of the various factors seems to 
vary so with different applications that 
the use of a single figure of merit might be 
misleading. It seems that it might be 
safer or at least more accurate to con- 
sider each pertinent characteristic of the 
material in the setting of the given prob- 
lem when selecting a plastic for an appli- 
cation involving resonant vibration. 

Also in any given structure the con- 
tribution of air damping and friction in 
joints must be considered if an accurate 
prediction of performance under resonant 
conditions is to be expected. 

Messrs. J. A. SAUER AND W. J. 
OLIPHANT (authors’ closure).—The ques- 
tion has been raised as to whether any 
attempt was made to correlate the damp- 
ing capacity determined in this investi- 
gation with hysteresis loop measurements 
made by Marin” on some comparable 
materials. Three of the materials used 
in this investigation, namely, the high- 
strength paper base phenolic laminate, 
the rayon base laminate, and the Army 
duck laminate, were also used by Marin. 
However, the measurements of hysteresis 
loops which he made were for slow-speed 
static tension tests and were carried out 
at stresses of two-thirds of the static 
ultimate strength. These stresses were 
6130 psi. for the Army duck laminate, 
16,500 psi. for the rayon base laminate, 
and 16,800 psi. for the paper-base lami- 
nate. These stresses are so very much 
higher than the stresses used in the 
present investigation, which were of the 
order of 1000 to 3000 psi., that it would 
not be permissible to extrapolate the 

13 J, Marin, ‘‘Static and Dynamic Creep Properties of 


Laminated Plastics for Various Types of Stress,”’ 
Technical Note 1105, N.A.C.A., February, 1947. 
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damping-stress relation reported in the 
present paper. It might, however, be 
pointed out that the relative rating of 
these three materials, in so far as energy 
absorption at a given stress is concerned, 
is the same for both investigations, 
Mr. Warner asks about the effect of 
temperature on the slopes of the damping 
capacity versus stress curves. No direct 
information on this point is available as 
the damping capacity tests were con- 
ducted at but one ambient temperature 
(approximately 77 F.). The specimen 
temperature during test was, of course, 
several degrees higher than the surround- 
ing atmosphere due to the absorption of 
energy through internal friction. The 
increase of specimen temperature over 
surrounding atmospheric temperature 
was kept as small as possible by running 
the tests rapidly and by allowing the 
specimen to cool between runs. Even at 
the highest stresses for which damping 
capacity data were taken, it is doubtful 
if the specimen temperature exceeded 
85 F. Evidently, the amount of heating 
which did take place had no important 
effect on the properties of the material, 
as a rerun of tests at low stress values 
after completion of the tests at higher 
stress values showed no appreciable dif- 
ferences in damping capacity values. 
The authors wish to express their ap- 
preciation to Mr. Findley for the interest 
he has taken in this paper and for the 
various comments he has made. How- 
ever, it should be made clear, first of all, 
that the method used in our paper does 
not assume that damping is viscous as 
Findley states in several places in his 
discussion. Furthermore, our Eqs. 1, 2, 
and 3 were not derived from considera- 
tions of the viscous damping case. 
The derivations of these equations 
were not given in the paper as they have 
already appeared in the literature." As 


pointed out by Lazan,™ they are more. 


general than the equations obtained for 


14 B. J. Lazan, ‘Some Mechanical Properties of Plas- 
tics and Metals Under Sustained Vibrations,”’ Transa¢- 
tions, Am. Soc. Mechanical Engrs., Vol. 65, p. 87 (1943). 
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the case of viscous damping and depend 
only on the condition that the force and 
the resulting displacement are sinusoidal. 
This condition may well occur, as a first 
approximation, for systems whose be- 
havior is much more complex than that 
represented by Eq. 6. It is also known to 
be experimentally satisfied as the oscilla- 
tor force is definitely sinusoidal as long 
s the frequency is constant, and Lazan 
found that the actual displacement was 
iso essentially sinusoidal. The damping 
apacity determined by Eq. 1 is a meas- 
ure of the energy absorbed due to the 
non-coincidence of the upward and down- 
ward portion of the stress-strain curve. 
It is this energy which was experi- 
mentally found to vary with the stress 
to the 2.3 power. 

The fact that truly viscous damping 
leads to an energy per cycle proportional 
to the stress to the 2.0 power means 
nly that hysteresis damping of poly- 
styrene specimens subject to oscillating 
tension-compression loads is not the same 
as viscous damping. There need be 
nothing perturbing about this fact, as 
there is no @ priori reason to expect that 
the damping would be viscous. 

Since Findley’s Eq. 6 is not a repre- 
entation of the actual system, the 
lynamic modulus and static modulus 

fed not be equal. There are many 
reasons for a difference to exist, and 
these have been pointed out previously 
y Lazan.'* One important one, in so far 
s our tests on polystyrene are con- 
emed, is the very large difference in 
rate of straining in the slow-speed static 
tests and the very high-speed dynamic 
‘st. This difference in rate of straining is 
ficiently great to produce a significant 
icrease of dynamic modulus over static 
nodulus. A separate study of the effect of 
rate of strain on the stress-strain proper- 
les of polystyrene is now under way, 
ind specific results will be reported soon 
in the literature. 
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It is suggested in Findley’s discussion 
that hysteresis damping can be treated 
mathematically by the introduction of 
so-called complex damping, such as has 
been considered for use in structures. It 
is difficult, however, to see the physical 
significance of this type of damping, 
especially when it appears as in Eq. 9 
in the form of a complex spring constant. 
A more reasonable approach to the prob- 
lem might be to assume a damping force 
proportional to some power of the ve- 
locity other than one and then solve the 
resulting differential equation by ap- 
proximate methods. Perhaps in this 
manner one could obtain an analytical 
expression for the damping capacity in 
agreement with the experimental results. 

In so far as the relation between 
creep and damping is concerned, our 
paper simply pointed out that both creep 
rate and damping capacity were found 
over the range of stresses investigated— _ 
to be proportional to a power function of 
the stress. This being so, elimination of — 
stress between the two equations would 
enable one to express 1000 hr. creep 
rates for polystyrene in terms of damp- 
ing capacity values. Findley’s objection 
to this correlation seems to be based on — 
the fact that for viscous damping, damp- 
ing capacity varies with stress to the 2.0 
power and for viscous creep, creep rate 
varies linearly with stress, and hence the 
relation between viscous damping and 
viscous creep is considerably different 
than the reported relation between 
hysteresis damping and actual creep 
rate. However, it has already been 
pointed out that internal damping in 
polystyrene is not viscous; also it is in- 
conceivable that flow in solid polystyrene — 
at room temperatures would be even ap- 
proximately Newtonian. As a matter of © 
fact, even well above its second-order 
transition temperature, where one might 
reasonably expect its behavior to be 


more like that of a Newtonian viscous 


; 
} 
i 
; 
I 


liquid, polystyrene is found to have non- 
Newtonian flow properties.'® 

In his discussion, Findley states that 
creep rates obtained from creep tests run 
in his laboratory on somewhat similar 
polystyrene specimens “agree reasonably 
well with the results presented by Marin 
and Cuff” for comparable stress values. 
In view of this correlation, it seems un- 
wise to state that the reported relations 
between creep rate and stress and be- 
tween damping capacity and stress are 
not correct because they offend “dimen- 
sional” sensibilities. As Bridgeman'® has 
stated, ‘In the face of a fact, there is 
only one possible course of action for the 
scientist, namely, acceptance, no matter 
how much the fact may be at variance 
with his anticipations and no matter 
what havoc it may wreck on his carefully 
thought-out theories.” 

It is also difficult to see why these rela- 
tions are “dimensionally untenable.” 
For example, does not a similar situa- 
tion exist in the accepted isentropic equa- 
tion of state for a perfect gas, namely, 
PV’ = constant, where P is the pressure, 
V the specific volume, and 7 the ratio of 
specific heat at constant pressure to 
the specific heat at constant volume? 
For air at ordinary temperature y = 1.4, 
thus leaving the constant with very 
peculiar dimensions. Just as this last 
equation is frequently written in the 
form of dimensionless quantities, that is, 
= , so could the damping 
Vi 
capacity - stress relation or the creep 
rate - stress relation. For example, let C 
of Eq. 4 equal the ratio of some unit of 
energy, W., to some unit of stress S,. The 
damping capacity - stress relation then 

15R. Buchdahl, “Rheology of Thermoplastic Ma- 
terials, I. Polystyrene,’’ Journal of Colloid Science, Vol. 3, 
No. 2, May, 1948. 


16 P, W. Bridgeman, Talk given at the Mid-Century 
Convocation of the Massachusetts Institute of Tech- 


nology, March 31-April 2, 1949. 
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AW 
becomes W, = S, and both sides 


are expressed in dimensionless form. 

In connection with the interpretation 
of resonant load capacity, the authors 
clearly pointed out that the use of this 
concept necessitated the making of a 
number of assumptions. One such as- 
sumption was neglect of the effect of 
thermal conductivity. Since our particu- 
lar interest was to show the combined 
interlocking effects of damping and 
fatigue resistance and since the thermal 
conductivities of the materials tested 
were of comparable order of magnitude, 
it was not felt that the omission was 
serious. Findley also discusses an ex- 
ample in which the fatigue strength is un- 
important, “so long as it is high enough 
that failure will not occur at the sub- 
jected amplitude.” Does this not mean 
that the fatigue strength must be con- 
sidered and, if maximum load is desired, 
will not fatigue strength and damping be 
important? 

Because the problem is complex is no 
reason for not attempting it, as Findley 
seems to suggest. Many scientific and 
engineering problems are of necessity 
complex, and it is only by making suit- 
able simplifying assumptions, such as 
the authors attempted to do in this 
paper, that the problem can be treated. 
Even though all of these assumptions 
may not hold, it seems worth while to 
point out the conclusions that follow and 
in this way to treat at least some definite 
problem in an analytic fashion. Later on, 
additional refinements can be made s0 
that eventually one should be able to 
treat analytically all the variables which 
enter into a given setup. Such a pr 
cedure seems more appropriate to the 
authors than a simple tabulation of the 
characteristics of the material 
question, 
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THE CREEP CHARACTERISTICS OF COMPRESSION 
MOLDED POLYETHYLENE* 


By G. R. Goun,! J. D. Cummincs,’ anp W. C. Extts! 


SYNOPSIS 


This paper describes studies made to determine the creep characteristics of 
compression molded polyethylene and polyethylene compounds similar to those 
now being used in the manufacture of the composite cable sheath known as 


“Alpeth.” 


were added to minimize deterioration by sunlight and the elements. 


The compounds contain carbon black and an anti-oxidant which 


Data, 


some of which cover a period of nearly three years, are presented to show the 
creep properties of these organic materials at various stress levels ranging from 

50 to 1000 psi. The effect of shelf aging and artificial weathering on the creep _ : 
of polyethylene and polyethylene compounds is also indicated. 


For the past sixty years, the conven- 
tional sheath for communication and 
power cables has been extruded from lead 
or lead alloys. Because of the periodic 
shortages of lead which have occurred 
since the first World War, studies were 
initiated to develop other types of 
sheath. As a result of these studies, a 
new sheath has been developed by the 
Bell Telephone Laboratories and the 
Western Electric Co. which is now being 
made for Bell System use at both the 
Kearny and the Hawthorne plants of the 
latter organization. This sheath (Fig. 
|), consisting of a composite covering of 
corrugated aluminum, water-resistant 
compounds and an outer coating of 
polyethylene, has been termed Alpeth, a 
name coined from the two _ words, 
luminum and polyethylene (1, 2)2. The 
polyethylene contains carbon black and 
an anti-oxidant, added to minimize 


be se resented at the Fifty-second Annual Meeting of 
¢ Society, June 27-July 1, 1949. 

‘Member of Technical Staff, Bell Telephone Labora- 
nies, Inc., New York, N. Y 
' * The boldface numbers in parenthesis refer to the list 
telerences appended to this paper, see p. 1151. 
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deterioration of such an organic com- 
pound when exposed to sunlight and the 
elements. 

Properties of cable sheathing materials 
of interest to the designer include a 
knowledge of the stability of the ma- 
terial, wear and abrasion resistance, 
fatigue strength, and creep character- 
istics. This paper deals with a study of 
the creep characteristics which are also 
related to stress relaxation and fatigue. 
The present authors are not aware of any 
reported information on the creep prop- 
erties of polyethylene. 


MATERIAL INVESTIGATED 


The materials studied in this investi- 
gation were all compression molded 
sheet stock having a nominal thickness 
of 0.125 in. and made with or without the 
addition of antioxidants and carbon 
black. They are designated: 


Lot A.—Clear, molded by Western Felt 
Works from raw material obtained from 
supplier M. This lot, which contained no 
carbon black or antioxidant, was tested 
“as received” and also after shelf aging. 


3 
fe | 
| 
| 
| 
5 
i 


Lot B.—Black, molded by Bell Telephone 
Laboratories from compound obtained from 
supplier M. This compound contained 
1 per cent carbon black and 0.2 per cent 
antioxidant. 

Lot C.—Black, molded by Bell Telephone 
Laboratories from compound obtained from 


\\ 


\\ 
\ 


ic, 1.—Dissected Alpeth Cable. 


FROM ENDS OF 
REDUCED SECTION 
TO MIODLE. 


Gorn, Cummincs, AND ELLIS 


NOTE-1 MUST BE MILLED SMOOTH. NO 
GRADUAL TAPER LAYOUT MARKING ON SURFACE | 


supplier N. This compound contained | 
per cent carbon black and 0.2 per cent anti- 
oxidant. Lot C was tested “as molded” 
and also after shelf aging. 

Lot D.—Black, molded by Bell Telephone 
Laboratories from compound obtained from 
supplier M. This compound contained 2 
per cent carbon black and 0.2 per cent anti- 
oxidant. Lot D was tested after shelf 
aging and also after artificial aging. 


Metuops or Test AND Test Dam 


The creep characteristics of the com- 
pression molded polyethylene sheet were 
determined on specimens cross milled to 
the dimensions shown in Fig. 2. This 
specimen is similar to the standard 2-in. 
gage length tension test specimen shown 
in Fig. 2 of A.S.T.M. Standard Methods 
of Tension Testing of Metallic Materials 
(E 8 — 46)* except that for all lots but A, 
a 3-in. gage length was used. The creep 
tests were made by hanging the test 
specimens on specially designed racks, 
which have been previously described 
by Gohn, Arnold, and Bouton (3). All 
loads were applied directly as shown in 
Fig. 3 of that paper (3) and the tests 
were made at 85 F. The extension was 
determined in the manner previously 
described (3) for specimens of lead cable 
sheath using scribed bench marks to 
define the gage length. The cathe 
tometer readings had a precision ¢ 
+0.1 per cent for the 2-in. gage lengtli 


31946 Book of A.S.T.M. Standards, Part I-A, p. ® 
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Fic. 3.—Creep of Clear Compression Molded Polyethylene Sheet (Lot A). 
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Fic. 5.—Creep of Compression Molded Ployethylene Sheet Containing 1 per cent Carbon Black 


and 0.2 per cent Antioxidant. (Lot Cc). 
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ind +0.07 per cent for the 3-in. gage Figures 6 and 7 show the effect of — 
engths. shelf aging and artificial weathering on 
Figures 3, 4, and 5 contain elongation- the creep characteristics for lots A, C, 
time data for lots A, B, and C, respec- andD. The data are, in most instances, 
tively, tested at a series of stresses averages for two tests. 
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Fic. 6.—Effect of Shelf Aging on Creep of Compression Molded Polyethylene Sheet. 
(a) Clear Sheet (Lot A). 
(6) Sheet Containing 1 per cent Carbon Black and 0.2 per cent Antioxidant (Lot C). 


ranging from 50 to 800 psi. The curves The artificial weathering consisted of 
plotted with hollow circles represent the exposure of the test specimens for a 
average of two specimens. In Figs. 3 period of 1000 hr. to a high intensity 
and 4 the curves plotted with solid circles carbon arc approximating the frequency 
show the effect of unload-reload cycles. range of natural sunlight in combination 
In these tests, only a single specimen was_ with exposure to elevated temperature 
used at each stress. and water spray. ‘The test was carried 
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Fic. 7.—Effect of Artificial Weathering on Creep of Compression Molded Polyethylene. She 
Containing 2 per vent Carbon Black and 0.2 per cent Antioxidant. (Lot D). 
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out in a modified National Model X-1A 
—Accelerated Weathering Unit from 
which the Corex D glass filters were re- 
moved. The exposure consisted of a 
series of 120-min. cycles, each of which 
included 30 min. in shadow followed by 
9) min. of direct exposure to the light. 
Each cycle included a water spray at the 
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C, and D, polyethylene sheet, shown in 
Figs. 3, 4, and 5, respectively, are much 
the same. There is an initial rapid 
extension which increases in value with 
increasing stress. The initial rapid ex- 
tension is completed within a few hours 
at low stresses but may require as long as 
2000 hr. at higher stresses. This initial 
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(a) Stress versus Creep Rate (2). 
(6) Stress versus Zero Intercept 
Nominal Thickness 0.125 in. Tested at 85 F. 


beginning of the light exposure period. 
During exposure the surface of the 
specimen reached a temperature™ of 
approximately 194F. (90C.). 


DISCUSSION OF RESULTS 


General Creep Characteristics: 


The creep characteristics of lots A, B, 


Fic. 8.—Creep Characteristics of Compression Molded Polyethylene Sheet. 


ZERO INTERCEPT, (€9), IN. PER INCH 


elongation is followed by a second stage 
of slow extension during which the creep 
rate decreases gradually and approaches 
but never quite attains a constant rate. 
This behavior—the high initial rate of 
extension followed by a period of less 
rapid creep—has also been reported for 
molded phenolic plastics (4, 5, 6, 7) 


‘ 
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cellulose acetate (8) and other thermo- 
plastic materials (7). 

Creep rates for lots A, B, and C after 
10,000 hr. of test are shown in Fig. 8(a) 
for various stress levels. An associated 
curve, Fig. 8 (b), gives the corresponding 
strain intercepts at zero time for the 
creep rates shown in Fig. 8 (a). The 
strain intercept is an index of the amount 
of initial extension and becomes quite 
large, approaching 100 per cent elonga- 
tion at high stresses. In this respect the 
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Fic. 9.—Creep Characteristics of Clear Com- 
pression Molded Polyethylene Sheet (Lot A)— 
Relation Between Stress, Permanent and Total 
Strain. 

Curve A-—Total Strain After 10,750 hr. of 
Creep. 

Curve B—Permanent Deformation after 10,750 
hr. of Creep Followed by 600 hr. Without Loading 


polyethylene compounds, as do many 
other plastics, differ from metals which 
usually show relatively small creep in the 
initial stages. 

Creep rate data for lots A, B, and C 
are not explicitly shown for time intervals 
of less than 10,000 hr., but such values 
can be derived from the elongation-time 
curves. If this is done, it is found that 
the creep rates are higher for time inter- 
vals of less than 10,000 hr., the rate 
decreasing with increasing time under 
load. For this reason creep rate data 
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are not included in Fig. 8 (a) for lot D 
material which was under test for only 
3500 hr. The lack of constancy of creep 
rate in the second stage, which differs 
from the behavior of most metals, sug. 
gests that creep studies on polyethylene 
and similar plastic compounds should be 
continued for a minimum period of 
10,000 hr. if significant creep rates are to 
be obtained. Even after this period of 
time, the tangent creep rate may not 
be constant but will probably be only 
slightly less than the secant creep rate 
for the last 2000 to 5000 hr. 

Whereas in metals the strain rate in 
the second stage of creep portrays 
reasonably well the engineering prop- 
erties under sustained load, such is not 
the case with polyethylene compounds. 
There are two reasons for this: first the 
major part of the elongation of the 
polyethylene sample may occur in the 
initial stages and, secondly, the plastic 
will not sustain a reasonable amount of 
stress until it has undergone some strain. 
It is therefore important that the strain 
intercept data be presented with any 
creep rate data or that the total strain 
for any given stress be included in any 
comparison of the creep characteristics 
of polyethylene compounds. The latter 
method of presentation is used in Fig. 9 
which shows the total strain after 
10,750 hr. of stress for lot A material. 
This curve also shows that a high per- 
centage of the initial strain is recoverable 
upon unloading, another marked dif- 
ference in the creep behavior of poly- 
ethylene as compared to metals. 

The general level of creep strength for 
the polyethylene compounds in com- 
parison with some lead alloys is o 
interest in connection with cable sheath 
ing applications. At stresses of engi 
neering interest (below 400 psi.), the 
creep strength of the polyethylene, 4 
indicated by the rate of creep during the 
second stage, is comparable to that 
lead and its alloys. It is important 0 
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keep in mind, however, that this creep 
rate is only realized after a _sub- 
stantial initial elongation. For ex- 
umple, at a steady stress as low as 50 
psi., the low “steady” creep rate operates 
only after the specimen has extended 
about 0.3 per cent in the initial stage of 
reep, whereas in lead sheathing alloys 
the extension at this low stress level is 
less than the precision of the measuring 
equipment. This phenomenon bears on 
the engineering use of polyethylene for 
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Fic. 10.—Creep Characteristics of Compression 
Molded Polyethylene Sheet. Per cent Recovery 
During Unloading Cycle. 
cable sheath applications because if the 
polyethylene is to sustain the steady 
stress, the cable structure must be such 
is to permit freedom for the develop- 


ment of an initial strain of a substantial 
amount. 


Unload-Reload Strain Cycles: 


During the course of the creep tests, 
studies were made to determine the 
strain recovery at various stress levels 
following an unloading cycle and the 
elect of such unloading upon the creep 
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rate following reapplication of the load. 
The effect of one such unload-reload 
cycle on the creep of specimens of lot A - 
material and two such cycles on the creep 
-of specimens of lot B material are shown 
in Figs. 3 and 4. Substantial detail of 
the changes noted in the first unload- 
reload cycle are shown in Fig. 4. These 
data represent the strain changes which 
occurred at 85 F., the testing tem- 
perature, and would undoubtedly be 
somewhat different at other tempera-— 
tures. As shown in Figs. 9 and 10, the 
strain recovery is an appreciable per- 
centage of the total strain at all stress 
levels. Relaxation or elastic recovery 
upon removal of the steady load has also 
been reported in creep tests on molded 
phenolic plastics (5, 6). A similar, but © 
less marked, recovery for some of the © 
other thermoplastic materials is like- — 
wise shown in short-time tests of only — 
100 hr. duration reported by Delmonte 
and Dewar (7). , 

A study of the data shown in Figs. 3 — 
and 4 indicates that the “steady” creep 
rate is not materially affected by the 
unload-reload cycles. The prior history 
of one such cycle does not appear to have 
influenced the creep behavior during 
the second unload-reload cycle (Fig. 4) 
nor to have affected the subsequent 
creep behavior. It almost appears as if 
the test had been started initially from 
the condition of last unload. The 
elastic strain recovery in polyethylene is 
very much larger than that observed _ 
with metals where the recovery is 
generally insignificant in comparison 
with the inelastic plastic flow observed 
in the creep test. This difference in 
behavior requires a modification in the 
presentation of the data from that 
normally used for metals as was dis- 
cussed in a preceding paragraph. : 


Comparison of Lots A, B, and C: 


The data shown in Fig. 8 (a) on creep 
rates for lots A, B, and C polyethylene — 
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sheet after 10,000 hr. of continuous load- 
ing, and in Fig. 8 (6) for the correspond- 
ing zero strain intercepts admit of only 
limited general conclusions. However, 
jit should be noted that there was no 
substantial difference in either the creep 
rates or the zero strain intercepts as a 


= of adding carbon black and anti- 


oxidant to the polyethylene. ‘The simi- 
lar creep characteristics of lots A, B, and 
-C polyethylene sheet are even more 
clearly shown in Fig. 11 in which the 
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Fic, 11.—Creep Characteristics of Compression 


_ Molded Polyethylene Sheet. Total Creep After 
10,000 hr. 


total creep for each of the three lots is 
shown at various stress levels. The 
— additions, however, were not made to the 

~ same lot of base compound or in the same 
amounts, which narrows somewhat the 
generality of any conclusions drawn from 
the data. 


Effect of Shelf Aging on ( ‘reep of Poly- 
ethylene: 


It was observed during the course of 
_ these studies that shelf-aged samples had 
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different creep characteristics than did 
specimens of the same lot tested soon 
after molding. This is illustrated jp 
Fig. 6 (a) which shows that shelf-aged 
specimens had a much slower rate of 
creep at a stress of 1000 psi. than 
did unaged specimens. Furthermore, 
it should be noted that the unaged 
specimens failed at a stress of 1000 psi, 
in 28 hr. whereas the shelf-aged speci- 
mens are still unbroken after 3200 hr. 
This would indicate that aging has 
some effect upon the time-to-fracture, or 
the stress-rupture characteristics as it is 
generally termed. 

It has likewise been observed in speci- 
mens first stressed at 800 psi. and then 
subjected to an increase in stress to 1000 
psi. that fracture was delayed for at least 
several thousand hours. At 800 psi. 
the tests have extended over but a short 
period of time and hence show only the 
effect of shelf aging in the initial stage 
of the test. At this stress level (see Fig. 
6 (b)), the shelf-aged specimens had a 
smaller immediate extension than did 
the unaged specimens and a longer 
period of time is required for the creep 
rate to approach a constant value. The 
general trend of the two curves shown 
in Fig. 6 (6), however, suggests that 
after several thousand hours the effect of 
aging prior to test at 800 psi. may 
become trivial. These data were ob 
tained from exploratory tests and do not 
represent results from a sufficient num- 
ber of samples to warrant any general 
conclusions but are given as interesting 
observations. However, other invest 
gators, particularly Findley (8), have 
also observed that aging prior to tes! 
markedly reduces the total extension 
occurring during the first stage of creep 
in tests made on cellulose acetate sheet. 


Effect of Artificial Weathering: 
The effect of artificial weathering 


specimens from lot D material prior 
creep testing at stresses ranging from 20 
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to 800 psi. is shown in Fig. 7. The 
curves through the hollow circles repre- 
sent tests on specimens which were 
artificially weathered for a period of 1000 
hr. while the companion curves through 
the triangles represent tests on samples 
which were shelf aged for the same 
period of time prior to test. These tests, 
which cover 3500 hr. of sustained load- 
ing, show substantial agreement at 
stresses of 200 and 400 psi. At higher 
stresses the differences are not deemed 
significant. The data would indicate 
that artificial weathering does not ma- 
terially change the creep characteristics 
of polyethylene containing carbon black 
and an anti-oxidant. 


CONCLUSIONS 


Creep tests on polyethylene indicate 
that the creep characteristics are es- 
sentially the same whether tested as 
clear compression molded sheet or as 
compression molded sheet containing 
additions of carbon black and an anti- 
oxidant. Unlike the metals, polyethyl- 
ene shows high elastic and plastic de- 
formation during the first stage of creep. 
The elastic component represents a high 
proportion of the total creep occurring 
during this period. Upon unloading, as 
much as 78 per cent of the total elonga- 
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Mr. W. N. Frnpiey' (by letter).— 
The authors have presented some very 
interesting data on creep of a thermo- 
plastic. These data provide a means of 
, testing the applicability to this material 
of an observation the writer recently re- 
ported for creep tests of certain lami- 
nated plastics.” It was observed that the 
per cent increase in strain from one time 
(say the time immediately after loading) 
to another time was nearly constant for 
any value of stress at the given tempera- 
ture for each laminate tested. This per 
cent increase has been called creepocity. 
It has been suggested that creepocity 
may prove to be a useful term to supple- 
ment creep rate in comparing the creep 
resistance of those materials to which 
creepocity is found to apply. 

The writer measured the creep at three 
different times from the uninterrupted 
creep tests shown in Figs. 3, 4, and 5, of 
the paper. The times chosen were 0, 
1000, 20,000 hr. for lot A material; 0 
400, 11,200 hr. for lot B; and 0, 500, 
11,000 hr. for lot C. In making these 
measurements the writer has assumed 
that the instantaneous strain which oc- 
curred on loading was represented by the 
first test point shown for these tests and 
has used this as the initial strain. 

From these data the per cent increase 
in strain (creepocity) was computed for 
the three time intervals shown in the 
accompanying Table I. These values 
show no consistent variation with stress, 
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DISCUSSION 


as was also observed for plastic 
laminates, and have about the same or. 
der of magnitude within each time inter. 
val and each material. 


TABLE _I.—TRUE STRESS, TRUE STRAIN, AND 
CREEPOCITY FROM CREEP TESTS OF 
POLYTHYLENE. 


‘¢ | Tru Creepocity, 
& | Stress, | Prony per cent increase 
| | psi in strain® 
ig| 23] 8 
& BESBES ES 
| ale a = é 
Lot A so) || | 100 | 100 0 
* | 100] | 100 | 100 | 9 
| 150 | 131 | 131 | 9 
| 250; | | 92 | 132 | a 
| 400| 410, 426 0.063, 100 | 150 | 35 
600, 626 714 0.042) 0.175, 214 | 345 | 41.5 
800' 1088 1400) 0.308 0.560, 78 | 108 | 17 
—| |_| |— 
<= | on 
Lot B | 50) 0 | 0 
100! 133 | 167 | 14.3 
150) 44.5) 66.8) 15.4 
200 46.1) 84.7, 26.3 
300 306) 311) 0.036 60 | 85 | 15.6 
| 400) 413) 425' 0.032 0.059) 63 | 87.8) 15 


600 652) 712, 0.083 0.171, 63 | 117.5, 33.6 
800 1092 1248| 0.309| 0.445| 31 | 547) 18 


pian: 
| | 
Lot C 50 | | 100 | 100 | 0 
100 | 60 | 80 | 125 
150 33.5) 44.5 8.3 


200) 33.3) 53.3, 15 
300! 306 314 | 66.8 110 | 25.7 
| 400, 413 426 | 0.064 84 | 113 | 15.9 
| 600 642 719 0.067 0.182 109 | 188 | % 


| 800, 976 1344, 0.119, 0.519 141 | 210 28.3 


* The creepocities shown are based on the values of 
ordinary strain measured from Figs. 3, 4, and 5 of the papet. 


There is, however, deviation from 4 
constant value especially at both low and 
high stresses. At low stresses the devia- 
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tions may be caused by the fact that the 
strains were not accurately known to the 
writer because of difficulties in accurately 
measuring the curves and possibly also 
because the precision of the strain read- 
ings reported by the authors allowed 


specimen must occur with a resulting in- 
crease in stress at constant load. Also 
for such large elongations the ordinary 
definitions of strain based on the original 
length has been found? to be inconsistent. 
It has not been the custom to consider 
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Fic. 12—Stress-Strain Curves Constructed from Creep Data for Lot C Polyethylene. 
Showing Nominal Stress and Ordinary Strain Values; and True Stress and True Strain Values at the Start of the 


Creep Tests and at the End of the Creep Tests. 


+35 per cent possible variation for the 
smallest strains. 

At high stresses there are two factors 
which may account for the variations 
in creepocity noted: (1) the initial strains 
shown in the table may in some cases 
have been measured after the load had 
been applied for a time sufficient for 
creep to have occurred, (2) the stress in 
the specimens carrying the highest loads 
changed considerably during the tests. 

For elongations as large as observed 
in these tests (75 per cent in one case) 
substantial reduction in area of the 


these factors for ordinary creep testing; 
but, for the purpose of this discussion 
corrections may be made as follows. 

If the volume of material remains con- 
stant during straining and the straining 
is uniform over the gage length it may be 
shown’ that the so-called true stress 
S’ is given by the relation 


S’ = § (1+ 6) 


where S is the nominal stress and e is 
the per cent elongation. Non-uniform 


2P. Ludwik, ‘‘Elemente der Technologischen Me- 
chanik,”’ Julius Springer, Berlin (1909), 
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straining, necking down, was not re- 


ported by the authors. However, if it - 


occurred, the true stress would be larger 
even than calculated by the above 
equation. 

The definition of strain (called true 
strain) which has been suggested for 
use with large elongations is 


to 


which may be shown’ to reduce to 
= In, (1+ ©) 


where ¢ is the per cent elongation. 

The values of true stress and true 
strain have been computed for the unin- 
terrupted tests shown in Figs. 3, 4, and 5 
of the paper for the initial test points of 
specimens at the highest stresses. These 

‘values are shown in Table I for values 
which differ significantly from the nomi- 
nal values. 

A diagram of stress versus strain for 
lot C material is shown as an example in 
the accompanying Fig. 12. Both nominal 
values of stress and strain as well as true 
values are shown for the initial values 
and also for the values of stress and strain 
after 11,000 hr. of creep. 

Figure 12 indicates that the test at a 
nominal stress of 800 psi. had a true 
stress of 976 psi. immediately after load- 
ing and 1344 psi. at the end of the test. 
Thus in this example the stress increased 
38 per cent during the test. This increase 
in stress for the highest stressed speci- 
mens may have a large effect on the 
creepocity. 

It may also be of interest to consider 
what effect a change from nominal to 
true stress would have on the derived 
curves presented in the paper. A change 
from the nominal to true stresses would 
alter Figs. 8, 9, 10, and 11 of the paper 
markedly by making the hizhest stresses 
much higher. If all the creep tests could 
have been conducted at constant stress 
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_ reverse curvature of the diagrams shown 


MoLDED POLYETHYLENE 


and true strain had been used there 
might also have been some change in the 
creep rates shown in Fig. &(a). 

The shape of the curves in Fig, 8(a) 
resulting from a change to true stress 
versus creep rate suggests that the dat, 
may fit a hyperbolic sine equation as 
postulated by the activation energy 
theory. The creep data for many metals 
and some ‘plastics have been shown to 
fit this equation.‘ 

The change to true stress changes the 


in Figs. 8(b) and 11 to curvature all of 
one sign which seems more reasonable, 
This change also makes the curves in 
Fig. 10 nearly straight lines. 

The authors have stated “Upon un- 
loading, as much as 78 per cent of the 
total elongation is recoverable whereas 
in the case of metals little or no recovery 
is evident upon unloading.” It might be 
helpful in evaluating this situation if 
the authors would in_icate what propor- 
tion of the recovery referred to was in- 
stantaneous and what portion was de- 
layed recovery. The writer’s recovery 
tests, most of which are unpublished, 
indicate that for some plastics the in- 
stantaneous recovery is nearly equal the 
instantaneous strain on loading. 

If this is true of the present tests most 
of the observed recovery would be in- 
stantaneous and nearly equal to the 
initial instantaneous strain as is also true 
of metals. The difference between the 
recovery behavior of plastics and metals 
would then be found in the difference 
between the ratios of total strain after 
creep to instantaneous strain for plastics 
compared to that for metals. 

It would also be of interest to know 

4W. Kauzmann, “Flow of Solid Metals from the 
Standpoint of the Cherical-Rate Theory,’’ Transactions, 
Am. Inst. Mining and Metallurgical Engrs., Vol. 143, p. 
‘ W_N. Findley, C. H. Adams, and W. J. Worley, “The 
Effect of Temperature on the Creep cf Two Laminated 


Plastics 2s Interpreted by the Hyperb:tic-Sine Law @ 
Activation Energy Theory, Proceedings, Am. Soc. Testing 


Mats., Vol. 48, p. 1217 (1948). 
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whether the instantaneous recovery of 
specimens which had experienced large 
elongations was greater than the in- 
stantaneous strain on loading. This might 
be expected if the stiffness of the mate- 
rial was unaffected by the straining since 
the change in true stress on unloading 
was much larger than the change in the 
true stress on loading for the specimens 
which had experienced large elongations. 

Mr. J. W. Westwater?® (by leller).— 
The information contained in this paper 
is very welcome, for the amount of pub- 
lished creep data for plastics is stili very 
small. In some respects, however, the 
facts are too condensed. For creep tests 
it is always desirable to know the degree 
of control of temperature. For plastics, 
the degree of humidity control is of 
interest, even if the plastic is claimed to 
be impervious to moisture. It would also 
be profitable to know a few of the physi- 
cal properties of the creep specimens. 
What were the static tensile strengths, 
static elongation at break, etc? Static 
stress-strain curves would add to the 
value of the paper. . 

Mr. R. H. Carey‘ (by letter) —The 
authors have contributed much toward 
an understanding of the mechanical 
properties of a relatively new material. 
The unusual properties of polyethylene 
have resulted in much confusion about 
its proper use. 

In conjunction with the authors’ 
paper, the writer would like to call atten- 
tion to a paper which is planned for 
presentation at the American Chemical 
Society Meeting in September.’ 

In this paper, tensile stress-strain and 
torsional torque-deflection data for vari- 
ous molecular weight polyethylene resins 
over a temperature range from —125 C. 
to +25 C. are given. It is believed that 


‘Assistant Professor of Chemical Engineering, Uni- 
versity of Illinois, Urbana, III. 

Bakelite Corp., Bound Brook, 

*R. H. Carey, G. J. Dienes, and E. F. Schulz, ‘““Me- 
chanical Properties of Polyethylene,” to be published. 


such data will supplement the creep in- 


formation presented here. 

The authors state that “the major part 
of the elongation of the polyethylene 
sample may occur in the initial stages 
and, secondly, the plastic will not sustain 
a reasonable amount of stress until it 
has undergone some strain.” The refer- 
ence given above contains a partial ex- 
planation of this phenomenon in pre- 
senting data on the apparent modulus of 
elasticity of polyethylene. Under moder- 
ate rates of straining, the apparent 
modulus of elasticity of polyethylene 
(at 25 C.) varies between 20,000 and 
40,000 psi. depending upon molecular 
weight and filler. 

Mr. C. H. Apams® (by letter).—The 
authors have made a notable contribu- 
tion to the knowledge of the engineering 
behavior of plastic materials. It is par- 
ticularly gratifying that the subject 
matter has been presented in such a 
manner that the engineering importance 
of the data obtained is given the empha- 
sis it deserves. 

Despite careful perusal of this paper, 
no information could be found regarding 
the molecular weight of the various 
polyethylene materials studied. This in- 
formation would have served to char- 
acterize the materials and aided in the 
interpretation of the results. 

It is interesting to note that the 
authors observed a similarity between 
the effect of shelf aging and prior under- 
stressing in delaying stress rupture at 
high stresses. Has any work been done to 
arrive at an explanation for the mecha- 
nisms responsible for this phenomenon? 
Is there any indication that shelf aging 
and prior understressing give rise to the 
same change in molecular aggregation? 

The authors note that other investiga- 
tors, particularly Findley, have observed 
that aging prior to test markedly reduces 


® Research Dept., Plastics Div., Monsanto Chemical 
Co., Springfield, Mass. 
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the total extension occurring during the 
first stage of creep. They point out that 
Findley’s observations were made. on 
cellulose acetate. It seems that the aging 
of cellulose acetate should be considered 
in a different light from that of poly- 
ethylene. The changes in physical proper- 
ties of cellulose acetate with aging are 
due to (1) degradation of the resin and 
(2) loss of plasticizer whereas poly- 
ethylene aging proceeds as a degradation 
of the resin only, since it is an unplas- 
ticized material. 

In conclusion, let me again commend 
the authors for this excellent paper. 

Messrs. G. R. Goun, J. D. CUMMiNnGs 
AND W. C. ELLIs (authors’ closure by 
letter).—In preparing the present paper, 
the authors have attempted to present 
data on one of the useful engineering 
properties of polyethylene. All four lots 
of polyethylene investigated were basi- 
cally materials having a plasticity num- 
ber of approximately D52 at 130 C. as 
determined with the Williams plastom- 
eter.® The use of such plasticity numbers 
is, in our opinion, preferable to the use 
of molecular weights in describing ethyl- 
ene polymers. The tensile strength of the 
various polyethylene compounds ranged 
from 1600 to 1900 psi., while the elonga- 
tion including cold drawing varied from 
400 to 600 per cent in 1 in. Stress-strain 
curves, however, were not taken for the 
specific molded sheets used in these 
studies. The various lots differed 
primarily in the source of polymerized 
material, the date of manufacture, vari- 
ation in the amounts of added carbon 
black and antioxidant used in compound- 
ing the several lots and in the details of 
the molding practices employed in their 
manufacture. As can be seen from Figs. 
8 and 11, these variations have had only 
a nominal effect upon the over-all creep 
characteristics of the several lots. 


® Bureau of Ships Specification on Polyethylene Di- 
electric for Radio Frequency Cables; RE 9172. 
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All the creep tests described by the 
authors were made in a laboratory in 
which the temperature was controlled 
within the limits of 80 to 85 F. The 
humidity of the laboratory was not con- 
trolled during these tests and the authors 
believe that the creep characteristics are 
not significantly affected by variations 
in humidity. 

The additional data on the properties 
of polyethylene, which Mr. Carey and 
his associates plan to present in a paper 
before the American Chemical Society, 
should be of considerable interest and 
will, undoubtedly, contribute to a better 
understanding of the polymer. Our own 
data on the effect of shelf aging and pre- 
stressing, although not conclusive, were 
included in the present paper with this 
idea in mind, but we have not yet con- 
sidered the questions of mechanism and 
molecular aggregation which have been 
raised by Mr. Adams. 

The stresses and strains reported in 
ihe present paper were computed from 
the initial cross-sectional areas and gage 
lengths, in accordance with general en- 
gineering practice. True stress and strain 
values can be derived, by those who are 
interested, from the data presented in 
the paper as Mr. Findley has done in 
preparing his Fig. 1. In his use of the 
authors’ data he has assumed that the in- 
stantaneous strain which occurred upon 
application of the load was represented 
by the first test point shown in Figs. 3, 
4, and 5 of the paper. Actually the first 
point shown in these three figures cor- 
respond to extensions as measured after 
a time interval varying from 15 sec. to 
1 or 2 min. following application of the 
load. Because of the condensed time axis 
used in presenting the data on these 
figures, the points appear to correspond 
to zero time. Their use as such will lead 
to considerable error in the application 
in any equations involving strain values 
at zero. time because the strain values 
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re increasing rapidly during this time 
nterval. In the case of the data presented 
in Fig. 7, the initial readings for the ex- 
panded time scale are accurately por- 
trayed at the time interval as measured 
from zero time, and it is suggested that 
these data might be used to better ad- 
vantage in Mr. Findley’s analysis. 
Furthermore, the authors do not believe 
that significant instantaneous strain 
eadings can be obtained. For example, 
in order to avoid any shock or impact 
oading, it is necessary to apply the load 
gradually to the creep test specimen. For 
higher stresses this time period may be as 
much as 5 sec. Under such conditions 
instantaneous strains tend to merge into 
the points on the creep curve with only a 
very slight change in slope. The behavior 
undoubtedly takes place at lower loads 
but to a lesser degree. Similarly, we do 
not believe that a significant comparison 
can be made between instantaneous re- 
covery upon unloading and instantane- 
ous strain upon reloading. The authors 
would not wish to go beyond the evi- 
dence shown in Fig. 4 which shows that 


both the initial recovery upon removal 
of the load and the initial extension upon | 
reloading are quite rapid. 7 

Figures 8(6) and 11 are derived from 
elongation-time curves in which the true 
stress is constantly changing. The 
authors are, therefore, at a loss to know 
what significance can be attached to the 
true stress plots suggested by Mr. 
Findley. Mathematically in the case of 
Figs. 8(a) and 10, true stress values 
could have been used equally well in 
place of nominal stress values in plotting 
the test results, but such calculations 
implicitly assume that the creep data on 
polyethylene are independent of the 
prior strain history. We do not believe 
that this assumption is valid. Some evi- 
dence in support of this belief is presented 
on page 1150 of the paper. 

In conclusion, the authors have been 
encouraged by the discussion stimulated 
by the publication of their data on the 
creep characteristics of compression 
molded polyethylene and wish to take 
this opportunity to thank those that 
have contributed to the written 
discussion. 


ae 
4 
& 
i i 
{ 
2 


BENDING, AND TORSION* 
By JosepH Marin! AND GEORGE CurF! 


SYNOPSIS 


In this paper, creep-time relations for polystyrene subjected to tension, 
bending, and torsion were obtained. The influence of the magnitude of the 
stress and time upon the creep deformations was determined for each of the 
foregoing types of stress. Control tests and stress-strain or load-deformation 
relations were obtained for simple tension, compression, simple bending, pure 
bending, and torsion. 

A number of methods of interpretation of the creep test results were applied 
for the purpose of obtaining a suitable stress-creep-time empirical relation. 
It was found that a log-log relation between the 1000-hr. creep rate and stress 
approximately represents the data for the three types of stress considered. 
Theoretical values of the creep rates for bending and torsion, based on the ten- 
sion log creep rate - log stress relation, agreed approximately with the actual 


CREEP-TIME RELATIONS FOR POLYSTYRENE UNDER TENSION, 


The available information on the 
mechanical properties of high polymers 
is rather limited. For this reason an in- 
vestigation of the mechanical properties 
of polystyrene was conducted and is re- 
ported in this paper. The results given 
include the mechanical properties under 
simple static tension, compression, bend- 
ing, and torsion stresses. ‘The foregoing 
control tests were made in order to spe- 
cify as completely as possible the material 
tested. In addition to the usual tension 
creep-time relations, creep-time relations 
in pure bending and torsion were ob- 
tained. 


STRESS-STRAIN RELATIONS FOR VARIOUS 
SIMPLE STRESSES 
Material Tested: 
The material tested in this investiga- 


* Presented at the Fifty-second Annual Meeting of 
the Society, June 27-July 1, 1949. 

1 Professor of Engineering Mechanics and Research 
Assistant, respectively, Pennsylvania State College, 
State College, Pa. 


creep rates obtained in the bending and torsion tests. 


tion was a grade of polystyrene manu- 
factured by the Monsanto Chemical Co. 
and known commercially as Lustrex LX. 
Its average molecular weight as reported 
by the Monsanto Plastics Laboratory is 
between 67,600 and 68,700 (as deter- 
mined in accordance with the Staudinger 
method). The material tested was 
molded in the form of flat sheets 12 by 
12 in. with a thickness of 3, 3, or 1 in. 
All the material was examined under 
polarized light before use, and every ef- 
fort was made to obtain essentially stress- 
free sheets. The average hardness of the 
sheets, using the Rockwell M scale, was 
found to be M 78. 

A thermoplastic material was selected 
rather than a thermosetting plastic be- 
cause of its greater homogeneity and be- 
cause there is little information available 
on the creep properties of these materi- 
als under various stress conditions. 
Polystyrene was chosen because It 


j ce 
m 
. fr 
m 
| 

C 
r 
\ 

a 


could be produced essentially without 
directional properties and because any 
residual stresses present after molding 
-ould be easily detected. 


Test Specimens: 


Specimens for control tests in tension, 
compression, bending, and torsion of di- 
mensions shown in Fig. 1 were machined 
from the flat sheets. At least five speci- 
mens were tested for each type of loading 


TENSION SPECIMEN 
Pp 


SIMPLE BENDING SPECIMEN 


2] 


PURE BENDING SPECIMEN 

L 


TORSION SPECIMEN 


Fic. 1.—Control Test Specimens of Polystyrene, 


condition. Prior to testing, the speci- 
mens were kept for at least 72 hr. in a 
room with controlled humidity and tem- 
perature where the relative humidity was 
held at 50 + 2 per cent and the tem- 
perature at 77 + 2 F. 


Control Test Results: 


All control tests except the torsion 
tests were made in a 60,000-lb. capacity 
Baldwin Southwark Tate-Emery uni- 
versal hydraulic machine. The average 
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values of the significant mechanical prop- 
erties for the various types of stresses are 
summarized in Table I and the stress- 
strain or load-deformation curves are 
shown in-Figs. 2 to 6. In these graphs, 
the circles with crosses represent fracture 
while the open circles represent test 
points. In all tests the rates of straining 
(rates of crosshead motion) were main- 
tained approximately equal to values 
recommended by the A.S.T.M. Stand- 
ards. 

In making the /ension control lesls, a 
type A-1 SR-4 electrical strain gage was 


TABLE I.—-MECHANICAL PROPERTIES OF 
POLYSTYRENE (LUSTREX). 


Modu — Ductil- 
ls of | Nominal | at to 
Type of Test — | Strength, Frac- in-lb. per 
ture, cu. in 
I per cent 
| 
ee 450 000 | | 5 700 1.35 37.1 
Compression. .... 450 000 | (12 400)4| .... (171)¢ 
Torsion ... 170000 5 400 3.1 41 
Simple bending... 470000} 7 350° 
Pure bending. ...| 520000, | .... 14° 


“Yield Strength based on 0.005 offset and energy 
absorbed up to yield as determined from the formula 
My 
> Based on use of formula S = > and experimental 
value of Mumax. 
ased on input energy divided by volume of test 
piece. 


used for measuring the strains. Load- 
deformation readings were taken to rup- 
ture as shown in Fig. 2. Figure 2 shows 
that the plastic range is practically non- 
existent, and hence the yield, ultimate 
and fracture strengths are essentially the 
same value. 

In making the compression control lests, 
a m gage with 4-in. gage length was used. 
By means of which compressive strains 
greater than 2 per cent were measured. 
The compression stress-strain curves 
shown in Fig. 3 indicate that there is 
some plastic flow. This plastic flow 
would be considerably more if the tests 
were not stopped soon after yield was 
reached. ‘The stress and strain values 
used in plotting Fig. 3 were nominal val- 
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Stress, psi 
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Strain, in.per inch 
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Fic. 2.—Tension Test of Polystyrene. 


| 
10000 
6000 
4000 
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0.02-— 
Strain, in.per inch 


Fic. 3.—Compression Test of Polystyrene. 
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1000 


002-4 
Deflection, in. per inch 


Fic. 4.—Simple Bending Test of Polystyrene. 
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\OOO} 


Lood 


0 


Deflection, in. per inch 
Fic. 5.—Pure Bending Test of Polystyrene, 
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ues and not true values. The resilience 
in compression for polystyrene is much 
greater than in tension since the energy 
absorption based on yield strength was 
found to be 171 in-lb. per cu. in. for com- 
pression and 37 in-lb. per cu. in. for 
tension. 

In the compression tests, strain read- 
ings were recorded for both the lateral 
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than for simple tension. For pure bend. 
ing this difference is greater due probably 
to the limitations of the beam formula 
and to the restraint against free rotation 
at the points of support. 

The torsion control tests were made ing 
specially designed machine similar to 
that used for the measurement of torsion 
creep (Fig.9). The torsion load was ap. 


| 


30 
a 
20 
4 


Twist, deg, 


Fic. 6.—Torsion Test of Polystyrene. 


and longitudinal strains. From the ratio 
of these strains Poisson’s ratio was found 
to be between 0.31 and 0.32. 

The bending control tests were of two 
types, a simple bending and a pure bend- 
ing test, as illustrated in Fig. 1. For 
both types of bending tests, the deflec- 
tion was measured at the center by means 
of a dial gage reading to 0.0005 in. The 
load-deflection curves are shown in Figs. 
4and5. Up to fracture the load-deflec- 
tion relation is linear. The modulus of 
elasticity values, E, for simple bending 
calculated from the load-deflection equa- 
_ tion, were found to be slightly higher 


plied by means of dead weights as shown 
in Fig. 9. The angle of twist was de- 
termined for an 8-in. gage length by 4 
graduated dial reading to 0.1 deg. (Fig. 
9). The torque-twist diagrams for five 
specimens are shown in Fig. 6. Slight 
evidence of plastic distortion is indicated 
by the curves in Fig. 6. Using the aver- 
age value of the modulus of elasticity in 
shear of 1.7 X 10° psi. and a value of 
Poisson’s ratio of 0.315 as determined 
from the compression tests, the modulus 
of elasticity in tension as determined the- 
oretically is E = 4.47 X 10° psi. This 
value is in good agreement with the ac 
tual tension value of E = 4.5 X,10\ps: 
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CREEP-TIME RELATIONS FOR VARIOUS 
SIMPLE STRESSES 
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When some materials are subjected to 
loads, the stresses produced are accom- 


TENSION SPECIMEN 


TORSION SPECIMEN 


BENDING SPECIMEN 


Fic. 10.—Dimensions of Specimens for Creep 
Tests. 
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panied by deformations which increase jn 
magnitude with time. These deforma. 
tions called creep deformations, are jp 
addition to the elastic deformations and 
occur for some materials at normal tem. 
peratures and low stresses. For pur 
poses of design it is important to know 
what creep deformation or creep rate 
might be expected for a given stress in 
order to prevent undesirable deforma- 
tions in a machine or structural part. 

It is important to realize that the pres- 
ence of creep in a material influences the 
stress distribution in bending and tor- 
sion. ‘That is, the stresses are no longer 
linearly distributed and the maximum 
stresses on the outer fiber are less than 
the theoretical stress calculated by the 
elastic theory (1).? 


2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1174. 
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Fic. 11.—Tension Creep Time Relations. 
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Sp= 3010 PSI. 


Deflection, in.xX 0.001 


PSI. 
/ Sp* 3340 


Specimen Fractured 
°*= Specimen Not 
4 Fractured +~—— 


(a) Groups A,B 
3 
| | 
0 100 200 300 400 500 600 700 800 900 1000 
Time, hr. 
10 + psi 
4390 
, 9 | 4 — 
| 50 psi. 
| 
— t 
Ss | 
3320 | | | 
| | | 
7 
| | 2, | 
| n Specimen Fracture 
(b)Group C 
| 
| 
0 100 200 300 400 500 600 700 800 900 1000 
Time, hr. 


Fic. 12.—Bending Creep-Time Relations. 
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Most creep tests have been made in 
simple tension. Although the relative 
creep resistance of materials is indicated 
by the tension creep tests, there are many 
applications in which the applied loads 
do not produce simple tension. For this 
reason, the present investigation includes 
a study of the creep-stress relations not 
only for simple tension but also for pure 
bending and pure torsion. 


100 


perature. The testing machines used for 
the tension, torsion, and bending creep 
tests are shown in Figs. 7, 8, and 9, 
The details of the construction and opera- 
tion of these creep testing machines are 
given in an earlier paper (2). 

The dimensions of the specimens used 
for the tension, pure bending, and pure 
torsion tests are shown in Fig. 10. The 
creep Strains in tension were measured to 


80 
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60 
50 
40 


30 


Angle of Twist in 8-in. gage length, deg 


x Specimen Fractured 


* Specimen Not 
Fractured 


400 500 600 700 800 900 1000 
Time, hr 
‘Fic. 13.—Torsion Creep-Time Relations. 
Test Procedure: 0.00005 in. for a 5-in. gage length, using 


All the creep tests were made in a the micrometer microscope stand shown 
creep laboratory in which the tempera- 1" ig. 6. The creep deflection for the 
ture was maintained at 77 + 2 F., and pure bending creep tests were measured 
the relative humidity was maintained at for a 2-in. gage length by means of dial 
50 + 2 per cent. The humidity was gages reading to 0.0001 in. The angles 
kept essentially constant by means of of twist for the creep torsion tests were 
both a humidifier and dehumidifier. measured over a 6-in. and 8-in. gage 
Heating units with automatic controls length by means of twistmeters equipped 
were used to maintain a constant tem- with verniers reading to 0.1 deg. 
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Fic. 14.—Log-Log Creep Stress Relation for Tension. Pip. 


Test Results: for pure bending and torsion, the stresses 
Deformation-time relations obtained Shown are not the actual stresses on the 
for tension, pure bending, and pure tor- outer fibers but the stresses calculated by 


TABLE III.—STATIC BENDING CREEP TEST DATA 


Dimen- Creep | Creep 
Creep Creep at Speci- | sions, in. | Ge Deflection | Deflection 
Load, Stress, Rate, in. | 1000 hr., Z \Rate, i per at hr., 
-in. Ib. St, psi.! per in. in. per |i 2d 
No. 1...0.491|1.502) 696 | 3780 1.70 X 10-6 9.91 X 10-8 
: | 2...|0.488 1.502) 641 | 3480 1.30 7.50 
3...(0.490 1.504, 614 | 3320 1.10 7.30 
= 4... 0.525 1.500, 593 | 3010 0.72 6.05 
| 5 ..|0.490 1.500 590 | 3210 1.20 7.16 
ae | 6 .. 0.504/1.501 553 | 2930 0.92 6.16 
6.....| 0.362 | 808 2240 | 10 7.2 
1760 | 3 4.9 Creep Rates and Creep Deflections are given for a 


; 2-in. gage length. 
* Specimens fractured before 1000 hr. 


the elastic theory. Furthermore, the de- 
sion are shown in Figs. 11,12, and 13 for formations plotted in Figs. 11, 12, and 13 
various stress values. In Figs.12and13 include both the elastic and creep de- 
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formations in keeping with usual pro- 
cedure. 


Analysis of Test Results: 


An examination of the creep-time dia- 
grams in Figs. 11, 12, and 13 shows that 
after the initial stage of creep the creep 
rate remains approximately constant 
and can be taken as constant for practical 
purposes. The values of these constant 
creep rates, C, are shown in Tables IT, III 
and IV for the three types of stress and 
for the various stress values. The stress 
values listed in Tables III and IV are 
based on the usual elastic stress formulas 
and do not represent the actual stresses on 
the outer fibers. ‘Tables II, III, and IV 
also show the creep deformations at 1000 
hr. Inspection of the creep and creep 
rate values given show that the creep and 
creep rate increase with increasing stress. 

Various methods of interpretation were 
applied to the foregoing tension creep 
test results in an attempt to obtain an 
empirical relation defining the creep 
strain in terms of the stress and time 
(3, 4). Although these attempts were 


TABLE IV.—STATIC TORSION CREEP TEST DATA. 


Twist- Cc 
ing reep 
Jiam-| | Shear |Creep Rate, Angle at 
Specimen | eter, ment Stress,/deg. per in. | 1000 hr., 
in. _ Ss, psi.| perhr. | deg. per 
in-lb. 
0.717 | 326.0 4500 |6.12 1073 
0.717 | 305.5 4220 |3.82 
No. 3.. 0.706 | 280.0 3.35 S 
Se 0.720 | 272.0 3720 |1.83 7.46 
= 0.719 | 269.5 3790 |1.50 6.18 
ss 0.716 | 241.0 3350 |1.25 5.70 
0.698 | 221.0 3310 |1.03 5.34 
No. 8..... 0.710 | 178.0 2530 |0.60 3.90 
a 0.727 | 177.0 2350 |0.47 2.90 
No. 10. 0.731 | 113.1 1475 \0.20 1.50 


@ Specimen broke in less than 1000 hr. 


not successful, it was found that the 
minimum constant creep rate C in ten- 
sion varied linearly with the stress when 
plotted on log-log paper (Fig. 14). That 


is, the creep-rate-stress relation was 


found to be defined by: 
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where B and mu are experimental cop. 

stants. 

Values of B = 6.658 and = 

4.53 were obtained using Fig. 14. 
Assuming the creep rate-stress relation 

given by Eq. 1, the theoretical creep rate 

for pure bending has been shown to be 


(5), 
Vm 2 
Cy = — 
( t ) 8D 0) 
where: 
nm = the experimental constant n in 
Eq. 1 for tension creep, 
L = the gage length, 
M = the bending moment, 


= = C; = creep rate in bending. 


and 


where: 
b the width of the specimen, 


h = the depth of the specimen, and 

B = the experimental constant in Eq. | 
for tension creep. 

The theoretical relation between the 


creep rate and moment as given by Eq. 2 
is compared with the experimental values 


TABLE V.—COMPARISON OF THEORETICAL AND 
EXPE!.IMENTAL BENDING CREEP RATES. 


Bending| Creep Rate, in per hr.* 
Mo- _ | Differ- 
Specimen | ment, | - 
No. 2.... 641 |1.30 1.12 
Ne. 3...... 614 11.10 '0.93 -15 
593 0.75 4 
No.5...... 590 |1.20 0.75 
553 |0.92 0.57 


@ Creep Rates are given for a 2 in. gage length. 
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Fic. 15.—Comparison of Experimental and Theoretical Bending Creep Rates. 
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Fic. 16.—Comparison of Experimental and Theoretical Torsion Creep Rates. 
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inFig. 15. Table V gives the percentage 
difference Letween theory and test re- 
sults. 

Based on the creep rate-stress relation 
given by Eq. 1, a theory predicting the 
creep rates in pure torsion has been de- 
veloped (5). By this theory the creep 
rate can be shown to be: 


180L 
(32 
Myr 3n + 1\" 


where: 

Bandn = the tension creep experi- 
mental constants defined in 
Eq. 1 

M = the twisting moment, 

6/t = C; = creep rate in torsion, 

r = radius of the cross-section, 

J = mr/2 = polar moment of 
cross-section, and 

L = gage length. 


Figure 16 shows that the experimental 
and theoretical torsion creep rate-mo- 
ment relations are in good agreement. 
Table VI gives the percentage difference 
between the theoretical and experimental 
values shown in Fig. 16. Figures 17 and 
18 correspond to Figs. 15 and 16 except 
that the creep rate-moment values are 
plotted on a log-log basis. An examina- 
tion of Figs. 15 to 18 and Tables V and 
VI indicates that the agreement between 
theory and tests is reasonably good, when 
it is considered that this is a new field of 
study, 


CONCLUSIONS 


For the polystyrene tested under the 
conditions described, it can be concluded 


- The minimum creep rate, C, -stress, 


S, relation for tension may be expressed 
by the relation C = BS"; 2. The mini- 
mum creep rates for both pure bending 
and pure torsion can be predicted ap- 
proximately by the theory which uses the 
tension creep constants. This paper has 
dealt only with the engineering aspects 
of creep. A consideration of the molecu- 
lar structure as related to creep is given 
in a separate paper (6). Also, correlation 
of creep properties with other anelastic 
properties such as dumping capacity is 
treated separately in the following paper 
by Sauer and Oliphant (7). 
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TABLE VI.—COMPARISON OF THEORETICAL AND 
_EXP ERIMENTAL TORSION CRE EP RATE S. 


Creep Rate, deg. per in. 


: Torque, per hr. Differ- 
Specimen ty ence, 

in-lb. 

Experimental! Theoretical 

326.0 6.12 K 10-3 |4.60 K 107% —25 
305.5 3.35 —12 
No. 3 280.0 3.35 2.75 —18 
No. 4.. 272.0 1.82 1.82 0 
Ape 269.5 1.50 1.65 +10 
No. 6.. 241.0 1.25 1.15 —8 
221.0 1.03 0.80 —22 
| 178.0 0.60 0.37 —38 
ere | 177.0 0.47 0.30 —36 
No. 10 el 113.1 0.20 0.08 —00 
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Mr. G. R. Goun! (presented in written 
form).—The theory developed by the 
authors to show the relation between 
minimum creep rates in tension and 
minimum creep rates in pure bending 


DISCUSSION 


which the authors have used to demon- 
strate the relation between the minimum 
creep rate in tension and stress. 

In Eq. 5, C is defined as the minimum 
creep rate, a value which the authors 


Creep Rate (V) in. per inch per 10000 hr 
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Elapsed Time 
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Fic. 19.—Creep, Rate versus Stress for Compression Molded Polyethylene (PM-2) Sheet 


Sample 


of in pure torsion are indeed interesting. 
Without questioning the validity of 
those relationships, which appear to 
be reasonably well substantiated by 
the experimental and theoretical data 
given in Tables V and VI of their paper, 
I should like to point out one of the 


limitations inherent in the basic equa- 
tion 


' Member of Technical Staff, Bell Telephone Labora- 
tories, Inc., New York, N. Y. 
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A (Clear). 


have derived from creep tests covering 
a period of only 1000 hr. Our own ex- 
perience gained from long-time creep 
tests on metals at stresses within the 
plastic range and from similar creep 
tests on polyethylene, a high molecular 
weight polymer which is discussed by 
Messrs. Cummings, Ellis, and myself 
in a paper” presented before this meet- 


2G. R. Gohn, J. D. Cummings, and W. C. Ellis, “The 
Creep Characteristics of Compression Molded Revecpesne 
and Other High Polymers,”’ see, p. 1139 of this publica- 
tion. 
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Fic, 20.—Relation Between Minimum Creep 


Rate, Stress and Time for Compression 
Molded Polyethylene (PM-2) Sheet 
Sample A (Clear). 


ing of the Society, indicate that minj- 
mum creep rates—usually considered 
to be synonymous with a steady or 
constant creep rate observed during the 
second stage of creep—seldom are ob- 
tained from tests of such short duration, 
Reference to Fig. 3 of the latter paper 
shows that even after 20,000 hr. of 
continuous loading, the creep rates for 
specimens of clear compression molded 
polyethylene sheet (lot A) have not 
reached a minimum for specimens loaded 
at stresses ranging from 250 to 800 psi. 
This is illustrated by the data presented 
in the accompanying Fig. 19 which 
shows the relation between stress and 
minimum creep rates v as calculated from 
the tangent to the elongation-time curves 
at various time intervals ranging from 
1000 to 15,000 hr. At lower stresses, 
the increase in strain is less than the 
precision of the method of measurement 
and hence the data do not permit the 
calculation of useful creep rates. 

If we accept Eq. 5 as representing 
the relationship between the minimum 
creep rate and stress, then 

log C = log B+ n log S....(6) 
This equation represents a straight line 
on a log-log plot for stress versus creep 
rate in which 1 is the slope of the straight 
line and B is the ratio of < If the data 
shown in Fig. 19 are replotted on a 
log-log basis, as shown in Fig. 20, it 
appears that the relationship between 
log stress and log creep rate is essentially 
linear for the polyethylene studied. 
However, the displacement of the vari- 
ous straight lines from left to right with 
increasing loading times indicates that 
B is not a constant but a function of 
time. Similarly, the change in slope of 
the various lines with increasing time 
indicates that is also a function of 
time and not a constant. 

Now we do not believe that either 3 
or m are functions of time except when 
C is not equal to the minimum creep 
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rate. However, if the values of B and n_ calculated? Also, how does the deter- 
are not calculated for minimum or mination of B and mn from creep rates 
steady creep rate data, then the use of other than minimum values affect the 
Eq. 5 to calculate creep rates at other equations developed for pure bending 
stress levels will be in error. or pure torsion? 

I should like to ask the authors Mr. W. N. Finbiey.’—Since the 
whether or not the creep rate data re- authors have analyzed their data for 
ported in Table II of their paper are tension creep rate of polystyrene on the 
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05 ; i by Marin ond Cuff. 
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and Worley. 
02 © Range of possible values. 
015 © Creep rate estimated from 
dota up to 750hr 
O1x10” 
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hic. 21.—Log-Log Plot of Creep Rate versus Stress for Polystyrene in Tension. 


minimum creep rates. As previously basis. of a power function of stress 
indicated, our own test data on poly- (authors’ Eq. 1), it may be of interest 
ethylene as well as data reported by to consider another point of view. An 
Findley and Worley in NACA Note examination of these data as presented 
No. 1560 on the creep characteristics of jn Fig. 14 discloses that they may be 
five laminated materials, indicate that represented about equally well by an 
much longer periods of time are re- exponential equation as shown by the 
quired to obtain minimum creep rate fact that the data form nearly a straight 
— In fact, there is some question ine on a plot of log creep rate versus 
stress. Since the exponential function is 

‘ a good approximation of the hyperbolic- 


Under these conditions, do the authors “. ; 
sine function for relatively large values 
sull consider that Eq. 5 can be used to 


calculate creep r: ‘ time period 
I rates for any aus? I % Research Associate Professor of Theoretical and Ap- 
other than that used in obtaining the plied Mechanics, University of Illinois, Urbana, Ill 


° 4 The plotted values for two points seem to differ some- 
rate data from which B and m were what from the values in Table LL. 
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of the stress, it may also be possible to 
represent the authors’ data by an hy- 
perbolic-sine function. The equation » 

= ().26 sinh 540) 
data fairly well (v is the creep rate aod a 
is the stress). There is a theoretical 
basis for expecting a hyperbolic-sine 
relation which is to be found in studies 
of activation process.® 

In connection with these speculations 
it may be of interest to consider the 
creep rate data obtained by the writer® 
for tension creep tests at the same tem- 
perature and humidity used by the 
authors (see Fig. 21). These data were 
obtained from tests of a polystyrene 
made by the same manufacturer and 
having the same molecular weight of 
about 68,000 (Staudinger). 

In Fig. 21 the data obtained by the 
authors as well as that obtained by the 
writer are shown plotted on logarithmic 
coordinates. It is evident that the agree- 
ment is reasonably good over the in- 
terval of stress values covered by both 
tests. It is also apparent that the data 
obtained by the writer at lower stresses 
indicates that the relationship between 
creep rate and stress was not a power 
function for the writer’s tests since the 
data form a curve rather than a straight 
line. 

The data obtained by the writer were 
represented more accurately by an hyper- 
bolic-sine function than a power function. 
If the writer’s datum at the largest stress 
is neglected, the remaining creep rates fit 
the above hyperbolic-sine equation within 
about + 0.4 X 10-7 in. per in. per hr. 

The above observations raise a ques- 
tion as to whether the results obtained 
by calculating the bending creep rate 
from the tension creep rate would be 
altered by using an exponential or an 


represents the authors’ 


5 W. Kauzmann, “Flow of Solid Metals from the Stand- 
ys of the Chemical-Rate Theory,’”’ Transactions, Am. 
nst. Mining and Metallurgical Engrs., Inst. Metals Div., 
Vol. 143, p. 57 (1941). 
6 Unpublished data. 
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hyperbolic-sine function instead of the 
power function to describe the relation 
between creep rate and stress. 

It would also be of interest to know 
what happens to the stress distribution 
in a beam after creep has occurred when 
the creep rate is an exponential or an 
hyperbolic-sine function of stress and 
also when the creep rate is considered 
to be a power function of stress. For one 
of the family of power functions (namely 
the first power) it has been shown that 
the stress distribution is not altered by 
creep.’ This is the case of viscous creep. 

The final question concerns the value 
of Poisson’s ratio for polystyrene. The 
authors have obtained excellent agree- 
ment between measurements of this 
illusive quantity by two different meth- 
ods. However, the value reported by the 
authors (about 0.32) differs from the 
value previously reported (0.48) for 
polystyrene.’ It would be of interest to 
know whether there was a fundamental 
difference between these two polysty- 
renes that would account for the dif- 
ference. In this connection some investi- 
gators have considered that the more 
nearly a material approaches a liquid 
the closer the value of Poisson’s ratio 
approaches 0.5 (the value corresponding 
to no change in volume during straining 
at small strains), and that a polymer 
which crystallizes on stretching will 
show a value of Poisson’s ratio greater 
than 0.5. 

Mr. J. A. Saver.*—The study which 
the authors are making of the creep-time 
relations for polystyrene specimens under 
tension, torsion, and bending loads is 
useful not only because of the design 
implications of the data, but also for 
the additional light that is thrown on the 


7 A. M. Freudenthal, “The Inelastic Behavior of Ea- 
gineering Materials and Structures,” John Wiley & Sons, 
Inc., New York, N. Y., in press. . 

8 Schmidt and Marles, “Principles of High-Polymer 
Theory and Practice,”’ p. 260, McGraw-Hill Book Co., 
Inc., New York, N. Y. (1948). 


* Department of Engineering Mechanics, School of 


Engineering, The Pennsylvania State College, State Col- 
lege, Pa. 


Fic. 22.—Tensile Creep Specimens of Polystyrene Subject to Different Stresses and Different 
Durations of Load Application. 


Fic, 23.—Bending Creep Specimen of Polystyrene Showing Crazing Along Length and on Cross- 
Section of Tension Side of Specimen. 
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problem of the cause and development 
of “crazing.” ““Crazing” is the phenome- 
non whereby a previously transparent 
material, under the action of stress or a 
solvent, or both, begins to lose its trans- 
parency. Light is reflected rather than 
transmitted, presumably by the initia- 
tion and spread of mechanical openings 
or cracks. 

A study of the fractured surfaces of 
the polystyrene creep specimens shows 
that the amount of crazing increases with 
increase of stress for a given time of load 
application and increases with time of 
load application for a given stress. Figure 
22 shows a photograph of the fractured 
surfaces of several polystyrene tensile 
creep specimens. The crazing area is the 
highly reflective region which for one 
specimen extends across the entire cross- 
section. Under a microscope, the crazing 
cracks, not to be confused with the visible 
radial fracture cracks of the photograph, 
are seen as tiny openings progressing 
inward from the surface in a direction at 
right angles to the direction of the 
applied tensile stress. 

Figure 23, which shows one of the 
polystyrene bending creep specimens, 
indicates that crazing occurs only under 
tensile stress, not under compressive 
stress. The cross-sectional view of the 
tensile half of the specimen also pictures 
the growth of the region of crazing in- 
ward from all surfaces. 

The development of crazing is unde- 
sirable for several reasons. First of all, 
‘it may produce severe variations in the 
value of some of the mechanical proper- 
ties of the material. Secondly, loss of 
transparency frequently means that the 
plastic material can no longer serve its 
particular function. In order to over- 
come this condition it is essential that 
an adequate theory of “crazing” be de- 
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veloped. Experiments such as the present 
ones ‘escribed by the authors are helpful 
in providing! the factual information re- 
quired for development of a suitable 
theory. 

Mr. J. MARIN (author).—The main 
questions raised by Messrs. Gohn and 
Findley are related to the accuracy of 
the log-log method when used to inter- 
pret the creep rate-stress relations. 
Within the limits of the stresses and 
times investigated by the authors, the 
log-log method appeared to be adequate. 
It should be noted that although the 
other empirical equations suggested may 
fit the data better for the times covered 
by the test, they may not do so when 
the test data are extrapolated. In fact, 
a study of methods of interpretation 
of creep data by the authors showed 
that an empirical creep-time relation 
agreed well with the test data when the 
first 1000 hr. of the test were considered. 
However, when this relation was extrap- 
olated to several thousand hours, the 
values were not in as good agreement 
with the test data as the more approxi- 
mate log-log method. The log-log method 
of interpretation has also an advantage 
in the development of mechanics of 
creep. That is, relations such as those 
used for bending and torsion creep 
based on the log-log tension creep rate- 
stress equations are easily derived. When 
other empirical creep-stress _ relations 
are used, however, mathematical diffi- 
culties are encountered. What is needed 
is a creep-stress relation which agrees 
adequately well with the test data aad 
at the same time can be used in the 
development of the mechanics of creep. 

Mr. Sauer’s discussion of the “crazing” 
problem is interesting and his comments 
are appreciated. 
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By Louis TANNER! AND W. Epwarps DEMING? 


SYNOPSIS 


The sampling of lots of bulk materials for the purpose of estimating the 
total weight and some quality characteristic presents various kinds of diffi- 
culties, both theoretical and practical. The fundamental character of a 
statistical plan is demonstrable and controllable precision. In order to use 
the statistical theory for the sampling of finite populations, it is necessary for 
the shipment to be divisible into sampling units in such a manner that every 
particle of the shipment lies in one and only one sampling unit, and that all of 
any unit and no material from any other may be drawn in a routine manner 
from the lot. This condition is met by packaged materials, an example being 
wool in bales, from which cores may be drilled in specified positions. A sam- 
ple of bales may be drawn from the shipment, and a sample of cores may be 
taken from the sample bales, these cores then to be tested to furnish an esti- 
mate of the average quality of the shipment. The total weight of the ship- 
ment may be estimated from the weights of the sample bales. Statistical 
theories have been developed and are here applied in the development of 
procedures for sampling sugar, tobacco, and wool, and for regulating the pre- 
cisions of the estimates. Such methods have wide applicability. However, 
other types of statistical procedures, possibly involving theories for the analysis 
_ of an infinite supply, must be developed for materials such as a pile of coal 
which, for purposes of routine sampling, cannot readily be divided into definite 
small units. Indications point to distinct advantages of sampling such 
materials at the source of supply. Hazardous biases and uncontrolled errors 
of sampling may be encountered through failure to regard statistical prin- 
ciples. 


Two Types OF PROBLEMS 


In facing the problems of the sampling 
of bulk materials one encounters two 
broad types of physical problems: 

A. Materials like piles of coal or ore 
in which no unique subdivisions may be 
specified as sampling units that will be 
practicable for a routine sampling oper- 
ation. 


* Presented at the Fifty-second Annual Meeting of 
the Society, June 27-July 1, 1949. 
— Chemist, U. S. Customs Laboratory, Boston, 
* Adviser in Sampling, Executive Office of the Presi- 
dent, Bureau of the Budget, Washington, D. C 
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B. Materials in packages, bales, or bags, 
or any material that may be subdivided 
into unique sampling units that are 
practicable for a routine sampling oper- 
ation. 

A material may change from type A 
to type B. For example, a type A mate- 
rial, if arrangements are made to draw 
samples periodically from a conveyor 
belt during a loading or unloading oper- 
ation, is during this operation no longer 
‘type A but type B. 

Statistical theories and a growing 
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background of experience are being 
developed by which many materials, 
particularly those of type B, may be 
sampled for estimating the weight and 
quality of a lot. Much new research is 
being carried on, with the result that 
costs of sampling and testing are con- 
stantly being lowered and some progress 
is being made in devising new methods 
for converting certain type A materials 
to type 

The particular theory to be applied to 
the materials of type B is known as the 
theory for sampling finite populations. 
This theory has heretofore been de- 
veloped and applied mostly in the sam- 
pling of human populations and farms, 
and for wholesale and retail business 
establishments. The miniature monthly 
census of the population in the United 
States and a similar quarterly census in 
Canada are examples: out of these 
studies come very important figures for 
business and government, such as the 
monthly or quarterly report on employ- 
ment and unemployment, indexes of the 
prices of food and clothing, and indexes 
of business activity. 

Extension and modification of these 
procedures to the samplng of physical 
materials have commenced only re- 
cently. The next part of this paper de- 
scribes an application of statistical 
theory to some of the problems of sam- 
pling shipments of sugar, wool, and 
tobacco. 

The outstanding characteristic of a 
statistical method of sampling is the 
controllable and demonstrable precision 
of its results, which are attained at 
minimum cost. But before a statistical 
theory can be applied, certain conditions 
of sampling must be met. Briefly, 
sampling depends on the theory of prob- 
ability. The theory for sampling finite 
populations demands that every par- 
ticle of a lot have a definite and known 
probability of being drawn into the 


F”~ - 


sample: otherwise the calculation of the 
precision of the results cannot be carried 
out. This condition is met by materials 
satisfying the definition given for type 
8. For such materials it is possible to 
perform random operations of sampling 
and to specify by number or code that 
certain particular sampling units are 
to be included in the sample, with reason- 
able assurance that in a routine proce- 
dure of sampling, all of the material 
contained in any of the units so desig- 
nated for the sample will be included, and 
all else will be excluded. 

Type A materials are those for which 
no practical and unequivocal sampling 
units can be specified in routine opera- 
tions. One might specify, for example, 
that a pile or car of coal is to be sam- 
pled by extracting certain cubes or par- 
allelepipeds, defined as located so many 
feet from the top and having certain 
other spacial coordinates. It would be 
impossible, though, as a regular routine 
operation, for a worker to draw into the 
sample the contents of any such sam- 
pling unit and to exclude all material not 
intended for this unit. Under such cir- 
cumstances a material fails to meet the 
fundamental criterion of a unique proba- 
bility for every particle, and it is there- 
fore type A. 

The sampling of materials of type A is 
thus by definition not open to the meth- 
ods that are used for materials of type B. 
When samples are drawn from a material 
of type A, the drawing must too often 
depend on human judgment. Such de- 
pendence, experience demonstrates, is 
hazardous, as severe biases often develop. 
As a matter of fact, biases are the rule, 
not the exception. No statistical measure 
of precision can be calculated for a judg- 
ment selection. 

The sampling of materials of type Ais 
not hopeless, however, but calls for inge- 
nuity and a new attack. If a material can 
be sampled off a conveyor belt at speci- 


fied intervals, it is, in effect, a material of 
type B, no matter how it is piled up 
afterward. 

In this paper we intend merely to state 
some of the problems of bulk sampling 
and to describe certain particular solu- 
tions to some of the problems that are 
encountered with materials of type B in 
the Bureau of Customs. 


Some APPLICATIONS OF STATISTICAL 
THEORY TO BuLK MATERIALS 
oF Type B 

Theory.—As stated earlier, a statistical 
plan for sampling a lot of product is ex- 
pected to provide estimates of quality 
and weight with known and controllable 
errors of sampling, and to provide this 
control at minimum cost. The errors of 
sampling are controlled by the size of the 
sample and the procedure of drawing it. 
One sample design is better than another 
if it yields the desired precision at a lower 
cost than the other plan. Mathematical 
formulas are available which give the 
sampling errors corresponding to dif- 
ferent designs, and for the determination 
of the most economical design. 

In the theory to be applied here it is 
assumed that the material to be sampled 
has been divided into distinct units in 
some suitable manner—bales or pack- 
ages, hourly production, etc.: in other 
words, the material is of type B. The 
problem is to sample a lot composed of 
a number of such units. In the general 
case, each of these primary units is com- 
posed of a set of secondary units—shovel- 
fuls, cores, sub-packages, cuts, or the 
smallest portion that will be drawn out 
for testing. Tertiary or higher order 
units may also occur. In the special case, 
the primary unit itself is the test portion, 
in which case the general sampling theory 
reduces to the well-known simple theory 
of sampling. 


Statistical theory tells us that the size f 


of sample and the most economical de- 
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sign may be computed from the following 
equations: 

Most economical number of secondary 
units per primary unit: 


Number of primary units to be drawn 
into the sample: 


N(o2, + kaj) 
= 


the 


For the special case, where there are 
only primary units: 


Where previous measurements have not 
been made: 


Where previous measurements have been 
made: 


where: 

¢, = cost of preparing a primary unit 
for sampling, 

cost of taking a secondary unit 
from a primary unit, 

allowable uncertainty of the sam- 
ple mean, 

number of secondary units to be 
drawn from each sampled primary 
unit, 

number of primary units in the 
lot, 

number of primary units to be 
sampled, 

probability factor, 

= coefficient of variation of the 
quality between primary units, 
coefficient of variation of the ratio 
of the second quality measure- 
ment to the first, 

variance of the quality between 
primary units, and 


- 


= 


Ob 


n 
(tv.\' 
(=) 


1184 

variance of the quality between 
secondary units, within a primary 
unit, averaged over all primary 
units. 

Often the required information may be 
reliably estimated from existing data. 
If not, it may be developed by suitable 
investigation. Continuous evaluation of 
the pertinent statistics is possible by the 
adoption of suitable ways of keeping 
records, 

Illustrations of A pplication.—The sam- 
pling theory given above has been suc- 
cessfully applied on a large scale toa 
variety of bulk commodities. Several 
cases are here described briefly as illus 
trations. 

The simplest application of sampling 
theory is the case where the primary unit 
is the test portion. An example of this 
occurs in the weighing of imported re- 
fined sugar. This commodity arrives in 
large lots, about 43,000 standard size 
bags containing approximately 100 lb. 
each. The weighing is usually done in 
drafts of 8 bags at the warehouseafter 
damaged bags, about 1.4 per cent of the 
total, have been segregated for separate 
handling. A study showed that the co- 
efficient of variation, Vz, of the draft 
weights of sound bags of refined sugar 
was stable and averaged about 0.1 per 
cent. From Eq. 3 it is found that the 
number of random drafts that must be 
weighed in order that errors due to 
chance may be no greater than +0.1 per 
cent when ¢ = 3 (a risk considered ac- 
ceptable for this commodity) is 9. On the 
basis of this information a convenient 
sample size of 25 drafts was specified to 
insure obtaining an average bag weight 
for the entire cargo with a precision of 
better than +0.1 per cent. 

The potential time and labor savings 
with a sample weighing method such as 
this is obviously considerable. 

Had segregation of the damaged, par- 
tially empty bags not been possible, as 
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is the case with commodities weighed 
at the time of discharge from the vessel, 
the coefficient of variation of the draft 
weights would have been higher, per- 
haps so high as to require an unecononi- 
cally large sample size to achieve the 
desired precision. In such cases, and in 


‘general whenever individual package 


weights are not standard or differ con- 
siderably, a “calibration” technique may 
be employed. For most commodities there 
is available the producer’s individual 
package weights on the basis of which 
commercial transactions have been con- 
ducted. Due to changes that usually occur 
in transit (moisture absorption, damage, 
etc.), the received or settlement weights 
may differ considerably from the original 
weights, necessitating reweighing. In 
such cases the average ratio of the second 
weight of a sample to the original weight 
of the same packages may be used asa 
conversion factor to be applied to the 
total original weight of the lot. The co- 
efficient of variation of the conversion 
factor, V., must be known in order to 
calculate the size of sample required to 
achieve a prescribed precision. 

An example of the use of this ‘‘calibra- 
tion” technique is the weighing of im- 
ported cigarette leaf tobacco, of which 
some 100,000,000 Ib. are imported an- 
nually. This commodity arrives in lots 
of several thousand bales of various sizes 
ranging in weight from 10 to 300 lb., 
according to source. Previous Customs 
practice was to weigh each package indi- 
vidually—a very accurate but slow and 
expensive procedure. Individual bale 
weights at the time of shipping are 
available, but they are not considered 
sufficiently close to the landed weight 
to serve as the basis for the assessment 
of duty, nor for some commercial 
purposes. 

It was found that the coefficient of 
variation of the bale weights averaged 
about 3.5 per cent and ranged from 1.5 


| | 


“per cent to 9.4 per cent. This statistic is 
therefore not satisfactory because so 
large a sample would be required for any 
reasonable degree of accuracy that mate- 
rial savings in weighing would be im- 
possible. The coefficient of variation of 
the conversion factor, however, was 
found to be stable, averaging about 0.7 
per cent except for bales of Greek tobacco 
for which the average was about 2.5 
per cent. On the basis of these values, 
Eq. 4 shows that a sample size of 100 
from shipments of most cigarette tobacco 
(900 for lots of Greek tobacco) is ade- 
quate to achieve a precision of -+0.25 
per cent, a level considered satisfactory 
in protecting both the government and 
the importer against a material loss of 
revenue or overcharge in duty on any 
one importation. On the average, these 
sample sizes represent a saving of from 
75 to 95 per cent in the number of 
weighings. 

These two illustrations are obviously 
simple applications of familiar sampling 
theory involving only primary units. An 
instructive case involving both primary 
and secondary ynits, and therefore a 
more general illustration of the applica- 
tion of statistical theory to the sampling 
of bulk materials, is the sampling of raw 
wool for the determination of its clean 
wool content. This case is but one of 
many similar instances covering a wide 
variety of products. 

Raw wool appears in commerce in lots 

f various sizes, $ometimes as high as 
3000 bales or bags, averaging about 100 
units. The packages range in weight from 
200 Ib. to 1200 Ib. but are fairly uniform 
in this respect for any one source. The 
wool contains a number: of impurities, 
the percentage of which may vary widely, 
as much as 30 per cent, both between 
bales in a lot and between portions within 
a bale. The evaluation of a lot of this 
commodity for any given grade and 
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quality depends on the quantity of wool 
contained therein. Customarily this fac- 
tor is estimated visually by qualified 
appraisers, but the need for a reliable 
objective method for determining the 
clean wool content without processing all 
or a large fraction of the lot has long 
been felt. The major obstacle to the 
realization of such a method has until 
recently been the unreliability of the 
only type of small sample that could be 
taken, usually a few handfuls or fleeces 
selected as representative on the basis 
of the sampler’s judgment. This particu- 
lar difficulty has been eliminated by the 
development of a practicable sampling 
tool that can penetrate into a bale of 
wool and remove therefrom a relatively 
small core. The question arises as to how 
many such cores should be taken, and 
from how many bales. 

In the sampling of this commodity 
the primary unit is the package, the 
secondary unit the core. When reliable 
estimates of the within-bale and between- 
bale variances are available, different 
sampling plans may be followed, each 
of which yields a sample of the same pre- 
cision. Thus, k; cores may be taken from 
each of m randomly selected bales in 
the lot, or ky cores may be taken from 
each of mz bales. For any chosen value of 
k, the corresponding value of is given 
by Eq. 2. 

Systematic studies were made of the 
magnitudes and stability of a» and a» 
for many commercial lots of most types 
and grades of wool from different sources 
throughout the world. As was to be ex- 
pected, no one single pair of values 
covered all the wools investigated. How- 
ever, it was found that, when grouped in 
a relatively small number of broad classi- 
fications according to origin, end use, and 
type of package, these statistics were 
fairly stable and could serve as suffi- 
ciently reliable estimates for sampling 
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purposes. Some typical vaues are shown 
in Table I. 


By using these estimates of o» and 


o» in Eq. 2, schedules may be prepared 
giving, for each class of wool, the num- 
ber of packages to be sampled for warious 
lot sizes and for various numbers of 
cores per package, at any required level 
of precision. Table II illustrates such a 


schedule. 


Each of the four plans illustrated in 


‘Table II will result in a sample of the 


clean wool content of individual cores within pac 
a lot. 


same precision, but not at the same cost. 
There are two operations in obtaining a 
core of wool: first, positioning the bale, 
and second, boring it. Each operation 


TABLE I.—CLASSIFICATION OF 


GREASY APPAREL WOOLS FO 
SAMPLING PURPOSES. 


ow ob 


ow = the estimated standard deviation of the pe cent 
ages in 


ob = the estimated standard deviation of the per cent 


clean wool content between packages in a usual com- 
mercial lot. 


has its own cost,’ c¢ and cz respectively, 
and their ratio may vary widely depend- 
ing on the existing conditions. For ex- 
ample, if sampling takes place at the 
time the individual bales are being 
weighed or moved to storage, there 
is virtually no additional cost for posi- 


tioning the bale, and 2 might be, for 


C2 


example, 1.0. On the other hand, if the 
bales are already stored in piles in a 


3 The cost of testing should also be included in de- 


ciding on the most economical plan. If each secondary unit 
is tested individually, cz should include the unit test cost. 
In the case of wool, the cores are composited and a single 
test is performed on the composite sample. 
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warehouse and the piles have to be 
broken down to permit sampling, the 
cost ratio might easily exceed 25. The 
most economical plan of samplng is the 
one which uses that number of cores per 
bale given by Eq. 1. 

The usefulness of this method has been 
proved in actual practice. One testing or- 
ganization is regularly called upon to 
sample lots of domestic wool stored in 


Ow. 
warehouses. For this wool — is about 


2.25, and under the conditions of sam- 


pling, + is approximately 20. Accord- 
2 


TABLE II.—SAMPLING SCHEDULE SHOWING 
NUMB ER OF PACKAGES TO BE SAMPLED FROM 
A LOT FOR WHICHoew = ob = 2.5, FOR A PRECISION 
OF 1.0 AT A PROBABILITY OF 0.95. 


Number of Cores per Sampled 
Number of Packages Package 
in the Lot 
1 2 4 6 
25 19 16 15 
34 25 21 20 
38 29 24 n 
40 30 25 4 
43 33 27 25 
45 34 28 26 
47 35 29 27 
48 36 30 2B 
49 37 | 31 2» 
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ingly, the sampling plan followed is to 
take 10 cores from each package, the 
number of packages being determined 
from Eq. 2. A second organization is able 
to sample its imported carpet wool as it is 


being trucked into the mill. In this case 


is about 1 and — also averages about |, 


so that the sampling plan used is one 
core per sampled bale. The two plans 
differ considerably for the same pre 
cision, yet each is the most economical 
plan possible under the different condi- 
tions faced by the two organizations 
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Mr. B. A. LANDRY.'—I should like to 
ask the author, when he spoke of samp- 
ling bales of wool, whether the bales on 
which the borings were made were se- 


DISCUSSION 


mend them for it, because I think that if 
you introduce randomness in its true 
sense in a sampling problem like this you 
would get away from greatest economy. 


lected in a systematic, orderly fashion or 
whether some other means of selection 
was used. 

Mr. Louris TANNER (author).—The 
number of bales to be bored is designated 
in accordance with a schedule based on 
the principles stated in the paper. The 
selection of the particular bales in the 
lot is either random or planned, depend- 
ing on circumstances. If the lot has not 
been segregated into groups of bales ac- 
cording to some quality characteristic, 
such as type or grade, which may have a 
bearing on clean wool content, the selec- 
tion is usually a random one. In such 
case, however, the sampler is instructed 
to cover the entire lot, if possible, not 
merely those bales that happen to be 
most accessible. For example, he might 
be told to bore the first two bales he 
comes to, skip one, bore the next two, 
skip one, and so on. 

If the lot has been segregated into 
groups, an approximately proportionate 
number of bales from each group is sam- 
pled, the selection of the bales from each 
group being made in the manner just 
described. 

Mr. Lanpry.—-I am _ interested in 
hearing what some people call “random- 
ness.” I did not get further elucidation in 
this case; as far as I can see, the authors 
sampled it in an orderly or systematic 
way, rather than randomly, and I com- 


‘Supervisor, Fuels Research, Battelle Memorial Insti- 
tute. Columbus, Ohio. 
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I should like to ask another question. 


Have the effect of changing the diameter 
or length, or volume of the core been 
investigated? 


Mr. TANNER.—Yes. We have made an 


intensive study of the effect of different 
tube diameters and depths of penetration 
on the within-bale component of vari- 
ance and on the cost of sampling and 
testing importations of wool. It was 
found that we could get the same ac- 
curacy more economically by greatly re- 
ducing the diameter of the tube and 
slightly increasing the depth of penetra- 
tion. 


This result is purely because of the 


character of the merchandise. We found 
that the clean wool content of contiguous 
small areas in any layer was rather con- 
stant, whereas this quality varied con- 
siderably between layers. Along a diam- 
eter of the tube, the variation was small; 
along the axis, it was relatively large. By 
reducing the diameter to one-fourth its 
former value and increasing the penetra- 
tion by 20 per cent, cores weighing only 
about one-tenth as much could be taken, 
and yet the variance between cores of 
each type was the same, or even slightly 
in favor of the smaller core. Handling and 
testing a smaller weight of sample is more 
economical. 


This favorable result might not be true 


for other types of material. It happens to 
work out satisfactorily for most baled 
wools because fleeces are usually laid out 
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in a package like the pages of a book, and Mr. TANNER.—There might be a very 
the contiguous small areas of different slight advantage, statistically. However, 
fleeces vary more than do contiguous an increase iu diameter is sometimes ad- 
portions of the same fleece. vantageous practically. Some wools are 
Mr. LAanpry.—If I understand cor- so loosely packed that to successfully cut 
rectly, if the length of the cylinder had a core and retain it within the tube, a 
been held constant and its diameter in- large diameter is required. A small diam- 
creased, there would have been no ad-_ eter tube would merely push such wool 
vantage resulting from the fact that a aside without cutting it. 
sample of larger size had been taken be- The advantage, then, is purely me- 
cause the variation was in the length. chanical for certain wools. In most cases, 
In other words, if the length had been — there would not be greater accuracy cor- 
held constant and the diameter increased, responding to the increase in weight due 
there would have been no advantage. solely to a larger diameter tube. _ 
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SUMMARY OF PROCEEDINGS OF THE CHICAGO SPRING 
MEETING—SYMPOSIUM ON AGING OF RUBBERS 


The 1949 Spring Meeting of the Society was held in Chicago, IIl., at the 
Edgewater Beach Hotel on March 2, 1949, in conjunction with A.S.T.M. 
Committee Week. 

The Symposium on Aging of Rubbers was sponsored by Committee D-11 
on Rubber and Rubber-Like Materials through a Special Symposium. 
Committee consisting of the following: G. C. Maassen, Chairman, R. T. 
Vanderbilt & Co., Inc.; T. A. Bulifant, Barrett Division, Allied Chemical 
and Dye Corp.; H. E. Charles, Hazard Insulated Wire Works Div., The 
Okonite Co.; L. E. Cheyney, Waterproof-Ohio Div., Pollock Paper Corp.; 
L. V. Cooper, Firestone Tire and Rubber Co.; A. E. Juve, The B. F. Good- 
rich Co.; H. E. Outcault, St. Joseph Lead Co.; M. G. Schoch, Jr., Hewitt- 
Robins, Inc.; and R. D. Stiehler, National Bureau of Standards. 

The symposium was formally opened by President R. L. Templin. Mr. 
Simon Collier, Johns-Manville Corp., acted as General Chairman at the 
Symposium Session and Mr. G. C. Maassen acted as Technical Chairman. 

The following six papers that were presented are listed below: 


The Mode of Attack of Oxygen on Rubber--A. M. Neal and J. R. Vincent 

Oxygen—Absorption Methods—Their Utility and Limitations in the Study of 
Aging—J. Reid Shelton 

Chemical Changes in Elastomers and Antioxidants During Aging—John O. Cole 

Physical Aspects of the Aging of Rubbers—M. C. Throdahl 

The Effects of Light and Ozone on Rubber—John T. Blake 

The Effect of Temperature on the Air Aging of Rubber Vulcanizates—M. G. 
Schoch, Jr., and A. E. Juve 


The papers together with discussions are issued as A.S.T.M. Special 
Technical Publication No. 89, entitled, “Symposium on Aging of Rubbers.” 


a 


3 
| | 


SUMMARY OF PROCEEDINGS 
OF THE 
FIRST PACIFIC AREA NATIONAL MEETING 


SAN FRANcisco, CALIF., OCTOBER 10-14, 1949 


‘The First Pacific Area National Meeting of the Society was held at the 
Fairmont Hotel in San Francisco on October 10-14, 1949 with the co- 
operation of the Northern and Southern California A.S.T.M. District 
Councils. The General Committee on Arrangements consisted of the follow- 
ing members: 


Dozier Finley, Chairman, The Paraffine Cos. 
C. E. Emmons, The Texas Company 
C. F. Ramey, Standard Oil Co. of Calif. 
Rk. F. Blanks, U. S. Bureau of Reclamation 
T. P. Dresser, Jr., Abbot A. Hanks, Inc. 
W. C. Hanna, California Portland Cement Co. — 
T. K. May, West Coast Lumbermen’s Assn. 
W. W. Moore, Dames & Moore 


The registered attendance of the meeting was as follows: members, 298; 
visitors, 396; making a total of 694 plus 113 ladies, or a grand total of 807. 
There were 15 technical sessions held at which papers from authors 
throughout the country were presented. Professor R. E. Davis, University 
of California was honorary chairman of the technical sessions. The 15 sessions 


consisted of the following: 


Monpbay, Octroper 10, 2 P.M. 


Honorary CHAIRMAN: R. E. Davis, University of California, Berkeley, Calif. — 
CHAIRMAN: F. J. Converse, California Institute of Tech., Pasadena, Calif. 
Electrical Resistivity Method Applied to the Investigation of Construction Materials 

Deposits—E. A. Abdun-Nur and D. Wantland. 
Effect of Rock Content and Placement Density on Consolidation and Related Pore 
Pressure in Embankment Construction—H. J. Gibbs. 
Studies of Construction Problems and Methods of Compacting Different Type Soils 
to Optimum Density —A. W. Root, W. S. Maxwell and T. E. Stanton. 


PLASTICITY AND CREEP OF METALS 
MonpAy, Ocroper 10, 2 P.M. 


Honorary CHAIRMAN: J. G. Morrow, The Steel Company of Canada, Ltd., Hamilton, 
Ont., Canada 
CHAIRMAN: J. E. Dorn, University of California, Berkeley, Calif. 
Experimental Exploration of Plastic Flow in Sheet Metals—L. R. Jackson and 
W. T. Lankford. 
lorming Parameters and Criteria for Design and Production—William Schroeder. 
The Use of Creep Data in Design—-Howard C. Cross and L. R. Jackson. 
Super Creep-Resistant Alloys—J. W. Freeman, D. N. Frey, E. E. Reynolds, and 
A. E. White. 
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FATIGUE OF METALS “4 
Monpay, Ocrosper 10, 8 P.M. » 


CHAIRMAN: R. L. Temptin, Aluminum Company of America, New Kensington, Pa. 

Discussions of a Century Ago Concerning the Nature of Fatigue and Review of Some 
of the Subsequent Researches Concerning the Mechanism of Fatigue—R. E. 
Peterson. 

Fatigue Strength of Steel Through the Range from 4 to 30,000 Cycles of Stress— 
M. H. Weisman and M. H. Kaplan. 

Fatigue Notch Sensitivities of Some Aircraft Material—H. J. Grover. 

Fatigue Characteristics of Aircraft Materials and Fastenings—Thomas Piper, 
K. F. Finlay and A. P. Binsacca. 


BITUMINOUS PAVING MIXTURES 


Monpay, OctToBer 10, 8 P.M. 


CHAIRMAN: HARMER E. Davis, University of California, Berkeley, Calif. 
Corps of Engineers’ Method for Design and Control of Asphalt Paving Mixutres— 
Gayle McFadden and W. C. Ricketts. 
History and Theory of Triaxial Testing and the Preparation of Realistic Test Speci- 
mens—A Report of the Triaxial Institute—V. A. Endersby. 
Application of the Triaxial Test to Bituminous Mixtures—California Research 
Corporation Method—V. R. Smith. 
Application of the Triaxial Test to Bituminous Mixtures--Hveem Stabilometer 
Method F. N. Hveem. 


DYNAMIC STRESS DETERMINATIONS 
TUESDAY, OcToBER 11, 9 A.M. 
CHAIRMAN: H. D. EBERHART, University of California, Berkeley, Calif. 
Survey of Pick-ups for Dynamic Physical Measurements—Gifford White. 
Selection of Recording Equipment for Dynamic Testing—K. D. Swartzel. 
Analysis and Interpretation of Dynamic Records—H. C. Roberts. 


Examples of Dynamic Testing in the Field of Structures and Materials—Douglas 
McHenry and H. E. Hosticka. 


CERAMIC AND CONCRETE Ue 
TUESDAY, OCTOBER 11, 9 A.M. 
CHAIRMAN: J. W. WHITTEMORE, Virginia Polytechnic Institute, iin Va. 


Design and Construction of Reinforced Grouted Brick Masonry and Some Properties 
Relating Thereto—N. W. Kelch. 


Use of Precast Concrete Units in Southern California—C. D. Wailes, Jr. 
Some Recent cg me in Vitrified Clay Pipe a Conduit—-H. W. Jewell. 
Reinforced Concrete Pipe—E. L. Johnson. 


APPLICATION OF STATISTICS 
TuESDAY, OcTOBER 11, 2 P.M. 


CHAIRMAN: ARTHUR W. CARPENTER, B. F. Goodrich Co., Akron, Ohio 
Economic Relationship Between Design and Acceptance Specifications—E. 
Grant. 
Precision and Accuracy of Test Methods—Grant Wernimont. 
Use of Statistics to Determine Precision of Test Methods—W. J. Youden and J. M. 
Cameron. 
Johns-Manville Program and Movie on Modern Quality Control—Simon Collier. 7 
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CEMENT AND CONCRETE 


WEDNESDAY, OCTOBER 12, 9 A.M. AND 2 P.M. 


CHarrMAN: T. E. Stanton, California Division of Highways, Sacremento, Calif. 

Why Type II Cement?—F. H. Jackson. 

Long-Time Study of Cement Performance in Concrete, with Special Reference to 
Heats of Hydration—G. J. Verbeck and C. W. Foster. 


SYMPOSIUM ON USE OF POZZOLANIC MATERIALS IN MORTARS _ 
AND CONCRETES 
CHAIRMAN: R. F. Brianxs, U. S. Bureau of Reclamation, Denver, Colo. 
Pozzolanic Materials and Their Use in Concretes—R. E. Davis. 
Pozzolans Used in Mass Concrete—H. S. Meissner. 
Experience with Kansas Aggregates and Pozzolanic Additions—C. H. Scholer. 
Effect of Calcination on Natural Pozzolans—R. C. Mielenz, O. J. Glantz, and L. P. 
Witte. 
Effect of the Use of Diatomite Treated with Air-Entraining Agents upon the Proper- 
ties of Concrete—R. E. Davis and Alexander Klein. 
Summary of Methods for Determining Pozzolanic Activity—W. T. Moran and J. 
L. Gilliland. 
Strength, Volume Change and Sulfate Resistance of Mortars Containing Portland- 
Pozzolan Cements—R. E. Davis, W. C. Hanna, and E. H. Brown. 
Studies of Some Methods of Avoiding Expansion and Pattern Cracking Associated 
with the Alkali-Aggregate Reaction—W. C. Lerch. 
Studies of Use of Pozzolans for Counteracting Excessive Concrete Expansion Re- 
sulting from Reaction Between Aggregates and Alkalies in Cement —T. E. Stanton. 


PETROLEUM: SYMPOSIUM ON HIGH ADDITIVE-CONTENT OILS 
WEDNESDAY, OcToBER 12, 9 A.M. 
CuarrMaAN: A. H. Barcuetper, California Research Corp., Richmond, Calif. 
Does Service Performance Justify Higher Quality Lubricating Oils?—W. B. Bassett. 
High Detergency Motor Oils—A. B. Boehm and C. O. Tongberg. 
Five Years’ Experience with Special Heavy Duty Oils—R. E. Jeffrey, Jr. and J. A. 
Edgar. 
Possible Future Military Engine Oils for Ground Equipment—N. L. Klein. 


PETROLEUM: SYMPOSIUM ON TURBINE OILS 
WEDNESDAY, Octoser 12, 2 P.M. 


CuairMAN: T. A. Boyo, General Motors Corp., Detroit, Mich. 
Lubrication Problems and Requirements of Gas Turbine Equipment—F. C. Linn. 
Operating Experience and Problems Relative to Lubricating Systems of Steam 

Turbine Sets for Utilities—V. Estcourt. 
Specific Problems Pertaining to Lubrication of Industrial Turbines—A. S. Morrow. 
Lubrication of Marine Turbine Propulsion Equipment—F. S. Jones. 


PAINT 
 Tuurspay, OctToBerR 13,9 A:M. 2 P.M. 
AIRCRAFT FINISHES 


CuarrMan: L. A. O’Leary, W. P. Fuller and Co., South San Francisco, Calif. 
Fire-Resistant Finishes for Aircraft—J. A. Jones and R. V. Niswander. 
Laboratory Testing of Rain-Erosion Resistance of Aircraft Finishes—J. K. Grace 
and G. C. Frey. . 
Methods of Evaluation of Aircraft Primers—E. T. Nelson. 
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NEW METHODS FOR TESTING PAINTS AND PAINT MATERIALS 


CuHAtRMAN: C. H. Rose, National Lead Co., Brooklyn, N. Y. 
_ Resin and Drying Oil Tests—C. C. Hartman, C. F. Pickett, and Francis Scofield. 


Evaporation Rate of Hydrocarbons and Their Mixtures—L. S. Galstaun. 
Solvent and Thinner Tests—M. B. Chittick. 
Tests for Physical and Optical Properties of Paint and Paint Materials—M. R. 
Euverard and R. S. Hunter. 
Electrometric Testing of Paint Films—William Shaw. = 
Varnish Tests—J. C. Weaver. otal 
Pigment Tests—C. L. Crockett and C. Y. Hopkins. is 
_ Laboratory Tests of Protective Coatings Versus Service Results—W. T. Moran and 
G. E. Burnett. 
Accelerated Tests for Corrosion Resistance of Paints on Steel—H. A. Nelson. 
Exterior Exposure Tests for Wood and Metal Paints—Wayne Fuller and A. J. 
Eickhoff. 
Traffic Paint Tests—W. C. Vannoy. 
Some Aspects of Cold-Check Testing Practice—A Survey of the Furniture Finishes 
Field—F’.. H. Lang, I. C. Clare, and W. C. Brown. 


WwooD 
TuursDAy, OcToBer 13, 9 A.M. 


CHAIRMAN: L. J. MARKwaroT, U. S. Forest Products Laboratory, Madison, Wis. 

Studies of the Strength of Glued Laminated Wood Construction—A. L. Freas. 

Predicting Durability of Exterior Plywood—N. S. Perkins. 

Physical and Mechanical Properties of Second-Growth Douglas Fir—J. B. Alexander. 

Strength and Related Properties of Old-Growth Douglas-Fir Infected with Fomes 
Pini—J. R. Stillinger. 

Mechanical Properties of Second-Growth Redwood and } Compaen + with Virgin 
Timber—Emanuel Fritz. 


CAST IRON 


THurspDAy, OcTroBer 13, 2 P.M. 


CHAIRMAN: H. Bornstetn, Deere and«Co., Moline, IIl. 
_ Mechanical Testing and Properties of Gray Cast Iron—C. K. Donoho. 
Development, Significance, and Uses of Specifications for Cast Iron—H. Bornstein. 
Automotive Cast Irons, Including Brake Drums—R. G. McElwee. 
Applications and Uses of Gray Iron Castings, Including Significance of Various 
Properties of Gray lion —C. O. Burgess. 


. Most of the papers iisted above will be published either in a later issue 
of Proceedings, in Special Technical Publications, or in the ASTM. BULLETIN. 
In addition to the above 15 technical sessions, the following symposiums 
and discussions were presented as part of technical committee meetings held 
in conjunction with the technical sessions: 


Symposium on Modern Chemical and Instrumental Methods for the Determination 
of Metals in Petroleum Products. 

: Papers on Wood and Wood Products. 

Symposium on the Effect of Fuel Upon Diesel Engine Deposits. 

Papers on Concrete and Concrete Aggregates. 


oe on Structural Sandwich Construction and Materials. 
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Along with the technical sessions listed above, 7C technical committees 
and subcommittees took the opportunity to hold meetings on the West 
Coast and acquaint our western members with the procedures involved in 
developing A.S.T.M. Standards. 

The meeting was also highlighed by many entertainment features con- 
sisting of a Kick-Off Luncheon on Monday, a President’s Reception and 
Buffet Supper on Tuesday, boat ride on San Francisco Bay on Thursday, and 
a visit to the University of California on Friday, together with luncheons 
held each day for members in certain fields covered by the Society: Soils 
Luncheon Tuesday, Cement Luncheonand Petroleum Luncheon Wednesday, 
Paint and Wood Luncheons Thursday. In addition several entertainment 
features were arranged for the ladies including luncheons, scenic tours and 
a fashion show. 
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Abrasion. 


Improved Single-Unit Schiefer Abrasion Test- 
ing Machine—Herbert F. Schiefer, Law- 
rence E. Crean, and John F. Krasny. 
Published in ASTM Buttetin, No. 159, 
July, 1949, p. 73 (TP133). 


Accelerated Testing. 


Some Observations on the Accelerated 
A.S.T.M. Life Test for Electrical Heating 
Wires—Anton deS. Brasunas and Herbert 
H. Uhlig. Published in ASTM Buttetin, 
No. 161, October, 1949, p. 31 (TP175). 

Summary of Proceedings of the Symposium 
on Accelerated Durability Testing of 
Bituminous Materials, 1037. 


Acoustical Materials. 


Report of 
Standards, Appendix II, Annual Report of; 
the Board of Directors, 71. 


Additives in Lubricants. 


Proposed Method ef Test for Phosphorus in 
Lubricating Oils, Lubricating Oil Additives 
and Their Concentrates, Appendix VIII, 
Report of Committee D-2, 369. 


Adhesives. 

Adhesives. Report of Committee D-14, 458. 
Administrative Committees. 

See Board of Directors. a 
Aggregates. 


\ Wetting-and-Drying Test for Predicting 
Cement-Aggregate Reaction—C. H. Scho- 
ler, 942. Discussion, 949. 

Concrete and Concrete Aggregates, Report of 
Committee C-9, 286. 

Engineering Properties of Coral Reef Ma- 


SUBJECT INDEX 
VOLUME 49 


Aging. 


Administrative Committee on: 


terials—C. Martin Duke, 964. 


Symposium on Aging of Rubbers—Summary 
of Proceedings of the Chicago Spring 
Meeting, 1189. 


Air Content. 


Discussion of the Paper on the Pressure 
Method for Air Content of Mortars. Pub- 
lished in ASTM Bu ttetin, No. 158, May, 
1949, p. 65 (TP91). 


Air-Entrainment. 


The Design of Concrete Mixes Containing 
Entrained Air—-Thomas H. 
921. Discussion, 937. 


Thornburn, 


Aircraft Surfaces. 


Evaluation of Polishes for Use on Aluminum 
Aircraft Surfaces—Roy <A. Machlowitz. 
Published in ASTM Buttetin, No. 156, 
January, 1949, p. 46 (TP8). 


Airport Runways. 


The Preparation of Concrete for Airport 
Runways—Inge Lyse. Published in ASTM 
BULLETIN, No. 161, October, 1949, p. 48 
(TP192). 


Alloys, Non-Ferrous. 


See also Aluminum; Copper; Magnesium; 
Zinc. 

Chemica! Analysis of Metals. Report of Com- 
mittee E-3, 506. 

Copper and Copper Alloys, Cast and Wrought. 
Report of Committee B-5, 174. 

Corrosion of Non-Ferrous Metals and Alloys. 
Report of Committee B-3, 150. 

Creep and Stress-Kupture Investigations on 
Some Aluminum Alloy Sheet Metals—J. E. 
Dorn and T. E. Tietz, 815. Discussion, 832. 

Die-Cast Metals and Alloys. Report of 
Committee B-6, 203. 

Effect of Pulsating Loads on the Creep 
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Alloys, Non-Ferrous—contlinued. ment and Hot-Cold Work on the Properties 
Characteristics of Aluminum Alloy 14S-T— of Low-Carbon N-155 Alloy at Room 
M. J. Manjoine, 788. Joint Discussion, 799. Temperature and 1200 F.—J. W. Freeman, 
; Effect of Temperature on the Properties of E. E. Reynolds, D. N. Frey, and A. f, 

Metals. Report of Joint Committee, 241. White, 618. 

Electrical-Heating, Electrical-Resistance, and Iron-Chromium, Iron-Chromium-Nickel, and 
Electric-Furnace Alloys. Report of Com- Related‘ Alloys, Report of Committee A-10, 
mittee B-4, 171. 133. 

Electrodeposited Metallic Coatings. Report Magnetic Properties, Report of Committee 

of Committee B-8, 215. A-6, 128. 

Fatigue Characteristics of Aluminum Alloy Summary of Proceedings of the Symposium on 
75S-T6 Plate in Reversed Bending as Rapid Methods for the Identification of 
Affected by Type of Machine and Speci- Metals, 888. 7 
r. Oberg and R. J. Rooney, 804. 

¢ iscussion, 813. 

A Laboratory-Cast Pin Sample for the “Aluminum”—R. L. Templin. Published in 
Spectrographic Analysis of Copper-Base ASTM Buttetin, No. 158, May, 1949, p. 
Alloys—E. W. Palmer, J. P. Irwin, and 45 (TP71). 

C. C. Fogg. Published in ASTM Bu terry, Aluminum Condenser and Heat Exchanger 

No. 160, September, 1949, p. 41 (TP139). Tubes—J. S. Hamilton and J. J. Bowman. 

Light Metals and Alloys, Cast and Wrought. Published in ASTM Bu ttetin, No. 159, | 
Report of Committee B-7, 205. July, 1949, p. 44 (TP104). 

Magnesium Alloys and Applications—John C. Chemical Analysis of Metals. Report of Com- 
McDonald. Published in ASTM Buttetin, mittee E-3, 506. 

No. 159, July, 1949, p. 67 (TP127). Creep and Stress-Rupture Investigations on 

Magnetism in Copper Alloys: The Effect of some Aluminum Alloy Sheet Metals—J. E. 
Iron as Impurity—Allison Butts and Paul Dorn and T. E. Tietz, 815. Discussion, 832. 
L. Reiber, Jr., 857. Discussion, 884. Die-Cast Metals and Alloys. Report of Com- 

Metallography. Report of Committee E-4, mittee B-6, 203. 

513. Effect of Pulsating Loads on the Creep 

Non-Ferrous Metals and Alloys. Report of Characteristics of Aluminum Alloy 148-T— | 
Committee B-2, 146. M. J. Manjoine, 788. Joint Discussion, 799. 

Recommendations Affecting Standards for Evaluation of Polishes for Use on Aluminum 
Copper and Copper Alloys, Cast and Aircraft Surfaces—Roy A. Machlowitz. 
Wrought. Appendix, Report of Committee Published in ASTM Bu ttertin, No. 156, 
B-5, 177. 1949, January, p. 46 (TPR8). 

Recommendations Affecting Standards for Fatigue Characteristics of Aluminum Alloy 
Light Metal and Alloys, Cast and Wrought, 75S-T6 Plate in Reversed Bending as 
Appendix, Report of Committee B-7, 208. Affected by Type of Machine and Spec- 

Summary of Proceedings of the Symposium men—T. T. Oberg and R. J. Rooney, 804. 
on Rapid Methods for the Identification of Discussion, 813. 

Metals, 888. The Influence of Fluctuations in Stress 
| Wires for Electrical Conductors. Report of Amplitude on the Fatigue of Metals—T. 
Committee B-1, 141. v=. J. Dolan, F. E. Richart, Jr., and C. E. 

a a Work, 646. Discussion, 680. 
Alloy Steel. a. Light Metals and Alloys, Cast and Wrought. 

See also Steel. Report of Committee B-7, 205. 

Effect of Temperature on the Properties of A Polarographic Method for the Direct 
Metals, Report of Joint Committee, 241. Determination of Aluminum Oxide ia 

Elastic ane Fracture Toughness Studies of a Portland Cement—C. L. Ford and Lor 
Stainless Steel—Carl W. Muhlenbruch, rayne LeMar. Published in ASTM But 
738. Discussion, 754. LETIN, No. 157, March, 1949, p. 66 (TPS8). 

The Influence of Conditions of Heat Treat- Recent Milestones in Metals and Minerals- 
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John D. Sullivan. Published in ASTM 
BuiteTin, No. 156, January, 1949, p. 41 
(TP3). 

Recommendations Affecting Standards for 
Light Metal and Alloys, Cast and Wrought, 
Appendix, Report of Committee B-7, 208. 

The Time Delay for the Initiation of Plastic 
Deformation at Rapidly Applied Constant 
Stress —D. S. Clark and D. S. Wood, 717. 


Discussion, 736. 


Wires for Electrical Conductors. Report of 


Committee B-1, 141. 


Anhydrite. 


The Use of Natural Anhydrite in Portland 
Cement—W. C. Hansen and J. O. Hunt. 
Published in ASTM But tetin, No. 1061, 


October, 1949, p. 50 (TP194); Discussion, — 


p. 57 (TP201). 


Annual Address by President. 


The Progress of A.S.T.M., Annual Address 
by the President, R. L. Templin, 33. 


Annual Meeting. 


Annual Report of the Board of Directors, 35. 
Summary of Proceedings of the Fifty-second 
Annual Meeting, 1. 


Anodic Coatings. 


Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 205. 


Appearance. 


Appearance. Report of Committee E-12, 534. 

Report of Administrative Committee on 
Standards. Appendix II, Annual Report of 
the Board of Directors, 71. 


Asbestos. 


Asbestos-Cement Products, Report of Com- 
mittee C-17, 302. 

Creep and Relaxation in Compressed Asbes- 
tos Gaskets—F. C. Thorn. Published in 
ASTM Buttetix, No. 160, September, 
1949, p. 58 (TP156). 

Textile Materials. Report of Committee 
D-13, 445. 


Askarels. 


Summary of Proceedings of the Symposium 
on Insulating Oils, 1040. 
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Asphalt. 


Bituminous Waterproofing and Roofing Ma- 
terials. Report of Committee D-8, 415. 

Road and Paving Materials. Report of Com- 
mittee D-4, 388. 

Summary of Proceedings of the Symposium 
on Accelerated Durability Testing of 
Bituminous Materials, 1037. 

Twenty to 30 Years’ Weathering of Asphalt 
Shingles Made with Unfilled Coatings— 
G. L. Oliensis. Published in ASTM Bu t- 
LETIN No. 165, April, 1950. Discussion. 


Automatic Controlled Temperature. 


Apparatus for Automatic Uniform Controlled 
Rise of Temperature—V. C. Taxwood and 
C. R. Stock. Published in ASTM Buttetin, 

No 157, March, 1949, p. 76 (TP68). 


Field Tests of Wire and Wire Products, 
Report of Subcommittee XV, Committee 
A-5, 113. 


Barbed Wire. 


Bast and Leaf Fibers. 


Textile Materials. Report of Committee D-13, 
445, 


Bearing Metal. 


Chemical Analysis of Metals, Report of Com- 
mittee E-3, 506. 

Metal Powders and Metal Powder Products. 
Report of Committee B-9, 239. 

Non-Ferrous Metals and Alloys. Report of 
Committee B-2, 146. 

Report of Administrative Committee on 
Simulated Service Testing. Appendix VI, 
Annual Report of the Board of: Directors, 


Bend Tests. 


Creep-Time Relations for Polystryene Under 
Tension, Bending, and Torsion—Joseph 
Marin and George Cuff, 1158. Discussion, 
1175. 

Fatigue Characteristics of Aluminum Alloy 

_ 75S-T6 Plate in Reversed Bending as 
Affected by Type of Machine and Speci- 

_men—T. T. Oberg and R. J. Rooney, 804. 
Discussion, 813. 

A New High-Speed Shee 


t Metal Fatigue 
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Bend Tests 
Testing Machine for Unsymmetrical Bend- 
ing Studies —G. R. Gohn and FE. R. Morton, 
702. Discussion, 714. 


continued. 


Bituminous Materials. 


Bituminous Waterproofing and Roofing Ma 
terials. Report of Committee D-8, 415, 
Road and Paving Materials. Report of Com- 
mittee D-4, 388. 
’ Summary of Proceedings of the Symposium 
on Accelerated Durability Testing of 


Bituminous Materials, 1037. 
Bleeding. 


The Direct and Continuous Measurement of 
Bleeding in Portland Cement-Water Mix- 
tures—Rudolph C. Valore, Jr., James F. 
Bowling, and R. L. Blaine, 891. 

Laboratory Testing of Resistance of Traffic 
Paint to Bleeding—Fred S. Byerly. Pub- 
lished in ASTM Buttetin, No. 160, 


September, 1949, p. 52 (TP150). oe. 
Blister Failure. 


Effect of Temperature on the Rate of Blister 
i Failure of Finishes on Steel in Water 
Immersion Tests—J. A. Boylan and R. I. 
Wray. Published in ASTM Buttetin, No. 
157, March, 1949, p. 53 (TP45). 


Board of Directors. ez 


Annual Report, 35. if 


Boiler Feedwater. | 


Water for Industrial Uses. Report of Com- 

mittee D-19, 476. 
Boiling Point Range. 

Proposed Method of Test for Determination 
of Boiling Point Range of Polymerization 
Grade Butadiene, Appendix VII, Report of 

Committee D-2, 364. 


Bolting Materials. 
Effect of Temperature on the Properties of 
Metals. Report of Joint Committee, 241. 
Boxes. 


Shipping Containers. Report of Committee 
D-10, 430. 
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Chemical Analysis of Metals. Report of Com- 
mittee E-3, 506. 


Brass. — 
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Copper and Copper Alloys, Cast and Wrough; 
Report of Committee B-5, 174. 
Die-Cast Metals and Alloys. Report of Cop 
mittee B-6, 203. 
Recommendations Affecting 
Copper 


Standards 
Alloys, Cast ay 
Wrought, Appendix, Report of Commit. 


Manufactured Masonary Units, Report oj 
Committee C-15, 295. 
Refractories. Report of Committee C-8, 28 


Copper and 


Brick. 


Bromine Number. 


Proposed Method of Test for Bromine Number 
of Petroleum Distillates (Color Indicator 
Appendix IX, Report of Committee D.2 
379. 

Proposed Method of Test for Bromine Num 
ber of Petroleum Distillates (Electrometr 
Method), Appendix X, Report of Com 
mittee D-2, 383. ; 


Bronze. 


See also Copper. 

Chemical Analysis of Metals. Report of Cor 
mittee E-3, 506. 

Copper and Copper Alloys, Cast and Wrough 
Report of Committee B-5, 174. 

Recommendations Affecting Standards | 
Copper and Copper Alloys, Cast ar 
Wrought, Appendix, Report of Committ 
B-5, 177. 


Building Constructions. 


Methods of Testing Building “Constructions 
Report of Committee E-6, 518. 

Structural Sandwich Constructions, Repor 
of Committee C-19, 303. 


Burning Characteristics. 


Ignition and Burning Characteristics 
Polyester, Phenolic, and Melamine Fibro: 
Glass Laminates—H. J. Stark. Publish 
in ASTM Buttietin, No. 162, December 
1949, p. 55 (TP223). 


a 
Cable. 


Wires for Electrical Conductors. Report 
Committee B-1, 141. 


Ca 
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Calorimeter. 

Simple Calorimeter for Specific Heat Measure- 
ments--Roger B. Rice. Published in 
ASTM Buttetin, No. 157, March, 1949, 
p. 72 (TP64). 


Cast Iron. 


Cast Iron. Report of Committee A-3, 97. 

Proposed Impact Testing Methods of Cast 
Iron, Appendix II, Report of Committee 
A-3, 105. 

Recommendations Affecting Standards for 
Light Metal and Alloys, Cast and Wrought, 
Appendix, Report of Committee B-7, 208. - 

Summary of Proceedings of the Symposium 
on Testing Cast Iron with SR-4 Type of 
Gage, 889. 


Castings. 


Non-Destructive Testing. Report of Com- 
mittee E-7, 520. 

Stability of Steels as Affected by Temperature 
(Project No. 29), J. J. Kanter, Appendix 
II, Report of Joint Committee on Effect 
of Temperature on the Properties of Metals, 


247. Chemical Analysis. 


Cement. 


Asbestos-Cement Products, Report of Com- 
mittee C-17, 302. 

Cement. Report of Committee C-1, 256. 

The Direct and Continuous Measurement of 
Bleeding in Portland Cement-Water Mix- 
tures—Rudolph C. Valore, Jr., James E. 
Bowling, and R. L. Blaine, 891. 

long Time Tests of Concrete Containing 
Cements of Types I, II, and III Under 
Various Storage Conditions—W. J. McCoy 
and S. B. Helms, 909. Discussion, 920. 

The Nonevaporable Water Content of Hard- 
ened Portland-Cement Paste—Its Signifi- 
cance for Concrete Research and Its Method 
of Determination—Treval C. Powers. Pub- 
lished in ASTM BULLETIN, No. 158, May, 
1949, p. 68 (TP94). 

A Polarographic Method for the Direct 
Determination of Aluminum Oxide in 
Portland Cement—C. L. Ford and Lor- 
rayne LeMar. Published in ASTM But- 
LETIN, No. 157, March, 1949, p. 66 (TP58). 

Report of the Study Sponsored by the Work- 


Charpy Impact. _ 


Chemical Reactivity. 


Chromic Acid. 


~ 


of 

if ing ( ‘ommittee on Sulfur Trioxide Content, 

Appendix II, Report of Committee C-1, 
277. 

Testing Surface Waterproofers—F. O. Ander- 
egg. Published in ASTM Buttetin, No. 
156, January, 1949, p. 71 (TP33). Dis- 
cussion, p. 76 (TP38). 

Thermal Insulating Materials. Report of 
Committee C-16, 299. 

The Use of Natural Anhydrite in Portland 
Cement—W. C. Hansen and J. O. Hunt. 
Published in ASTM Buttetin, No. 161, 
October, 1949, p. 50 (TP194); Discussion, 
p. 57 (TP201). 

A Wetting-and-Drying Test for Predicting 
Cement-Aggregate Reaction—C. H. Scholer, 
942. Discussion, 949 


Chain-Link Fence. 


Field Tests of Wire and Wire Products, 
Report of Subcommittee XV, Committee 
A-5, 113. 


See Impact Testing. re 


Cement. Report‘ of Committee C-1, 256. 

hemical (Analysis of Metals. Report of Com- 
mittee E-3, 5006. 

Spectrographic Analysis. Report of Com- 
mittee E-2, 504. 


See Reactive Materials in Concrete. 


Discussion of the Paper on Action of Chromic 
Acid on Zinc Coatings. Published in 
ASTM Bo -tetin, No. 156, January, 1949, 
p. 49 (TP11). 


Chromium. 


Electrodeposited Metallic Coatings. en of 


Committee B-8, 215. 
Clays. 


Thixotropic Strength Regain of Clays— 
Louis Berger and John Gnaedinger. Pub- 
lished in ASTM Buttetin, No. 160, 
September, 1949, p. 64 (TP162). 
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Testing. 


Coal. 
Coal and Coke. Report of Committee D-5, 
401. 
Coatings. 


See also Electrodeposited Coatings; Paint. 
The Concept of Organic Coating Hardness— 
M. H. Switzer. Published in ASTM But- 


LETIN, No. 156, January, 1949, 67 
(TP29). 
Coke. 
Coal and Coke. Report of Committee D-5, 
401. 
Color. 


Appearance, Report of Committee E-12, 534. 

Proposed Method for Determination of 
Color Index of Petroleum Products by 
Photoelectric Colorimeter, Appendix V, 
Report of Committee D-2, 349. 

Proposed Method of Test for Bromine Num- 
ber of Petroleum Distillates (Color Indi- 
cator), Appendix IX, Report of Committee 
D-2, 379. 

A Rapid Photoelectric Method for Deter- 
mination of the Relative Color Density of 
Liquids—Louis Lykken and John Rae, Jr. 
Published in ASTM Buttetin, No. 160, 


September, 1949, p. 47 (TP145). 


Comparative Relationship of Tensile, Com- 
pressive, and Flexural Strength of Mortar 
to the Flexural and Compressive Strength 
of Concrete, Report of Cooperative Tests, 
Appendix I, Report of Committee C-1, 
263. 

Long Time Tests of Concrete Containing 
Cements of Types I, II, and III Under 
Various Storage Conditions—W. J. McCoy 
and S. B. Helms, 909. Discussion, 920. 

Thixotropic Strength Regain of Clays—Louis 
Berger and John Gnaedinger. Published in 
ASTM Bu ttetin, No. 160, September, 
1949, p. 64 (TP162). 

The Use of Natural Anhydrite in Portland 
Cement—W. C. Hansen and J. O. Hunt. 

Published in ASTM Bu tetin, No. 161, 

October, 1949, p. 50 (TP194); Discussion, 

p. 57 (TP201). 


Concrete, 


Chemical Reactions of Indiana Aggregate jp 
Disintegration of Concrete—Floyd O, Slate. 
954. Discussion, 962. 

Concrete and Concrete Aggregates, Report of 
Committee C-9, 286. 

The Design of Concrete Mixes Containing 
Entrained Air-Thomas H. Thornburn, 921. 
Discussion, 931. 

Engineering Properties of Coral Reef Ma. 
terials—C. Martin Duke, 964. 

Long Time Tests of Concrete Containing 
Cements of Types I, II, and IIL Under 
Various Storage Conditions—W. J. McCoy 
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Corrosion-Resisting Steel-—continued. 
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A History of Hardness Tests Based on Scratch 
Resistance Measurements—Ernest C. Bern- 
hardt. Published in ASTM Buttetin, No. 
157, March, 1949, p. 49 (TP41). 

Methods of Testing, Report of Committee 


E-1 498. 


Aluminum Condenser and Heat Exchanger 
Tubes—J. S. Hamilton and J. J. Bowman. 
Published in ASTM Buttetin, No. 159, 
July, 1949, p. 44 (TP104). 


Temperature Materials. 


See also Temperature, Effect of. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Committee, 241. 
High-Temperature and Low-Temperature 
Testing Equipment in the United States, 
Appendix III, Report of Joint Committee 
on Effect of Temperature on the Properties 

of Metals, 249. 

Stability of Steels as Affected by Temperature 
(Project No. 29), J. J. Kanter, Appendix 
II, Report of Joint Committee on Effect of 
Temperature on the Properties of Metals, 
247. 


Heat Exchanger Tubes. 


Highway Centerlines. 


A Direct Reading Portable Photoelectric 
Photometer for Determining Reflectance 
of Highway Centerlines—John M. Hill and 
Howard W. Ecker. Published in ASTM 
ButieTIn, No. 159, July, 1949, p. 69 
(TP129). 


Ignition Characteristics. 


Ignition and Burning Characteristics of 
Polyester, Phenolic, and Melamine Fibrous 
Glass Laminates—H. J. Stark. Published 
in ASTM Buttetin, No. 162, December, 
1949, p. 55 (TP223). 


Immersion Testing. 


Corrosion of Non-Ferrous Metals and Alloys, 
Report of Committee B-3, 150. 


Impact Testing. 


The Effects of Temperature and Material 
Structure on the Fracture Properties of 
Medium-Carbon Steel—Julius Miklowitz, 
602. 

Impact Testing of Plastics: Elimination of the 
Toss Factor—Bryce Maxwell and L, Ff. 
Rahm. Published in ASTM Buttery, 
No. 161, October, 1949, p. 44 (TP188), 
Discussion, p. 47 (TP191). 

Investigation of Square Sub-sized V-Notched 
Charpy Specimens—Donald C. Buffum, 
Published in ASTM BuLLetin, No. 1, 
September, 1949, p. 45. (TP143). 

Proposed Impact Testing Methods of Cast 
Iron, Appendix II, Report of Committee 
A-3, 105. 

Impact Testing, Report of Subcommittee 
XV, Committee A-3, 100. 

The Significance of the Charpy and Flexure 

Tests in Evaluating the Impact Resistance 
of Plastics—H. M. Quackenbos, Jr., J. M. 
Hill, Jr., and C. E. Staff. Published in 
ASTM Buttetin, No. 159, July, 1949, 
p. 56 (TP116). Discussion, p. 62 (TP122) 


Humidity. 
See Conditioning. 


Industrial Water. 


Round-Table Discussion on Standards for 
Water-Borne Wastes: Published in ASTM 
Buttetin, No. 162, December, 1949. 

The Need for Standards for the Inspection 
of Water-Borne Industrial Wastes- 
L. Kermit Herndon, p. 35 (TP203). 

Gaging and Sampling of Water-Borne 
Industrial Wastes—C. F. Hauck, p. 3 
(TP206). 

Analysis of Water-Borne Industrial Wastes 
—George D. Beal and S. A. Braley, p. ¥ 
(TP204). 

General Discussion, p. 43 (TP211). 

Water for Industrial Uses, Report of Com- 

mittee D-19, 476. 


Insulating Materials. 


See also Electrical Insulating Materials; 
Refractories; Thermal Insulating Me 
terials. 


= 
| 
| 


ee 


‘fee INDEX 1207 


Measurement of the Thermal Transmission — ‘Vapor Pressure Fuels, Appendix IV, Report 
of Textile Fabrics—Gerald Winston and of Committee D-2, 347. 
Stanley Backer. Published in ASTM Butte- ; 
tin, No. 162, December, 1949, p. 52 


Insulating Oils. See also Electrical Insulating Materials. 


Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 305. 


Summary of Proceedings of the Symposium 
on Insulating Oils, 1040. 


Lami 
Interfacial Tension Testing. aminated Materials 


Evaluation of Mineral Transformer on Structural Sandwich Constructions, Report 

fC C-19, 303. 

During Service—Frank M. Clark, 1041. of Committee C-19, 303 


Lead. 
Iron. 


Chemical Analysis of Metals, Report of Com- 
Corrosion of +. = Steel. Report of Com- mittee E-3, 506. 


mittee A-5 
Electrode llic C 
Magnetic Properties. Report of Committee pecs eposited Metallic Coatings. Report of 
A-6, 128 Committee B-8, 215. 
6, 128. 


The Influence of Vibration on the Creep of 
Iead—J. Neill Greenwood, 834. Discussion, 
851. 


Magnetism and Copper Alloys: The Effect of 
Iron as Impurity—Allison Butts and Paul 
L. Reiber, Jr., 857. Discussion, 884. N 

: -Fe Metal 1 Alloys. R t of 


a C i B-2, : 
John D. Sullivan. Published in ASTM and Minerals— 
Butterin, No. 156, January, 1949, p. 41 


(TP3) John D. Sullivan. Published in ASTM 
Spectrographic Methods for Determining — No. 156, January, 1949, p. 41 
Magnesium in Nodular Iron—Ford R. 
Bryan, G. A. Nahstoll, and H. D. Veldhuis. Length Change 
Published in ASTM Buttetin, No. 162, ; 
December, 1949, p. 69, (TP237). The Use of Natural Anhydrite in Portland 
Summary of Proceedings of the Symposium Cement—W. C. Hansen and J. O. Hunt. 
on Testing Cast Iron with SR-4 Type of Published in ASTM Buttetin, No. 161, 
Gage, 889. October, 1949, p. 50 (TP194); Discussion, 
The Surface Preparation and Repainting of p. 57 (TP201). _ 
Structural Iron and Steel, Arnold J. ee : 
Eickhoff. Appendix, Report of Committee Lime. 
D-l, Sil. Lime. Report of Committee C-7, 280. 
_ Nomograms for Obtaining the Compound 
Izod Impact. Composition of Hydrated Limes from the 
See Impact Testing. Oxide Analysis—Ernest M. Levin. Pub- ; 
lished in ASTM Buttetin, No. 162, De- 
K cember, 1949, p. 58 (TP226). q 
Knock Tests. o Low-Temperature Testing. 
The Precision of Fuel Rating, 1942 to 1946— See also Temperature, Effect of. ee 
Donal? B. Brooks and Robetta B. Cleaton. High- ise osueerebi and Low Temperature 
Published in ASTM Buttetin, No. 156, Testing Equipment in the United States, 
p. 56 (TP18). Appendix ITI, Report of Joint Committee on 
Proposed Carburetor Jacket for Use with Effect of Temperature on the Properties of 
Motor and Research Methods to Rate High Metals, 249. 


— 
| 
st 
ce 
M. 
in 
49, 
2 
for 
™ 
), 
tion 
. 
astes 
p. 36 
rials; 
i 


| 


Lubricants. 
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Corrosion of Iron and Steel. Report of Com-— 
mittee A-5, 110. 

Discussion of the Paper on Visual Rating of 
Rusted Steel Specimens. Published in AS 
TM Buttetin, No. 162, December, 1949, 
p. 67 (TP2350). 

Effect of Manufacturing Practice on Creep and — 
Creep-Rupture Strength of Low-Carbon 
Steel—G. V. Smith and E. J. Dulis, 584. 
Discussion, 600. 

The Effect of Metallizing Procedures on the 
Fatigue Properties of Steel—W. Lee 
Williams, 683. Discussion, 701. 

Effect of Speed of Testing on the Tensile 
Properties of Austenitic Stainless Steel 
Sheets—R. H. Heyer. Published in ASTM 
Butietin, No. 158, May, 1949, p. 57 
(TP83). Discussion, No. 162, December, 
1949, p. 53 (TP221). 

The Effect of Temperature and Material 

Structure on the Fracture Properties of 
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Medium-Carbon Steel—Julius Miklowitz, 
602. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Committee, 241. 

Effect of Temperature on the Rate of Blister 
Failure of Finishes on Steel in Water 
Immersion Tests—J. A. Boylan and R. I. 
Wray. Published in ASTM Buttetin, No. 
157, March, 1949, p. 53 (TP45). 

Effect of Variables in the Creep Resistance 
of Steel (Project No. 18), H. C. Cross, 
Appendix I, Report of Joint Committee on 
Effect of Temperature on the Properties of 
Metals, 246. 

Elastic and Fracture Toughness Studies of a 
Stainless Steel—Carl W. Muhlenbruch, 738. 
Discussion, 754. 

Klectrodeposited Metallic Coatings, Report 
of Committee B-8, 215. 

Field Tests of Wire and Wire Products, 
Report of Subcommittee XV, Committee 
A-5, 113. 

A Geiger-Miiller Counter Method of De- 
termining Phosphorus in Steels—Ford R. 
Bryan and George A. Nahstoll. Published 
in ASTM But tetin, No. 157, 
1949, p. 55 (TP47). 


The Influence of Conditions of Heat Treat- 


ment and Hot-Cold Work on the Properties 
of Low-Carbon N-155 Alloy at Room Tem- 
perature and 1200 F.—-J. W. Freeman, E. FE. 
Reynolds, D. N. Frey, and A. E. White, 618. 

The Influence of Fluctuations in Stress 
Amplitude on the Fatigue of Metals—T. J. 
Dolan, F. E. Richart, Jr., and C. E. Work, 
646. Discussion, 680. 

Iron-Chromium, Iron-Chromium-Nickel, and 
Related Alloys. Report of Commitre A-10, 
133. 


Magnetic Properties. Report of Committee 
| 


A-6, 128. 


A Method of Determining the Percentage 


Elongation at Maximum Load in the Ten- 
sion Test—Paul G. Nelson and Joseph 
Winlock. Published in ASTM BUuLtetin, 
No. 156, January, 1949, p. 53 (TP15). Dis- 


cussion, No. 162, December, 1949, p. 46 


(TP215). 


Recommendations Affecting Standards for 
Report of Committee 


Steel. Appendix, 


A-l, 90. 
Stability of Steels as Affected by Temperature 
(Project No. 29), J. J. Kanter, Appendix 


March, | 


Tension Test 
Published in 
No. 156, January, 1949, p. 


If, Report of Joint Committee on Effect of 
Temperature on the Properties of Metals 
247. 

The Standardization and Simplification of 
Steel Products—L. H. Winkler and J. G, 
Morrow. Published in ASTM Buttery, 
No. 157, March, 1949, p. 20. 

Report of Committee A-1 on Steel, 84. 

Summary of Proceedings of the Symposium 
on Evaluation Tests for Stainless Steels, 
887. 

Summary of Proceedings of the Symposium 
on Rapid Methods for the Identification 
of Metals, 888. 

The Surface Preparation and Repainting of 
Structural [Iron and Steel, Arnold J, 
Kickhoff. Appendix, Report of Committee 
D-1, 311. 

The Time Delay for the Initiation of Plastic 
Deformation at Rapidly Applied Constant 
Stress—D. S. Clark and D. S. Wood, 717. 


Study of A.S.T.M. Tentative Stiffness Test 
as Applied to Rubber—Dietrich G. 
“Stechert. Published in ASTM Butter, 
No. 157, March, 1949, p. 61 (TP53). 


Stiffness Test. 


Strain Gages. 


Strain Gages for Large Plastic Strains and 
Combined Stresses—Joseph ~ Marin. Pub- 
lished in ASTM Buttetin, No. 161, Oc- 
tober, 1949, p. 28 (TP172). 4 


Stress Analysis. i 


Creep and Stress-Rupture Investigations on 
Some Aluminum Alloy Sheet Metals—J. 


KE. Dorn and T. E. Tietz, 815. Discussion, 
832. 


A Method of Determining the “Percentage 
at Maximum Load® in the 
Paul G. Nelson and Joseph 
ASTM. BULLETIN, 


Elongation 


53 (TPI5). 

Discussion No. 162, December, 1949, p. % 
(TP215). 

Residual Stresses in Metals. Twenty-third 


Edgar ‘Marburg Lecture—William Marsh 
Baldwin, Jr., 539. 

Summary of Proceedings of the Symposium 
on Testing Cast Tron with SR-4 Type 


Gage, 889, 
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Structural Units. 


Methods of Testing Building Constructions. 
Report of Committee E-6, 518. 
Structural Sandwich Constructions, Report 
of Committee C-19, 303 — 
Subsurface Exploration. 
Geophysical 
Shepard, 993. 


Subsurface Explorations by 
Methods—E. 
Discussion, 


Raymond 
1010. 


Sulfur. 


Proposed Method of Test for Sulfur in Pe- 
troleum Products by the CO.—O,. Lamp 
Method, Appendix VI, Report of Com- 
mittee D-2, 355. 

Sulfur Trioxide Content, Report of the Study 
Sponsored by the Working Committee on 
Sulfur Trioxide Content, Appendix II, 
Report of Committee C-1, 277. 


Summary of Proceedings. 


Summary of Proceedings of the Fifty-second 


Annual Meeting, 


The Surface Preparation and Repainting of 
Structural Iron and Steel, Arnold J. 
Eickhoff. Appendix, Report of Committee 
311. 


Surface Treatment. 


‘Synthetic Rubber. 


Rubber Products. Report of Committee 


Tall Oil. 
Naval Stores. Report of Committee D-17, 463. 
Tar. 


Bituminous Waterproofing and Roofing Ma- 
terials. Report of Committee D-8, 415. 

Road and Paving Materials. Report of Com- 
mittee D-4, 388. 

Summary of Proceedings of the Symposium 
on Accelerated Durability 
Bituminous Materials, 1037. 


Testing of 


Temperature, Effect of. 


Apparatus for Automatic Uniform Controlled 
Rise of Temperature—V. C. Taxwood and 
C. R. Stock. Published in ASTM Bctte- 
TIN, No. 157, March, 1949, p. 76 (TP68). 
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Dynamic Creep and Rupture Properties of 
Temperature-ReSistant Materials Under 
Tensile Fatigue Stress—B. J. Lazan, 757. 
Joint Discussion, 799. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Committee, 241. 

The Effects of Temperature and Material 
Structure on the Fracture Properties of 
Medium-Carbon Steel—Julius Miklowitz, 
602. 

Effect of Variables in the Creep Resistance of 
Steel (Project No. 18), H. C. Cross, Ap- 
pendix I. Report of Joint Committee on 
:ffect of Temperature on the Properties of 
Metals, 246. 

Electrical-Heating, Electrical-Resistance, and 
Electric-Furnace Alloys. Report of Com- 
mittee B-4, 171. 

High-Temperature 


and Low-Temperature 
Testing Equipment in the United States, 
Appendix III, Report of Joint Committee 
on Effect of Temperature on the Properties 
of Metals, 249. 

The Influence of Conditions of Heat Treat- 
ment and Hot-Cold Work on the Properties 
of Low-Carbon N-155 Alloy at Room Tem- 
perature and 1200 F.—J. W. Freeman, E. 
KE. Reynolds, D. N. Frey, and A. E. White, 
618. 

Stability of Steels as Affected by Temperature 
(Project No. 29), J. J. Kanter, Appendix 
II, Report of Joint Research Committee on 
Effect of Temperature on the Properties of 
Metals, 247. 


Templing, Riqhard L. Award. 


Summary of Proceedings of the Fifty-second 
Annual Meeting, 7. 


Tension Testing. 


Comparative Kelationship of Tensile, Com- 
pressive, and Flexural Strength of Mortar 
to the Flexural and Compressive Strength 
of Concrete, Report of Cooperative Tests, 
Appendix I, Report of Committee C-1, 
263. 

Creep-Time Relations for Polystyrene Under 
Tension, Bending, and Torsion—Joseph 
Marin and George Cuff, 1158. Discussion, 
1175. 

Dynamic Creep and Rupture Properties of 
Temperature-Resistant Materials Under 
Tensile Fatigue Stress—B. J. Lazan, 757. 
Joint Discussion, 799. 
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Tension Testing—continued. 


Effect of Speed of Testing on the Tensile 
Properties of Austenitic Stainless Steel 
Sheets—R. H. Heyer. Published in ASTM 
BuLiLetiIn, No. 158, May, 1949, p. 57 
(TP83). Discussion, No. 162, December, 
1949, p. 53 (TP221). 

A Method of Determining the Percentage 
Elongation at Maximum Load in the Ten- 
sion Test—Paul G. Nelson and Joseph 
Winlock. Published in ASTM BUuLLetin, 
No. 156, January, 1949, p. 53 (TP15). Dis- 
cussion No. 162, December, 1949, p. 46 
(TP215). 


- Simplified Preparation of Flat Specimens for 


Testing, Speed of. - 


Tensile Strength Tests—V. C. Taxwood. 
Published in ASTM Buttetin, No. 157, 
March, 1949, p. 77 (TP69). Discussion, 
No. 162, December, 1949, p. 72 (TP240). 

Some Notes on the Effect of Testing Ma- 
chines on the Tensile Properties of Plastic 
Films—Ladislav Boor. Published in ASTM 
BuLtetIN, No. 162, December, 1949, p. 
47 (TP215). 

Strain Gages for Large Plastic Strains and 
Combined Stresses—Joseph Marin. Pub- 
lished in ASTM But tetin, No. 161, Oc- 
tober, 1949, p. 28 (TP172). 

The Time Delay for the Initiation of Plastic 
Deformation at Rapidly Applied Constant 
Stress—D. S. Clark and D. S. Wood, 717. 


Discussion, 736. 


See Speed of Testing. 


Testing Apparatus. 


Test Specimens. 


Methods of Testing. Report of Committee 


E-1, 498 ed ’ 


Fatigue Characteristics of Aluminum Alloy 
75S-T6 Plate in Reversed Bending as 
Affected by Type of Machine and Specimen 
—T. T. Oberg and R. J. Rooney, 804. 
Discussion, 813. 

The Influence of Fluctuations in Stress Ampli- 
tude on the Fatigue of Metals—T. J. 
Dolan, F. E. Richart, Jr., and C. E. Work, 
646. Discussion, 680. 

Influence of 


Type of Machine, Range of 


Speed, and Specimen Shape on Fatigue 


Test Data—P. K. Roos, D. C. Lemmon, 
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and J. T. Ransom. Published in ASTY 
BULLETIN, No. 158, 1949, p. 63, (TP89). 
Investigation of Square Sub-sized V-Notched 
Charpy Specimens — Donald C. Buffum, 
Published in ASTM Buttetin, No. 160, 
September, 1949, p. 45 (TP143). 
Simplified Preparation of Flat Specimens tor 
Tensile Strength Tests—V. C. Taxwood. 
Published in ASTM BuLtetin, No. 157, 
March, 1949, p. 77 (TP69). Discussion, 
No. 162, December, 1949, p. 72 (TP240). 


Textile Materials. 


Improved Single-Unit Schiefer Abrasion Test- 
ing Machine—Herbert F. Schiefer, Law- 
rence E, Crean, and John F. Krasny. 
Published in ASTM BuLtetin, No. 159, 
July, 1949, p. 73 (TP133). 

Measurement of the Thermal Transmission 
of Textile Fabrics—Gerald Winston and 
Stanley Backer. Published in ASTM 
BuLLeTIN, No. 162, 1949, 
p. 62 (TP230). 

Recommendations Affecting Standards for 
Textile Materials. Appendix, Report of 
Committee D-13, 449. 

Some Problems in the Sampling of Bulk 
Materials—Louis Tanner and W. Edwards 
Deming, 1181. Discussion, 1187. 

Textile Materials. Report of Committee D-13, 
445. 


December, 


Thermal Insulating Materials. 


Measurement of the Thermal Transmission of 
Textile Fabrics—Gerald Winston and 
Stanley Backer. Published in ASTM 
BULLETIN, No. 162, December, 1949, p 
62 (TP230). 

Thermal Insulating Materials. Report of 
Committee C-16, 299. 


Thermometers. 


Methods of Testing. Report of Committe: 


E-1, 498. ie 


Electrical-Heating, Electrical-Resistance, and 
Electric-Furnace Alloys. Report of Con 
mittee B-4, 171. 


Thermostat Metals. 


Thixotropic > 


Thixotropic Strength Regain of Clays—Louis 
Berger and John Gnaedinger. Published in 
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ASTM Bouttetin, No. 160, September, 
1949, p. 64 (TP162). 


Thompson, Sanford E. Award. 


Summary of Proceedings of the Fifty-first 
Annual Meeting, 26. Report of Committee 
C-9, 286. 


Tile. 


“Manufactured ‘Masonry Units, Report of 
Committee C-15, 295. 


Tin. 

Chemical Analysis of Metals, Report of 
Committee E-3, 506. 

Recent Milestones in Metals and Minerals— 
John D. Sullivan. Published in ASTM 


BuLLeTIN, No. 156, January, 1949, p. 


41 (TP3). 


Titanium. 
Recent Milestones in Metals and Minerals— 
John D. Sullivan. Published in ASTM 


Buttetin, No. 156, January, 1949, p. 41 
(TP3). 


Torsion Testing. 


Creep-Time Relations for Polystyrene Under 
Tension, Bending, and Torsion—Joseph 
Marin and George Cuff, 1158. Discussion, 
1175. 

Strain Gages for Large Plastic Strains and 
Combined Stresses—Joseph Marin. Pub- 
lished in ASTM Buttetin, No. 161, 
October, 1949, p. 28 (TP172). 

Testing Machine of 2,000,000 

Inch-Pound Capacity—F. K. Chang, K. 

Endre Knudsen, and Bruce G. Johnston. 

Published in ASTM Buttetin, No. 160, 

September, 1949, p. 49 (TP147). 


Torsion 


Toss Factor. 


Impact Testing of Plastics: Elimination of the 
Toss Factor—Bryce Maxwell and L. F. 
Rahm. Published in ASTM Buttetin, 
No. 161, October, 1949. p. 44 (TP188); 
Discussion, p. 47 (TP191). 


Toughness. 


Elastic and Fracture Toughness Studies of a 
Stainless Steel—Carl W. Muhlenbruch, 
738. Discussion, 754. 


Tour, Sam Award. 


Traffic Paint. 


Transformer Oils. 


Turbine Lubricants. 


Summary of Proceedings of the Fifty-second rr 
Annual Meeting, 7. 


Laboratory Testing of Resistance of Traffic 
Paint to Bleeding—Fred S. Byerly. Pub- 
lished in ASTM Buttetin, No. 160, 
September, 1949, p. 52 (TP150). 


Electrical Insulating Materials. Report of 
Committee D-9, 418. 

Evaluation of Mineral Transformer Oil 
During Service—Frank M. Clark, 1041. 

Summary of Proceedings of the Symposium 
on Insulating Oils, 1040. Wir 


Summary of Proceedings of the — : 
on Lubrication of High-Speed Turbine — 
Gear Equipment, 1039, 


Turpentine. 
Proposed Tests for the Evaporation — 
Acidity of Turpentine, Appendix I, Report 
of Committee D-17, 467. 


U 
Ultimate Consumer Goods. 


Report of Administrative Committee on 
Ultimate Consumer Goods. Appendix V, 
Annual Report of the Board of Directors, 
80. 


Ultrasonic Testing. 


Non-Destructive Testing. Report of Com- 


mittee E-7, 520. 


Varnish. 
Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 305. 
Panel Discussion on “Practical Aspects of the 
Testing of Paint and Varnish Products.’’ 
Published in ASTM Butterin, No. 161, 
October, 1949, p. 39 (TP183). 


Vibration. 


The Influence of Vibration on the Creep of 
Lead—J. Neill Greenwood, 
sion, 851. 
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Viscosity. 


A Direct Reading Attachment for the Stormer 
Viscometer—H. B. Klimper, L. P. Larson, 
and J. H. Calbeck. Published in ASTM 
BULLETIN, No. 161, 1949, p. 
33 (TP177). 

A Method for the Standardization of Krebs 
Modified Stormer Viscometers—-C.  F. 
Jackson and W. H. Madson. Published in 
ASTM BuLtetin, No. 161, 
1949, p. 36 (TP180). 

Proposed Definitions, Functions, Types, and 
Designations of Cutting Fluids, Appendix 
III, Report of Committee D-2, 345. 

Proposed Method of Test for Apparent 
Viscosity of Lubricating Greases, Appendix 
II, Report of Committee D-2, 338. 


October, 


October, 


Volatility. 


Method for Weight Loss of Plastic Films and 
Sheets on Heating—Maurice E. Marks. 
Published in ASTM Butretin, No. 159, 
July, 1949, p. 53 (TP113). 


Ww 


Effect of Temperature on the Rate of Blister 
Failure of Finishes on Steel in Water Im- 
mersion Tests—J. A. Boylan and R. [. 
Wray. Published in ASTM Bu No. 
157, March, 1949, p. 53 (TP45). 

Round-Table Discussion on Standards for 

Water-Borne Wastes: Published in ASTM 
BULLETIN, No. 162, 1949. 

The Need for Standards for the Inspection 
of Water-borne Industrial Wastes—L. 
Kermit Herndon, p. 35 (TP203). 

Analysis of Water-Borne Industrial Wastes 

George D. Beal and S. A. Braley, p. 36 
(TP204). 

Gaging and Sampling of Water-Borne In- 
dustrial Wasies—C. F. Hauck, p. 38 
(TP206). 

General Discussion, p. 43 (TP211). 

Water for Industrial Uses. Report of Com- 
mittee D-19, 476. 


December, 


Water Content. 


The Direct and Continuous Measurement of 
Bleeding in Portland Cement-—-Water 


Mixtures—Rudolph C. Valore, Jr., James 
E. Bowling, and R. L. Blaine, 891. 


The Nonevaporable Water Content of Hard- 
ened Portland-Cement Paste—Its Sig- 
nificance for Concrete Research and Its 
Method of Determination—Treval 


Powers. Published in ASTM BULLETIN, 
No. 158, May, 1949, p. 68 (TP94). 


Waterproofing. 


Bituminous Waterproofing and Roofing 
Materials. Report of Committee D-8, 415. 
Electrical Method for Evaluation of Protective 
Coatings as Moisture Barriers—Marion A, 
Arthur. Published in ASTM Buttery, 
No. 160, September, 1949, p. 57 (TP155). 
Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 305, 
Testing Surface Waterproofers—F. 0. 
Anderegg. Published in ASTM Buttetiy, 
No. 156, January, p. 1949, p. 71 (TP33). 


Discussion, p. 76 (TP38). _ > 


Corrosion of Non-Ferrous Metals and Alloys. 
Report of Committee B-3, 150. 

Effect of Weather on the Initial Corrosion 
Rate of Sheet Zinc, O. B. Ellis. Appendix, 
Report of Committee B-3, 152. 

Long Time Tests of Concrete Containing 
Cements of Types I, II, and III Under 
Various Storage Conditions—W. J. McCoy 
‘Ss. B. Helms, 909. Discussion, 920. 

A New Durability Test for Marble—D. W 
Kessler. Published in ASTM Buttery, 
No. 159, July, 1949, p. 45 (TP105). 

Summary of Proceedings of the Symposium 
on Accelerated Durability Testing of 
Bituminous Materials, 1037. 

Twenty to 30 Years’ Weathering of Asphalt 
Shingles Made with Unfilled Coatings 
G. L. Oliensis. Published in ASTM But- 
‘LeETIN, No. 165, April, 1950. Discussion. 

A Wetting-and-Drying Test for Predicting 
Cement-Aggregate Reaction—C. H. Scholer, 
942. 


Discussion, 949. 
Welding. 


Non-Destructive Testing. Report of Com 
mittee E-7, 520. 


Weathering. 


Wetting Tests. 


A Wetting-and-Drying Test for Predicting 


Cement-Aggregate Reaction—C. H. Scholer, 
942. Discussion, 949. 
we 
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Weight Loss. 

Method for Weight Loss of Plastic Films 
and Sheets on MHeating—Maurice E. 
Marks. Published in ASTM But tetin, 
No. 159, July, 1949, p. 53 (TP113). 


Whitewares. 

Report of Administrative Committee on 
Standards. Appendix II, Annual Report of 
the Board of Directors, 71. 

Wires, 
Electric-Furnace Alloys. Report of Com- 
mittee B-4, 171. 

Field Tests of Wire and Wire Products, Re- 
port of Subcommittee XV, Committee A-5, 
113. 

Some Observations on the Accelerated 

: Bsc Life Test for Electrical Heating 
Wires—Anton deS. Brasunas and Herbert 

H. Uhlig. Published in ASTM 

No. 161, October, 1949, p. 31 (TP175). 

Wires for Electrical Conductors. Report of 
Committee B-1, 141.00 


Wood. 
Program for Testing Wood Poles to Determine 
Allowable Fiber Stresses—L. G. Smith. 


Published in ASTM Butetin, No. 160, 
September, 1949, p. 32. 
Wood. Report of Committee D-7, 


Wool. 


| 
Some Problems in the Sampling of Bulk 
Materials 


a 


Louis Tanner and W. Edwards 
Deming, 1181. Discussion, 1187. 
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Textile Materials. 
D-13, 445. 


Report of Committee 


Wrought Iron. 


Magnetic Properties. Report of Committee 


A-6, 128. 


X-ray. 
See Radiography. 


Zinc. 


Die-Cast Metals and 
Committee B-6, 203. 

Kffect of Weather on the Initial Corrosion 
Rate of Sheet Zinc, O. B. Ellis. Appendix, 
Report of Committee B-3, 152. 

:lectrodeposited Metallic Coatings. Report 
of Committee B-8, 


Alloys. Report of 


Zinc Coatings. 


Corrosion of Iron and Steel. Report of Com- 
mittee A-5, 110. 

Discussion of the Paper on Action of Chromic 
Acid on Zinc Coatings. Published in ASTM 
BuLLETIN, No. 156, January, 1949, p. 
49 (TP11). 

Field Tests of Wire and Wire Products, Re- 
port of Subcommittee XV, Committee A-5, 
133, 
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Discussion, published in ASTM BuLtetin, 
No. 159, July, 1949, p. 64 (TP124). 
Discussion, 1155 


Adams, C. H. 4. 


Amey, William G. 


A Method for Evaluating the Surface and 
Volume Resistance Characteristics of Solid 
Dielectric Materiais, 1079. 


Anderegg, F. O. 


Testing Surface Waterproofers. Published in 
ASTM Buttetin, No. 156, January, 
1949, p. 71 (TP33). Discussion, p. 76 
(TP38). 


Anderson, E. A. 


Discussion, published in ASTM But etin, 
No. 156, January, 1949, p. 49 (TP11). 


Armstrong, W. C. 


Panel Discussion on “Practical Aspects of the 
Testing of Paint and Varnish Products.” 
Published in ASTM Butretin No. 161, 
October, 1949, p. 39 (TP183). 

Electrical Method for Evaluation of Protec- 
tive Coatings as Moisture Barriers. Pub- 
lished in ASTM Buttetin, No. 160, 
September, 1949, p. 57 (TP155). 


Arthur, Marion A. 


Ashley, S. E. Q. 


Examination of Plated and Protective Coat- 
ings by Electrographic Analysis—Summary 
of Proceedings of the Symposium on Rapid 
Methods for the Identification of Metals, 
888, 


Backer, Stanley 


Measurement of the Thermal Transmission of 
Textile Fabrics. Published in ASTY 
BULLETIN No. 162, December, 1949, p. 
(TP230). 


Baldwin, William Marsh, Jr. 


Residual Stresses in Metals—Twenty-thir 
Marburg Lecture, 539. 


Ball, L. W. a 


Revised Procedure for Establishing Radio 
graphic Standards—Summary of Proceed- 
ings of the Papers on Radiography, 890. 


Baum, L. A. H. 


The Design and Application of a Spark-Gap 
Instrument for Detecting Crack Failures 
of Asphalt Coatings During Weathering 
Tests—Summary of Proceedings of th 
Symposium on Accelerated Durability Test- 
ing of Bituminous Materials, 1037. 


Beal, George D. 


Analysis of Water-Borne Industrial Wastes 
The Need for Uniformity in Methods « 
Analysis and Reporting. Published 
ASTM Buttetin No. 162, December 
1949, p. 36 (TP204). 

Beck, H. R. 

Accelerated Weathering of Pitches and As 
phalts—Summary of Proceedings of th 
Symposium on Accelerated Durabilit 
Testing of Bituminous Materials, 1037. 

Berger, E. H. 


Discussion, published in ASTM 
No. 165, April, 1950. 


Berger, Louis 
Thixotropic Strength Regain of Clays. Pu 
lished in ASTM Buttetin, No. 10 
‘September, 1949, p. 64 (TP162). 
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Bernhardt, Ernest C. 


Scratch Resistance Measurements. Pub- 
lished in ASTM Buttetin, No. 157, 
March, 1949, p.49(TP41), 


Bernhard, R. K. 


Study on Mechanical Oscillators, 1016. Dis- 
cussion, 1035. 


Binder, W. oO. 


Influence of Carbon and Molybdenum on the 
Intergranular Corrosion Resistance of Aus- 
tenitic Chromium-Nickel Steels With and 
Without Columbium—Summary of Pro- 
ceedings of the Symposium on Evaluation 
Tests for Stainless Steels, 887. 


Blaine, R. L. 


The Direct and-Continuous Measurement of 
Bleeding in Portland Cement-Water Mix- 
tures, 891. 


Blake, John T. 


The Effects of Light and Ozone on Rubber— 
Summary of Proceedings of the Symposium 
on Aging of Rubbers, 1189. 


Bland, Jay 
A Universal Exposure Calculator for Radium 
Radiography and Its Application to Cur- 


rent Radiographic Films and Techniques— 


Borie of Proceedings of the Papers on 


Radiography, 890. 


Bloem, Delmar L. 


Discussions, 920, 937. 


Bloom, F. K. 


Accelerated Corrosion Testing of Chromium- 


mary of Proceedings of the Symposium on 
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